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Thyroid Anatomy

ATwo lobes (left, right)
Alsthmus: thin band of tissue between lobes
ASometimes pyramidal lobe above isthmus

Larynx behind
Thyroid cartilage

Pyramidal Lobe

Right and left lobes ==

Isthmus of thyroid

Trachea
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Thyroid Anatomy

ABlood supply: superiorand inferior thyroid arteries
A Superior thyroid: 1st branch external carotid artery
AlInferior thyroid: Thyrocervical trunk (off subclavian)

Hyoid bone

Thyroid cartilage

Superior thyroid
artery

Isthmus of the
thyroid

Common carotid

arteries Trachea
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Thyroid Embryology

AForms from floor of pharynx (epithelial cells)

24-28 Day Old Embryo

Lateral tongue Thyroid
swellings  dwerticulum

Olfactory pit _
Mazillary process "\ » i

Mandibular arch  \Jaic e v
Hyoid arch

Third arch == M

Entrance to
laryn
Wikipedia/Public Domain
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Thyroid Embryology

ADescends into neck

Alnitially maintains connection to tongue
Thyroglossal duct
Disappears later in development

ATwo remnants of duct in child/adult
Foramen cecum in tongue
Pyramidal lobe of thyroid
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Foramen Cecum

Pharyngopalatine arch

/ Palatine tonsil

Foramen Cecum
(end of median sulcus)

Fungiform papille
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Thyroglossal Duct Cyst

A Persistent remnant of thyroglossal duct
AMidline neck mass ; usually painless
AUsually discovered in childhood

A Classically, move up with swallowing or tongue
protrusion

AMay contain thyroid cells

Boards&Beyond Klaus D. Peter, Gummersbach, Germany
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Ectopic Thyroid

A Functioning thyroid tissue outside of gland
AMost common location isbase of tongue

APresents as a mass in the tongue
Commonly detected during increased demand for hormones
Puberty and pregnancy

AMay be the only functioning thyroid tissue
May under-produce thyroid hormone A hypothyroidism
N 48 growth of ectopic tissue
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Thyroid Histology

A4 EUOT EA Ccl AT A AT OAET O O

AFilled with colloid (protein material)

A Single layer of epithelial cells lines each follicle
AO&TTTEAOI AO AAI T 0o

AHormone synthesized by follicular cells

' Uwe Gille/Wikipedi
L) BoardseBeyond B
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Thyroid Hormones

A Contain the elementodine

Alodized salt

Table salt (NaCl) mixed with small minute amount of iodine
Done in many countries to prevent iodine deficiency
Added tosaltin US in 1924
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Thyroid Hormones

ATwo hormones: T3 and T4

A Synthesized from tyrosine and iodine
0

OH
NH-

Tyrosine

Thyroxine (T,)




Thyroglobulin

Large protein
Produced by thyroid follicular cells
Contains numerous tyrosine molecules

- Tyrosine :
=
Tyrosine

Thyroglobulin
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lodine

Alodine =1 (chemical element, atomic number 53)

Alodide = iodine bound to another atom
O) T AEAA OAlI 66 xBOE 1T ACAOEOA
Potassium iodide = Kl
Plasma iodine exists as iodide salt

A For thyroid hormone, iodide in our diet needs to be:
Taken up by follicular cells
Oxidizedto Lj OT A Ao®d@iion & Q
I AAAA O1 1 OCAT E A Dlyakitcatiod 6 @O OO A
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NIS
Na-lodine Symporter

Follicular Cell

Perchlorate (CIO4)
Pertechnetate(TcO4)

Plasma

Follicle Lumen
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Follicular Cell

lodide
Thyroid Peroxidase
(TPO)
S~— . |2
Plasma

Follicle Lumen
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HO ‘ Thyroid Peroxidase
(TPO)

Monoiodotyrosine
(MIT)

Triiodothyronine (T,)

OH

NH
HO 2

|
Diiodotyrosine
(DIT)
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Hormone Synthesis

Coupling Reactions

0O
I OH
NH,
HO | |
| Thyroid Peroxidase
Diiodotyrosine (TPO)
(DIT)

0O
| OH Thyroxine (T,)

NH,

HO

|
Diiodotyrosine
(DIT)
Boards&Beyond.
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TPO

Thyroid Peroxidase

AMultifunctional enzyme

A Catalyzes:
Oxidation of iodide
Organification of iodine into MIT/DIT
Coupling of MIT/DIT into T3/T4

ATPO antibodies common in autoimmune thyroid
disease
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Hormone Synthesis

Plasma

Follicle Lumen

Follicular Cell
\ Proteolysis
TPO\

\ Thyroid Peroxidase
(TPO)

BoardsaBeyond w .
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Thyroid Hormones

AT4 is major hormone produced by thyroid gland
>90% of thyroid hormone produced is T4

AT3 more potent hormone

At EO A OPOIEIOITTAS®G
Av 6 A AE lcénteitsA O T3

AMost conversion occurs irperipheral tissues

\-/ lodine
|

L -@leiodinase

Thyroxine (T,) iodoth _
m Boards&Beyond. Triiodothyronine (T5)
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Hyperthyroid Medications

A Propylthiouracil (PTU)

) T EEAEOO 40/ d 8 4c0F¥41 AEOI T OE

) 1 EEAELOD AT AOAd 8 41 O 40 A
AMethimazole

Inhibits TPO PTU and_MAethiquo,Ie,ar,e poth ,
APropranolol OOEET AT EAA

Beta blocker

7AAE EIl EEdeiBdhGs® | £ v 6

Excellent drug in thyrotoxicosis

Blockscatecholaminesand T4-T3 conversion
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Wolff-Chaikoff Effect

A Excessive iodide in diet could lead to hyperthyroidism

AThyroid protects itself via Wolff -Chaikoff Effect

AOrganification ET EEAEOAA AU Y EI
Less synthesis of MIT/DIT
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Amiodarone

AClass Il antiarrhythmic drug
A Commonly used in atrial fibrillation
A Contains iodine

A Can causérypothyroidism via excess iodine
Wolff-Chaikoff Effect
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Amiodarone

AMimics T4
Inhibits v -@eiodinase
s Amgvna3( EOI I DPEOOEOAOU cCI AT A

TSH rises after start of therapy then normalizes
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Radioactive lodine

Al s an isotope of iodine
Has 53 protons like elemental iodine
Extra neutrons

A Emits radiation (f -decay)

AExposureA radioactive iodine in thyroid gland
Competes with elemental iodine for uptake
Will concentrate in thyroid gland

ASmall dose: Used for imaging 1#3)

ALarge dose: Destroys thyroid tissue
Used as therapy for hyperthyroidism
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TBG

Thyroxine-Binding Globulin

AMost plasma thyroid hormone is T4
AThyroid hormones poorly soluble in water

AMost T4 is bound to TBG

Some with transthyretin and albumin
TBG present in small amount but has high affinity
TBG produced in liver

AKey point:
Less TBGA less available T4/T3 to tissues

TBGT4A 14
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TBG

Thyroxine-Binding Globulin

AEstrogen raises TBG levels
Modifies TBG molecules
Slows clearance from plasma
Pregnancy, OCP users
Will raise total T4 levels

AlLiver failure lowers TBG levels

Less production of protein
Can lower total T4 levels

Boards&Beyond.
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TBG

Thyroxine-Binding Globulin

Rise in TBG

|

More bound T4

Less free T4

" 43
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Thyroid Hormone Receptor

AFamily of nuclear receptors
AHormone-activated transcription factors
AModulate gene expression
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Effects of Thyroid Hormone

AMajor regulator of metabolic activity and growth
A Glucose, lipid metabolism

A Cardiac function

A Bone growth

ACNS development
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Thyroid Hormone

Metabolic Effects
Av # AOAT EUAOAOA - AOAAIT I EOI
V' glycogenolysis gluconeogenesis

Mmoo &AO - AOAAT 1 EOI

w T EBPIIT UOEO

5 AT T AAT OOAOQOEI 1O 1T &£ AET 1 AOOAC
m 11T xZAAT OEOU 1 EPI DOl OAET OAA
m AET T AOOAOT T OAAOAOQOEIT EIT AE

A Hypothyroid patients: AET 1 AOOAOIT I
A Hyperthyroid patients: hyperglycemia
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Thyroid Hormone

Metabolic Effects

Av AAOAT | AOAAT T EA OAOA
Basal rate of energy use per time
Amount of energy burned if you slept all day

Av AT+ !''40A0A DBOI PO
More pumps = more ATP consumed
n T gucAl AAIT AT A Ol OAPI Al EOE
1 OAOPEOAOI OU OAOA
nm AT AU OAI PAOAOOOA

AHyperthyroid patients: weight loss

McDonough AA, et alThyroid hormone coordinately regulates Na+ -K+-ATPase alpha- and beta-subunit
MRNA levels in kidney. Am J Physiol1988 Feb;254(2 Pt 1):C3239.
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http://www.ncbi.nlm.nih.gov/pubmed/2831727

Thyroid Hormone

Cardiac Effects

Mg T(2T736TAI T OOAAOEI EOU
AV 1 receptors in heart

A Hyperthyroid patients: Tachycardia
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Thyroid Hormone

CNS and Bone effects

ATH required for normal bone growth/CNS maturation

A Childhood hypothyroidism A cretinism

Stunted growth
Mental retardation

A Causes
lodine deficiency (39 world)
Thyroid dysgenesis
Inborn errors of hormone synthesis lyshormonogenesig
TPO most common
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Thyroid Hormone

CNS and Bone effects

AMost commontreatable cause of mental retardation

AMost babies appear normal
Maternal T3/T4 crosses placenta

ANewborn screening programs
Measure T4 or TSH from heestick blood specimens
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Thyroid Hormone

CNS and Bone effects

AMental retardation

A Coarse facial features
A Short stature
AUmbilical hernia
AEnlarged tongue

L) BoardsaBeyond Wellcome Imagesiikipedia
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Thyroid Hormone Regulation

ATSH (thyrotropin) released by anterior pituitary
ABinds to receptors on follicular cells
A Activates CAMP/PKA 29 messenger system
M 4c0F41 OAI AAOA
nw OAOA T £ POl OATTUOEO 1T £ OEUC
Leads to rapid release of more T3/T4
Also stimulates thyroid cell growth, TG synthesis
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Thyroid Hormone Regulation

ASerum T4/T3 level sensed by hypothalamus
/A Releases thyroid releasing hormone (TRH)

\
L i

Hypothalamus .
.nay I hyrotropin-releasing hormone
- (TRH)

Thyroid-stimulating hormone
(TSH)
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Pregnancy

AMultiple effects on thyroid hormone production
Rise in total plasma T4/T3 levels
Rise in TBG levels (estrogen)

AhCGstimulates thyroid (same alpha unit as TSH)
ARaises free T4 lower TSH

TBG

——

Total T4

Free T4

TSH
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Thyroid Panel

AFour standard measurements to assess thyroid

Test Normal Value

TSH 0.4 to 5.0 mU/L
Total T4 60 to 145 nmol/L
Total T3 1.1 to 3 nmol/L
Free T4 0.01-0.03nmol/L

Note:
T4>T3
Total T4 >> Free T4
(most bound to TBG)
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Calcitonin

AHormone produced by thyroid
A Synthesized byparafollicular cells (C-cells)

C cell

Boards& Beyond Andrea MazzdWikipedia
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Calcitonin

A Lowers serumcalcium
Suppresses resorption of bone; inhibits osteoclasts
Inhibits renal reabsorption of calcium, phosphorus
Increased calcium in urine

A Probably minor role in calcium handling in humans
AUsed as pharmacologic therapy fanypercalcemia
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Thyroid Disorders
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Thyroid Disorders

/

Hyperthyroid
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Thyroid Disorders

Hypothyroid

\

Thyroiditis




Hypothyroidism

AMetabolism SLOWS DOWN

A Lethargy, fatigue

AWeakness; dyspnea on exertion
A Cold intolerance

AWeight gain with loss of appetite
A Constipation

A Hyporeflexia

ADry, cool skin

ACoarse, brittle hair

A Bradycardia
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Hyperlipidemia

A Classic feature of hypothyroidism

Av O1T OAT AEIT 1T AOOAOI I

Av s, AET 1T AOOAOI |

APrimary mechanism: , $, OAAADPOI O A
T;upregulates LDL receptor gene activation
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Myxedema

Thyroid dermopathy

ANon-pitting edema of the skin from hypothyroidism
A Hyaluronic acid deposits in dermis

A Draws water out A swelling

AUsually facial/periorbital swelling

A Pretibial myxedema

Special form of myxedema over shin

3AAT ET ' OAOA8O AEOAAOA | EUD
AMyxedema coma = coma from hypothyroidism
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Myxedema
Thyroid dermopathy

Herbert L. Fred, MD and Hendrik A. vabijk

|! M Boards&Beyond



Hypothyroid Myopathy

AMuscle symptoms common in hypothyroid
AWeakness, cramps, myalgias
A O Ace@ihe kinase (CK) common (up to 90%)

Structure of a Skeletal Muscle

Bone
;\\'.'!1 )

Perimysium Blood vessel

—_ s R R e —
F i e s & .r- i : 3 /
t ' Fascicle

Tendon Epimysium Endormysiurn

Wikipedia/Public Domain
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Hyponatremia

4 ~ N L N

AHigh levels of ADH (SIADH)
AMay lead to confusion
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Thyroid Replacement

A Levothyroxine (Synthroid): synthetic T4
A Liothyronine (Cytomel): synthetic T3

A Levothyroxine preferred
T3 absorbed from intestines rapidly
Can cause milchyperthyroidism symptoms
Tachycardia, tremor
Also, T4 converted to T3

ATitrate dose until TSH is normal
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Hyperthyroidism

AMetabolism SPEEDS UP

A Hyperactivity

A Heat intolerance

AWeight loss with increased appetite
A Diarrhea

AHyperreflexia

AWarm, moist skin

AFine hair

ATachycardia (atrial fibrillation)
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Thyroid Storm

A Life-threatening hyperthyroidism (thyrotoxicosis)

AUsually precipitated byacute event
Patient with pre-existing hyperthyroid disease
" OAOAGO 1T O OI @EA 1 O1I OET T AOI AC
Surgery, trauma, infection

AMassivecatecholamine surge

A Fever, delirium

ATachycardia with death from arrhythmia

A Hyperglycemia catecholaminegthyroid hormone)

A Hypercalcemia (bone turnover)
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Golter

A Enlarged thyroid
AHigh TSH, inability to produce T3/T4
A4 EUOIT EA OOEI Ol AOET C

SSSSSSSSSSS




Lab Findings

ABest initial test isTSH

TSH
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Lab Findings

AMost disorders are primary disease
Disorder of the thyroid gland
TSH is opposite thyroid hormone
(UBPT OEUOI EAEOI E ¥
(UPAOOEUOI EAEOI E

Fituitary gland

Thyroid gland -“
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Lab Findings

A Central hyper/hypo thyroid disease
Low TSH and low T3/T4; High TSH and high T3/T4
Rare disorders of the pituitary, hypothalamus
Usually hypothalamicpituitary tumors
Tumors block secretion TRH/TSH (hypothyroidism)
Rarely aTSHomacan secrete TSH (hyperthyroidism)
Pituitary resistance to thyroid hormone (hyperthyroidism)

Fituitary gland

Thyroid gland 4-“
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Reverse T3

Alsomer of T3 also derived from T4

I O
Pehsan,
| o NH,

Reverse T3

O]
I ; OH

Ol A, |
NH,,

OH

Trilodothyronine (T,)
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Reverse T3

ALevel usually parallels T4
Low T4A Low IT3

A One special useEuthyroid sick syndrome
Critically ill patients A low TSHA Low T3/T4
Can look like central hypothyroidism
T3 rises in critical illness (impaired clearance)

A Critically ill patient with low TSH/T4/T3
Check T3
Low A central hypothyroidism
High A sick euthyroid syndrome
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Hyperthyroidism

A' OAOAG O (#4 eaGsA)A O A
A Toxic multinodular goiter
AAmiodarone

Alodine load

A Early thyroiditis
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" OAOAGO $EOAAO
AAutoimmune disease

AThyroid stimulating antibodies produced
A Symptoms of hyperthyroidism occur
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" OAOABGO $EOAAO

A Exophthalmos (bulging eyes)
Proptosis (protrusion of eye) and periorbital edema
Usually no ocular symptoms

A Pretibial myxedema (shins)
AT-cell lymphocyte activation of fibroblasts
A Fibroblasts contain TSH receptor

A Stimulation A secretion ofglycosaminoglycans
Hydrophilic substances, mostly hyaluronic acid
Draws in water A swelling
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Jonathan Trobe, M.D./Wikipedia

Herbert L. Fred, MD and Hendrik A. vabijk
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OAOAG0O $EOAAO

A Diagnosis:

Usually hyperthyroid labs plus exophthalmos

Can measure TSH receptor antibodies

O4EUOI EA OOEI O1 AGET ¢ Ei T O1TT cl
ATreatment

Symptoms: beta blockersthionamides

Drugs often started in preparation for definitive therapy

Radioactive iodine ablation or surgery
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Thionamides

AMethimazole
Inhibits thyroid peroxidase (TPO)
Organification of iodine
Coupling of MIT/DIT

A Propylthiouracil (PTU)
Inhibits TPO
11 Ol EIl-deiadh&s® O v 6
Blunts peripheral conversion T4A T3
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Thionamides

A Skin rash (common)

A Agranulocytosis
Raredrop in WBC
May present as fever, infection after starting drug
WBC improves with stopping drug
Aplastic anemia cases reported

A Hepatotoxicity
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Thionamides

AMethimazole: teratogen
Associated with congenital malformations
Especially Fttrimester
PTU often used during early pregnancy
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Thyroid Storm

Treatment

A Propranolol
Beta blocker
Blocks T4A T3 conversion

AThionamides(PTU, Methimazole)

ASSKI gaturated solution of potassiumiodide)

lodide load A shuts down T4 production
Wolff-Chaikoff effect

A Steroids

Reduce T4A T3 conversion
Suppress auteimmune damage
Treat possible concomitant adrenal insufficiency
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' OAOAGO |/ PEOEA
A Sometimes worsens despite treating hyperthyroidism
A Can cause irritation, excessive tearing , pain

A Symptoms often worse by cold air, wind, bright lights

A Severe inflammation treatments:
Steroids
Radiation
Surgery

Boards&Beyond Jonathan Trobe, M.D./Wikipedia
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Toxic Adenomas

ANodules in thyroid that function independently
Usually contain mutated TSH receptor
Do not respond to TSH
One nodule: Toxic adenoma
Multiple: Toxic multinodular goiter
AFindings:
Palpable nodule
Hyperthyroidism symptoms/labs

ATreatment: Radioactive iodine or surgery
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Radioactive lodine Uptake

Almportant test for thyroid nodules
AAdministration of 113! (lower dose than ablation)
A Contraindicated in pregnancy/breast feeding
AO(T 66 11 AOI A

Takes up 31

Not-cancerous

AO#T1T 1 Ao 11 AOI A
Chance of cancer (~5%)
Often biopsied (Fineneedle aspiration)
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JodBasedow Phenomenon

Alodine -induced hyperthyroidism
A Often occurs in regions ofodine deficiency
Introduction of iodine A hyperthyroidism

A Often occurs in patients withtoxic adenomas
Drugs administered with high iodine content
Expectorants (potassium iodide)

CT contrast dye
Amiodarone
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Amiodarone

ATwo types of hyperthyroidism
AType |

Occurs in patients withpre -existing thyroid disease

' OAOA 6 O-nddudar goitei O E

Amiodarone provides iodineA excess hormone production
AType Il

Destructive thyroiditis

%BAAOO OAI AAOA 41T 40 11

Direct toxic effect of drug

Can occur in patientsvithout pre -existing thyroid illness
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Hypothyroidism

Alodine deficiency

Alodine excess

A Congenital hypothyroidism

A Amiodarone

AThyroiditis
(AOEEI T OI 80 jnNp AAOOA
Subacute
2EAAAT 80O
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lodine Deficiency

AO%T AAT EA CT EOAOOG
Goiter in region with widespread iodine deficiency
Common in mountainous areas (iodine depleted by ruwoff)

A Constant elevation of TSH\ enlarged thyroid

Wellcome Images

Ll BoardsaBeyond
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lodine Excess

A Excessive iodide in diet could lead to hyperthyroidism

AThyroid protects itself via Wolff -Chaikoff Effect

AOrganification ET EEAEOAA AU Y EI
Less synthesis of MIT/DIT

A Chronic, high iodine intakeA goiter/hypothyroidism
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lodine

= Iodline —

Deficiency Excess Load

Vv

Hypothyroidism Hypothyroidism  Hyperthyroidism
Goiter Wolff-Chaikoff
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Goitrogens

A Substances that inhibit thyroid hormone production
AMost common is iodine

ALithium (inhibits release of thyroid hormone)

A Certain foods (cassava and millet)
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Amiodarone

ACan causdypothyroidism

AExcess iodine, Wolff-Chaikoff Effect
Suppression of thyroid hormone synthesis
.1 Ol Al DPAOEAT 06 OAOCAADPAG6 EI
Pre-existing subclinical thyroid diseaseA O EZAET OOA Oi
AAlso mimics T4
Inhibits v -@liodinase
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. Always check TSH
Amiodarone before starting
amiodarone
Amiodarone
H;;othyroid\is‘.m Hyperthyroidism
lodine Excess Ln_hlb_|ts lodine Load Thyroiditis
L -@liodinase
Hypothyroidism | N
. ypothyroidism
Wolff-Chaikoff 5 4T3
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Congenital Hypothyroidism

ATH required for normal bone growth/CNS maturation

A Childhood hypothyroidism A cretinism

Stunted growth
Mental retardation

A Causes
lodine deficiency (39 world)
Thyroid dysgenesis
Inborn errors of hormone synthesis lyshormonogenesig
TPO most common
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Thyroid Hormone

CNS and Bone effects

AMost commontreatable cause of mental retardation

ANewborn screening programs
Measure T4 or TSH from heestick blood specimens
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Thyroid Hormone

CNS and Bone effects

AMental retardation

A Coarse facial features
A Short stature
AUmbilical hernia
AEnlarged tongue

L) BoardsaBeyond Wellcome Imagesiikipedia
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latrogenic Hypothyroidism

AThyroid surgery

| £FOAT AT T A £ O "OAOGAO 1 0O 1 Al

A Radioiodine therapy
1131 administered orally as solution or capsule
BetaemissionsA tissue damage
Ablation of thyroid function over weeks

$1TA £ O ' OAOAGO 1T O I AIECT AT A

ANeck radiation
(1T ACEET 60 1 UIDEIITA
Head and neck cancer
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( AOEEI | Ol 00 4E
Chronic Autoimmune Thyroiditis

AMost common cause of hypothyroidism (nordiet)

ALymphocytes infiltrate thyroid gland
Autoimmune disorder (T-cell attack thyroid; B cell activation)
HLA-DR3 HLADRS5and others
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(AOEEI T 01 80
Chronic Autoimmune Thyroiditis

A Antibodies produced
Anti-TPO
Anti-thyroglobulin

A Histology:
Massive lymphocytic infiltrate (germinal centers)
Hurthle cells (enlarged eosinophilic follicular cells)

STUDY SMARTER
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(AOGEEIi T 0160
Chronic Autoimmune Thyroiditis

A Primarily occurs in women

A Enlarged nontender thyroid gland
AGradual loss of thyroid functiond symptoms
A Symptoms/labs of hypothyroidism

ATreatment: thyroid hormone replacement
Alncreased risk of Non Hodgkin B cell lymphoma
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S

4 E




Subacute Thyroiditis

del O A O GyfaiuloBaus thyroiditis

AGranulomatous inflammation of thyroid
AOccurs in young females
ATender, enlarged thyroid gland
AHyperthyroid A euthyroid A hypothyroid
ATreatment:

Anti-inflammatories (aspirin, NSAIDs, steroids)

Thyroid symptoms usually mild (no treatment)
Usually resolves in few weeks
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2EAAAI 60 4EU
A Fibroblast activation/proliferation
AFibrous tissue (collagen) deposition in thyroid
AO2T AE EAOA6 OEUOT EA
A Often extendsbeyond the thyroid

Parathyroid glandsA hypoparathyroidism

Recurrent laryngeal nervesA hoarseness
Trachea compressiord difficulty breathing

A Associated withlgG4 plasma cells
- AU AA DOAT YOA'At AEOAAOCAG
IgG4 plasma cells identified in biopsy specimens
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Lymphocytic Thyroiditis
Painless Thyroiditis
A6 AOEAT O T £/ (AOEEIT OT 60
ALymphocytic infiltration of thyroid gland
ATransient hyperthyroidism
#A1l 11TE I EEA ' OAOAGO xEOET OC
Serum thyroid stimulating immunoglobulins not elevated
A Followed sometimes by hypothyroidism
#A1 11T E I EEA (AOEEITOI 60
AUsually selflimited (weeks)
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Thyroid Cancer

Jason Ryan, MD, MPH
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General Principles

AThyroid cancer usually no hyper/hypo symptoms
A Often presents as nodule

A Differential is benign adenoma versus cancer

A Biopsy done byfine needle aspiration
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Thyroid Imaging

Ultrasound
Some characteristics suggest cancer
Borders, vascularity, calcifications

Nevit Dilmen/Wikipedia
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Radioactive lodine Uptake

ASmall oral dose 13! given to patient

A Scintillation cameraA image of thyroid
ANormal: diffuse, even uptake
A$ EAEOOA EECE ODOAEARG . ;v

p

A$ EELZEOOA 11 x OPOAEAd ( AOEE
AMultiple areas of high uptake: nodular goiter

ABET CIT A OET 66 11 AOI Ag AAAI
ABET CIT A OAT 1T A6 TTAOI Ag o160

Most cancers do not make hormone
About 10% cold nodules are malignant
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Follicular Adenoma

ACommon cause of thyroid nodules

A Benign proliferation of follicles

ANormal follicular tissue seen on biopsy

A Completely surrounded by fibrous capsule

AFNA cannot distinguish between adenomas/cancer
Cannot see entire capsule
Follicular carcinoma has similar histology by FNA

AFNA follicular pathology followed over time
Growth, suspicious new findings® surgery

SSSSSSSSSSSS




Thyroid Cancer

A Papillary
AFollicular
AMedullary
A Anaplastic
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Papillary Carcinoma

AMost common form thyroid cancer (~80%)

Alncreased risk with prior radiation exposure
Childhood chest radiation for mediastinal malignancy or acne
Survivors of atomic bomb detonation (Japan)
Nuclear power plant accidents (Chernobyl)

APresents as thyroid nodule
Sometimes seen on chest/neck imaging (CT/MRI)
Diagnosis made after fine needle aspiration (FNA)

A Excellent prognosis
Treated with surgery plus radioactive iodine ablation
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Papillary Carcinom

£ B
A o

KGH/Wikipedia

Boards&Beyond.

STUDY SMARTER




Papillary Carcinoma

AThree key pathology findings:
Psammoma bodies
Nuclear grooves
| OPEAT ' 1T EAGO %UA
A Diagnosis made bywuclear findings

STUDY SMARTER
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Psammoma Bodies

A Calcifications with an layered pattern
ASeen in other neoplasms but only papillary for thyroid




Nuclear Grooves




Orphan Annie's Eyes

AEmpty-appearing nuclei

William Creswell/ Flikr




Follicular Carcinoma

A Similar to follicular adenoma
A OAAEO Oivdiés® QE FEAOT 0O AAD
AFNA cannot distinguish between adenomas/cancer

A Follicular pathology followed over time
Growth, suspicious new findings® surgery




Follicular Carcinoma

APossiblehematogenous metastasis

ATreatment:
Thyroidectomy
1131 to ablate any remaining tissue or metastasis
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Medullary Carcinoma

ACancer ofparafollicular cells (C cells)

A Producescalcitonin
Lowers serum calcium
Normally minimal effect on calcium levels
Used for monitoring

AAmyloid deposits in thyroid
Amyloid = protein deposits
Calcitonin = peptide
Appearance of amyloid on biopsy

STUDY SMARTER




Medullary Carcinoma

Nephron/Wikipedia

Boards&Beyond.
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MEN Syndromes

Multiple Endocrine Neoplasia

AGene mutations that run in families
A Cause multiple endocrine tumors

AMEN 2A and 2B associated with medullary carcinoma
Caused by RET oncogene mutation
Some patients haveslective thyroidectomy
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Anaplastic Carcinoma

Undifferentiated Carcinoma

A Occurs inelderly
AHighly malignant- invades local tissues

Dysphagia (esophagus)

Hoarseness (recurrent laryngeal nerve)

Dyspnea (trachea)

$1 760 Al T £#OOA xEOE 2EAAAGG O
A Poor prognosis

A Pathology: Undifferentiated cells
No papilla, follicles, or amyloid

SSSSSSSSSSS
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Adrenal Glands

Jason Ryan, MD, MPH
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Adrenal Glands

ALocated above kidneys

A Arteries: Suprarenal arteries
Left and right
Superior, inferior, middle
AVeins:

Left adrenalA renal vein A IVC
Right adrenalA IVC

STUDY SMARTER

Adrenal gland

Kidney

Wikipedia /Public Domain




Cortex and Medulla

ACortex: Three groups of hormones
Mineralocorticoids (aldosterone)
Glucocorticoids (cortisol)

Androgens (testosterone)
Derived from mesoderm

A Medulla Adrenal gland
Epinephrine and norepinephrine
Sympathetic nervous system control  Cortex
Derived from neural crest

Medulla

kidney

OpenStaxCollege/Wikipedia

Boards&Beyond.
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Signal Transmission

ACh ACh

Parasympathetic
Cardiac and smooth muscle,

gland cells, nerve terminals

Medulla

Sympathetic
Sweat glands

Sympathetic
Cardiac and smooth muscle,
gland cells, nerve terminals

Sympathetic
Renal vasculature,
smooth muscle

Spinal
cord

Somatic
Skeletal muscle

Voluntary motor nerve

Use with permission,KatzungBG, Basic and Clinical Pharmacology,1l@d. New York, McGraw Hill, 2007

BoardssBeyond.
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Mineralocorticolds

AMost important is aldosterone
A Key effects on kidney function

A Release controlled by RAA system
Renin-angiotensin -aldosterone

Alncrease Na/Water resorption
APromote K+/H * excretion

Corticosterone 11-deoxycorticosterone .



Collecting Duct

Lumen (Urine) / Principal Cell \ Nar Interstitium/Blood

R "N T\D

Aldosterone K+ Aldosterone {

20

1 H

; Intercalated Cel<

Aldosterone
H*
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Adrenal Androgens

A Small contribution to androgen production in males
A~50% androgens for females

A Clinical relevance:congenital adrenal hyperplasia
Over/underproduction A abnormal sexual development

A Production stimulated by ACTH (like cortisol)

Dehydroepiandrosterone

Testosterone i
(DHEA) Androstenedione
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Cortisol

AMajor glucocorticoid
A Synthesized by adrenal cortex

ABinds to intracellular receptors (cytosol)
Glucocorticoid receptor (GR)

ATranslocates to nucleus
A Activates/suppressesgene transcription

SSSSSSSSSSS

Cortisol




Pituitary -Adrenal AxIs

A Controls cortisol secretion

AHyp()thalamUS: CRH e HFPﬂthﬂlﬂl“llS
Corticotropin releasing hormone 1 CRu
Paraventricular nucleus(PVN)

A Anterior pituitary: ACTH © > Pituitary Gland
Adrenocorticotropic hormone ACTH
Acts on adrenal gland
cCAMP/PKA 29 messenger Adrenal Cortex

AAdrenaI: Cortisol 'I: \Glumcc:-rticc::ids

DrosenbachWikipedia

Boards&Beyond.
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Circadian Rhythms

ASerum cortisolhighest early morning (about 6 AM)
10 to 20mcg/dL

A Lowest one hour after sleep onset
Less than Smcg/dL

ATesting rarely done with single blood test
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Cortisol Binding Globulin ,,_ )7
0
A Cortisol poorly soluble in plasma 0 ‘0 "

Cortisol

AMost (>90%) serum cortisol bound to CBG
A, AOAT O n AOOOI CAI

STUDY SMARTER
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Cortisol

Hormone Effects

Cortisol

AMaintains blood pressure
Effects on vascular smooth muscle
Increases vascular sensitivity [ 1) to norepi/epi
s ./ [T AAEAOAA OAOI AEI AOET 1

v AT OOEOT 1 d EUDPAOOAT OEIT 1

N

A AT OOEOI 1 4 EUDI OAT OEIT 1

/
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Cortisol

Hormone Effects

Cortisol

A Suppressesmmune system

A Sequester lymphocytes in spleen/nodes
Reduce T and B cell levels in plasma

A Block neutrophil migration
DAOEDPEAOAI 1T AOOOI PEEI AT Ol
AMast cells: blocks histamine release
As AT OET 1T BPEEI AT Ol OO
A Basis for steroids as immunosuppressive drug therapy
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Cortisol

Cortisol

Alnactivate NF-KB
Key inflammatory transcription factor
Mediates response to TNH
Controls synthesis inflammatory mediators
COX2, PLA2, Lipoxygenase

Boards&Beyond.
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Cortisol

Triamcinolone .
Betamethasone Hydrocortisone
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Cortisol

Effects

Cortisol

AMore glucose produced by liver
n OUT OE A OE Qho$pHatase] FERAKOA ¢
'gluconeogenesis

A Less glucose taken up peripherally (muscle, fat)

A Net results: OAOOI cCciI OAT OA

AMore glycogen storage in liver
n  OUIT O gybagdn Gynthade
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Cortisol

Effects

A Activation of lipolysis in adipocytes
nw MEOAA EAOOU AAEAO
O OA1 AEIT 1 AOOAOI 1 h
A Stimulate adipocyte growth
AKey effect:fat deposition

STUDY SMARTER

Cortisol
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Cortisol

Effects

AEnhanced effects of glucagon, epinephrine
A Leads toinsulin resistance
ALong term steroid use:diabetes

STUDY SMARTER
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Cortisol

Effects

AMuscle atrophy
A Skin effects

Blunted epidermal cell division in skin

5 AT 11 ACATh ETEEAEOEITI

Net effects:Thin skin, easy bruising, striae

A Bones: Inhibits osteoblasts
SteroidsA osteopenia and osteoporosis

STUDY SMARTER

Cortisol
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Zones of the Adrenal Glands

B o St

v WEBN .

T e
S

Boards&Beyond_ JpogiWikipedia /Public Domain
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Zones of the Adrenal Glands

Tissue area Hormones released Examples
:I- Zona glomerulosa — Mmeralcortl_cmds — Aldosterone
(adrenal cortex) (regulate mineral I
balance)
- Zona fasciculata ——= Glucocorticoids ——  Cortisol
(adrenal cortex) (regulate glucose Corticosterone
metabolism) |_Cortisone
= Zodna re:lcul?ns — Ar:.dro'getns Dehydroepian-
(adrenal cortex) (s imulate drosterone
masculinization) i
- Adrenal medulla ——= Stress hormones —{ Epinephrine
(stimulate | Norepinephrine

sympathetic ANS)

LLY Boards&Beyond.
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Zona Glomerulosa

3-r hydroxysteroid

o Dehydrogenase o
. / ...... H
Yoot - h
HO o)

Pregnenolone Progesterone

21-) hyd roxylase'

Corticosterone 11-deoxycorticosterone




Zona Glomerulosa

3-r hydroxysteroid
o Dehydrogenase

Cholesterol Pregnenolone Progesterone

21-) hyd roxylase'

Angiotensin Il
OH j
o ° ©
Aldosterone |,
,4 Synthase

i

Aldosterone Corticosterone 11-deoxycorticosterone
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Zona Glomerulosa

ACTH 3-r hydroxysteroid
j o Dehydrogenase
e

Desmolase

as

.@ H HO
HO

Cholesterol Pregnenolone Progesterone

Angiotensin Il

OH j
o © ©
Aldosterone

;: Synthase

i

21-) hyd roxylase'

HO

Aldosterone Corticosterone 11-deoxycorticosterone
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Wikipedia /Public Domain

Boards&Beyond
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Pregnenolone Progesterone

Zona Glomerulosa
Zona Fasciculata +<— 17-] hydroxylase—
0 O
woH 3-[ hydroxysteroid ('OH
“. Dehydrogenase 0.
HO ©
17-Hydroxypregnenolone 17-Hydroxyprogesterone

21-) hydroxylase

Cortisol 11-Deoxycortisol

BoardssaBeyond
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17-Hydroxypregnenolone 17-Hydroxyprogesterone

Zona Fasciculata

Zona Reticularis l<——— 17, 20lyase —»l
? 3-r hydroxysteroid

Dehydroepiandrosterone Androstenedione
(DHEA)

-
BOardS&Beyond_ estosterone
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Mineralocorticoids Glucorticoids

Zona glomerulosa Zona fasciculata Zona reticularis

Adrenal cortex

Boards&Beyond_ Matthew ColoWikipedia
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Ketoconazole Oﬁ """ A

| 0
A Antifungal
A Blocks ergosterol synthesis in fungi
A Potent inhibitor of 17,20 lyase
5 AT AOT OOAT AAET T ATOAOOT OOAOIT I
Key side effectgynecomastia
A Also inhibits 17-alpha hydroxylase desmolase

Blocks cortisol synthesis
#Al AA OOAA OI OOAAO #OOEEI CbH
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Congenital
Adrenal Hyperplasia

n Ryan, MD, MPH
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CAH

Congenital Adrenal Hyperplasia

AEnzyme deficiency syndrome

A Loss of one of the four enzymes for cortisol synthesis
21-] hydroxylase
11-r hydroxylase
17-) hydroxylase
3-r hydroxysteroid dehydrogenase
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Mineralocorticoids Glucorticoids

Zona glomerulosa Zona fasciculata Zona reticularis

Adrenal cortex

Boards&Beyond_ Matthew ColoWikipedia
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CAH

Congenital Adrenal Hyperplasia

=== - -m-—————- -+ Cholesterol

Aldosterone Cortisol

STUDY SMARTER

Androgens




CAH

Congenital Adrenal Hyperplasia

AAIl result in low cortisol
AStimulates ACTH release
A# AT AAOOA v POl A
Mineralocorticoids
Androgens

#1OBEON T #at— |\ 0 i

STUDY SMARTER
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Adrenal —— W _doitisol

hormone synthesis




Low Cortisol
Signs/Symptoms

AHypoglycemia
ANausea/vomiting

STUDY SMARTER




Aldosterone
Signs/Symptoms

A Deficiency
Na lossA water loss
HypovolemiaA shock
Hyperkalemia
n  OAT EI
AExcess
Na retention
Hypertension
Hypokalemia
5  OAT EI
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Androgens
Signs/Symptoms

A Depend on chromosomal sex of child (XX/XY)

AExcess androgens
Female (XX)Ambiguous genitalia
Male (XY): Precocious (early) puberty

AAndrogen deficiency
Female (XX): Normal genitalia
Male (XY): Female or ambiguous genitalia

SSSSSSSSSSS




Ambiguous Genitalia

AFemales (XX) with excess androgen exposure
AMales (XY) with deficient androgen exposure

Diabetic fetopathy associated with bilateral adrenal hyperplasia and ambiguous genitalia: a case report
Journal of Medical Case Repar008;2 : 251. doi:10.1186/1752-1947-2-251 .

Boards&Beyond.
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http://www.jmedicalcasereports.com/content/2/1/251

ACTH Effects

AHigh ACTH can casskin hyperpigmentation

AMelanocyte stimulating hormone (MSH)
Common precursor protein in pituitary with ACTH

Mmoo 1 A1 AT ET OUI OEAOEO

Proopiomelanocortin
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21-) Hydroxylase Deficiency

-------------- -+ Cholesterol
I

/N

Aldosterone Cortisol Androgens
|

____________________
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21-) Hydroxylase Deficiency

N # 4

-------------- -+ Cholesterol
I

FEN

Aldosterone Cortlsol Androgens

____________________
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21-] Hydroxylase Deficiency

AClassic cause of CAH (90% of CAH)
A Low cortisol symptoms
A Low mineralocorticoid symptoms

A Excess androgen symptoms

Girls (XX):ambiguous genitalia

Boys (XY): precocious puberty (early onset)
AVariable symptoms based on enzyme levels

Classic form: 0 to 2% normal enzyme activity
Non-classic forms: 2050% normal enzyme activity
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21-) Hydroxylase Deficiency

Type Clinical Features
Nausea/Vomiting
Classic, Volume depletion
Salt-losing Hyperkalemia
7 to 14 days
Milder Females: Ambiguous genitalia
Forms Males: Precocious puberty

STUDY SMARTER



11-r Hydroxylase Deficiency

N # 4

=== - -m-—————- -+ Cholesterol

|

: /
|

I 11-

: deoxycorticosterone
|

|

|

|

|

|

|

|

|

Aldosterone >K Androgens
Cortisol
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11-r Hydroxylase Deficiency

ASimilar to 21-4 hydroxylase deficiency
Low cortisol symptoms
Girls: ambiguous genitalia
Boys: precocious puberty

AOne exception: | EIT AOAIT T AT OOEATI E
' dgoxycorticosterone (weak mineralocorticoid)
AHypertension

AHypokalemia
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17-) Hydroxylase Deficiency

N # 4

-------------- -+ Cholesterol
I

AN

Aldosterone Cortlsol Androgens

____________________
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17-) Hydroxylase Deficiency

ACytochrome P450c17enzyme (CYP17A1)
AFound in adrenal glands and gonads

A Catalyzes two reactions
17-hydroxylase
17,20-lyase
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17-) Hydroxylase Deficiency

ALow cortisol
A%BAAOO | ET AOAT T ATl OOEAT EAO
ALow androgens

CYP17A1 : adrenal gland and gonads
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17-) Hydroxylase Deficiency

AMales (XY):

Female or ambiguous external genitalia
Absent uterus/fallopian tubes (Sertoli cellsA MIH)
Undescended testes
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17-) Hydroxylase Deficiency

AFemales (XX):
Normal at birth
Primary amenorrhea at puberty
Theca cells lack of androgeng, 8¢ A OOOAAET |

A Oftendiagnosed at puberty
XX female fails to develop
XY phenotypic female or male fails to develop
Hypertension, low K identified

STUDY SMARTER




3-[ Hydroxysteroid
Dehydrogenase Deficiency

N # 4

-------------- -+ Cholesterol
I

FEX

Aldosterone Cortlsol Androgens

____________________
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Disorders of Sex Development

Ambiguous Genitalia

— ™~

46, XX 46, XY
Excess Androgens Lack of androgens
Often CAH Synthesis/Effect

Rarely due to CAH
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CAH Screening

ASome states screen with newborn blood testing

AMeasure level of 17-Hydroxyprogesterone
Elevated level in 21] hydroxylase deficiency (most common)
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CAH Treatment

AMany forms treated with glucocorticoids

A Replenishes cortisol

ALowers ACTH

A Stops overproduction of other hormones

A Can also usenineralocorticoids (fludrocortisone)
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Adrenal Disorders

Jason Ryan, MD, MPH
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Adrenal Disorders

AExcess cortisol
Alnsufficient cortisol
AExcess mineralocorticoids
ATumors

STUDY SMARTER
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# OOEEI C6 0O 3UI A

A Syndrome of clinical features due t@xcess cortisol

AMost common causecorticosteroid medication
Often prescribed for inflammatory conditions
l.e. daily prednisone for lupus

A# O O E Hike@%®: ®ituitary ACTHsecreting tumor
/ITA AAOOA 1T £ #OOEEIT C80O OUI AOI
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# OOEET C6 0O
Excess Cortisol Effects

AHypertension

AHyperglycemia

A Diabetes (insulin resistance)

Almmune suppression
Risk of infections, especially opportunistic

STUDY SMARTER




# OOEET C8 O
Excess Cortisol Effects

A Cortisol alters GnRH releasd, ©

AMenstrual irregularities in women
Abnormal cycles (80%)
Oligomenorrhea(~30%)
Amenorrhea (~30%)

AHirsutism of face in women
AMales: Erectile dysfunction

STUDY SMARTER
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Excess Cortisol Effects

#OOEEI C80 30

A Stimulation of adipocytesA growth
A Progressive central obesity
AFace, neck, trunk, abdomen
AO-T 11 AEAAAOG
A"Buffalo hump"

Fat mound at base of back of neck;

Homini/ Flikr
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Skin Changes

AThinning of skin
A Easy bruising
A\ Striae: Stretch marks
Purple lines on skin
Fragile skin stretches over trunk, breasts, abdomen

Thin skin cannot hide venous blood in dermis
Commonly occur on sides and lower abdomen

STUDY SMARTER




# OOEEI C6O 3UI A

Causes

AACTHET AAPAT AAT O 81 #4(Q
Glucocorticoid therapy
Adrenal adenoma

AACTHAADAT AAT O w1 #4(Q
# OOEETI C6 0O AEOAAOA j PEOOEOAOU
Ectopic ACTH (small cell lung cancer)
W1 # #(adrenal hyperplasia A M AT OOEOT |
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# OOEEI C6O 3UI A

Causes

A Special noteskin hyperpigmentation
Canoccurin ACTHRADAT AAT O #OOEET €8O
# AOOAA AU w 1 #4( 110 AT OOEOI I
o H#AANC - 3 (




# OOEEI C60O0 3UI A
Diagnosis

AMeasuring plasma cortisol difficult
ACircadian rhythm A high levels in AM
AMost cortisol bound to CBG

ACBG levels can affect serum measurement

STUDY SMARTER




# OOEEI C6O 3UI

Diagnosis

A24-hour urine free cortisol
Integrates cortisol level over time

A Salivary cortisol
No cortisol binding globulin in saliva
Free cortisol level measured at night (should be low)
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# OOEEI C60O0 3UI A
Diagnosis

ALow dose dexamethasone suppression test
pi ¢ AAGAT AOGEAOTTA jOI T x Al OA6d
Suppresses normal pituitary ACTH release
Morning blood test
Cortisol level should be low (suppressed)
Cortisol OAT AET O EECE EI #OOEEI C06O
Adenomas, tumors do not suppress cortisol production
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#OOEET C80 3UI
Diagnosis

AB3OAD pd %OOAAI EO
A Step 2: Establish cause

AKey test is serum ACTH level

m;
Run
O
O
m/
Mk
—_—)
O

ACTH-Dependent Causes ACTH-Independent Causes
(High ACTH) (Low ACTH)

Steroid therapy
Adrenal adenoma

Cushing’s disease
Ectopic ACTH

STUDY SMARTER



High Dose Dexamethasone

ALow dose testing (1mg)

Used toestablish diagnosis | £ # OOEET C6 O OUI
AHigh dose dexamethasone test (8mg)

Differentiate causes | £ EECE
7EIl OOPPOAOO Al OOEOI I

| # 4 (

Will not suppress cortisol from ACTH tumors

AM Cortisol After Dexamethasone

# OOEEI

ET

Low Dose High Dose

Normal U J
Pituitary Adenoma )
ACTH Tumor
BoardssaBeyond
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# OOEEI C6O 3UI

Treatment

ASurgery
Removal of adenoma (adrenal gland, pituitary)
Removal of lung tumor

A Ketoconazole

STUDY SMARTER




o g 0’> ...... P NCN_(
Ketoconazole @ 0

A Antifungal
A Blocks ergosterol synthesis in fungi

A Also blocks 15t step in cortisol synthesis
Desmolasgside chain cleavage)

A# A1 AA OOAA O OOAAO #OOE
A Also potent inhibitor androgen synthesis
Key side effect: gynecomastia

‘@ 7 Desmolase HO
HO

Cholesterol Pregnenolone

Cortisol
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Adrenal Insufficiency

AInsufficient cortisol production
APrimary AAOAT Al EIl OOZEZLEEAEA
Failure of adrenal gland

Cortisol and aldosterone will be low
ACTH will be high

A Secondary adrenal insufficiency
Failure of pituitary ACTH release
Only cortisol will be low

SSSSSSSSSSS




Adrenal Insufficiency
Symptoms

A Loss of cortisol
Weakness, fatigue
Weight loss
Postural hypotension
Nauseaabdominal pain, diarrhea
Hypoglycemia

A Loss of aldosterone
Potassium retentionA hyperkalemia
H+ retention A acidosis
Sodium loss in urineA hypovolemia

STUDY SMARTER




ACTH Effects

AACTH is high in primary adrenal insufficiency
AThis leads toskin hyperpigmentation

AMelanocyte stimulating hormone (MSH) shares
common precursor protein in pituitary with ACTH

Mmoo 1Al AT ET OUI OEAOEO

Proopiomelanocortin

SSSSSSSSSSSS




P a N — Vd N

I AAEOIT 1 60 (UB

A Generalized hyperpigmentation

AMost obvious in sunrexposed areas
Face, neck, backs of hands

A Also areas of friction/pressure
Elbows, knees, knuckles,

AMay occur is palmar creases

A Classic scenario:
Gl symptoms (nausea, pain)
Darkening skin

Wikipedia/Public Domain
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Adrenal Crisis

A Acute adrenal insufficiency

A Abrupt loss of cortisol and aldosterone

AMain manifestation isshock

AHypoglycemia

A Other symptoms: nausea, vomiting, fatigue, confusion

Al FOAT xEAT AAOOCA »n AAOAT A
Infection, surgery, trauma in patient with adrenal insufficiency

Patients on chronic steroids
O300A0O AT OA OOAOT EAOSG A1 O bC
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I AAEOI | 00O
Common Causes
A Autoimmune adrenalitis

Antibody and cellmediated disorder
Antibodies to 21-hydroxylase commonly seen
Atrophy of adrenal gland
Loss of cortex
Medulla is spared
AlInfections
Tuberculosis
Fungal (histoplasmosis, cryptococcus)
CMV

ARare: tumor metastasis especially lung

SSSSSSSSSSS
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Metastasis from Lung Cancer

AAdrenals
Usually found on imaging without symptoms

ABrain
Headache, neuro deficits, seizures

ABone
Pathologic fractures

ALiver
Hepatomegaly, jaundice
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Waterhouse-Friderichsen
Syndrome

ARare cause of acute adrenal insufficiency
ACaused by acutdiemorrhage into adrenal glands
A Associated withmeningococcemia

A Clinical scenario
Patient with bacterial meningitis
Acute onset of shock

Xishan01/Wikipedia
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2° Adrenal Insufficiency

AMost common causeglucocorticoid therapy
A Chronic suppression ACTH release
A Leads toadrenal atrophy over time
ASudden discontinuationA hypoadrenalism

STUDY SMARTER




2° Adrenal Insufficiency

A" AOEO £ O OxAATET Co 1T ££& O
Slow discontinuation over time
At AOEO &£ O OO0O0AOO Ai OA 00
Patients on chronic steroids with infection, trauma, surgery
Risk of adrenal crisis
High dose of glucocorticoids administered
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2° Adrenal Insufficiency

Important Points

ANo skin findings
ACTH is not elevated

ANo hyperkalemia
Aldosterone not effected
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Adrenal Insufficiency

Diagnostic Tests

A 8 AM serum cortisol
Levels should be highest at this time
Low level indicates disease

ASerum ACTH

High ACTH with low cortisol = primary disease
Low ACTH with low cortisol = secondary disease

STUDY SMARTER




Adrenal Insufficiency

Diagnostic Tests

Al #4 ( OOEI| Olcdsyntopih O @AIO OO0 A @O
Exogenous ACTH administered
Cortisol should rise 3660 minutes later
Failure to rise = primary adrenal insufficiency
Normal rise = secondary disorder
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Primary Aldosteronism

Mineralocorticoid Excess

AHypertension , classically at a young age
AHypokalemia

Weakness, muscle cramps
Unreliable finding A many cases with normal K

AMetabolic alkalosis
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Primary Aldosteronism

Most common causes

A Bilateral idiopathic hyperaldosteronism (~60%)

A Aldosterone-producing adenoma (~30%)
31T T AOET A0 AATTAA #111680 OUT AC
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Primary Aldosteronism

Diagnosis

A Plasma aldosterone concentration (PAC)

APlasma renin activity (PRA)
Plasma incubated
Renin cleaves angiotensinogen in plasma
Angiotensin | producedA measured by assay

As 02! AT A v o!'# E OOEI AOU
Amo 02! AT A v oty E 3AAITTAA
Renal artery stenosis, CHF, low volume
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Primary Aldosteronism

Diagnosis

AAbdominal imaging for adrenal nodules/tumors

A Adrenal vein sampling
Differentiates unilateral vs. bilateral disease
Measure PAC and PRA in each vein
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Primary Aldosteronism

Treatment

ASurgical adrenalectomy
Adenomas
Unilateral hyperplasia

A Spironolactone
Drug of choice
Potassiumsparing diuretic
Blocks aldosterone effects
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Licorice

A Containsglycyrrhetinic acid (a steroid)
Weak mineralocorticoid effect ——
Inhibits renal 11-beta-hydroxysteroid dehydrogenase

ALarge amountsA Hypertension, hypokalemia
A Plasma aldosterone level low

11-beta-hydroxysteroid
dehydrogenase Cortisone

Cortisol

Ll BoardsaBeyond
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http://flickr.com/photos/91687216@N00

Pheochromocytoma

A Catecholaminesecreting tumor
Secrete epinephrine, norepinephrine, dopamine

A Chromaffin cells of adrenal medulla
Derivatives ofneural crest
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Pheochromocytoma

AClinical presentation
Classicallyepisodic symptoms
Hypertension
Headaches
Palpitations
Sweating
Pallor (pale skin)
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Pheochromocytoma

Diagnosis

ASerum catecholamine levels not routinely used
Levels fluctuate
Some metabolismntratumoral

A Breakdown products ofcatecholaminesmeasured
Usually via 24 hour urine collection
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Pheochromocytoma

Diagnosis
HO OH
O
/ Coh

MAO OH

NH,

OH COMT O

MAO/ OH
| Homovanillic
O NH_ Acid
;O/\/ (HVA)
HO

Monoamine Oxidase (MAO)
Catechol-O-methyltransferase (COMT)
BoardssaBeyond
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Pheochromocytoma

Diagnosis

_ _ COMT _
Norepinephrine » Normetanephrine

M$ Mm

Dihydroxymandelic COMT_ o Vanillyimandelic

Acid acid (VMA)
My

MAO/I
COMT

Epinephrine » Metanephrine
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Pheochromocytoma

Diagnosis

AMetanephrines often measured for diagnosis
Metanephrine and normetanephrine
24hour urine collection or plasma

AOlder test: 24 hour collection of VMA

STUDY SMARTER




Pheochromocytoma

Treatment

A Definitive therapy: Surgery

A Pre-operative management:
Phenoxybenzamine (irreversible | blocker)
Non-selective beta blockers (propranolol)
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Paraganglioma

A Catecholaminesecreting tumor
A Arise from sympathetic ganglia €xtraadrenal)
A Similar clinical presentation to pheochromocytoma
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Neuroblastoma

ATumor of primitive sympathetic ganglion cells
Also derived from neural crest cells

A Can arise anywhere in sympathetic nervous system
Adrenal gland most common (40 percent)
Abdominal (25 percent)
Thoracic (15 percent)

AAlmost always occurs irchildren
39 most common childhood cancer (leukemia, brain tumors)
Most common extracranial tumor
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Neuroblastoma

A Symptoms related to tumor mass effect
Commonly present as abdominal pain

A Can synthesizecatecholamines
Rarely cause symptoms like pheochromocytoma
Urinary HVA/VMA levels used for diagnosis
A Rare feature:Opsoclonusmyoclonus-ataxia (OMA)
Rare paraneoplastic syndrome
Rapid eye movements, rhythmic jerking, ataxia
Half of OMA patients have a neuroblastoma
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Neuroblastoma

A Diverse range of disease progression

AKey risk factor: Age at diagnosis
Infants with disseminated disease often cured
Children over 18 months often die despite therapy
Younger age = better prognosis

AN-myc
Proto-oncogene
Amplified/overexpressed in some tumors
Associated with poor prognosis
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NH

M | BG e /”\

N~ NH,
Metaiodobenzylguanidine H

. _ . MIBG
A Chemicalanalog of norepinephrine

A Diagnosis of pheochromocytoma & neuroblastoma
A Concentrated in sympathetic tissues

A Labeled with radioactive iodine (131

AWill concentrate in tumors A emit radiation

A Special note: thyroid gland must be protected
Simultaneous administration ofpotassium iodide
Non-radioactive iodine

Will be taken up by thyroid instead OH
NH,
OH
Boards&Bexggg Norepinephrine




Adrenal Adenomas

A Often discovered on abdominal imaging
O! A OikdidAntalomad
A Concern for malignancy and/or functioning adenoma
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Adrenal Adenomas

AMay secrete cortisol or aldosterone

A Common functional tests
24 hour urine metanephrines (pheochromocytoma)
¢t EI OO OOET A EOAA Al OOEOI |
, I x Al OA AAgGAI AOEAOIT A 0O0OPDO
Serum PRA/aldosterone (aldosteronism)
A Often followed for growth over time (non-functional)

AlLarge (>5cm) often removed
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Endocrine Pancreas

Jason Ryan, MD, MPH
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Pancreatic Islets

Islets of Langerhans

AMillions of islets found in pancreatic tissue
A Endocrine portion of pancreas

A Beta cells: Insulin
Most abundant cell type
Centrally located

AAlpha cells: Glucagon
A Delta cells: Somatostatin
A Alpha/delta cells: Outer islet

Polarlys/Wikipedia
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Insulin

A Protein hormone
A Synthesized bybeta cells

A Synthesized as preproinsulin
Made by ribosomes of rough endoplasmic reticulum

APreproinsulin cleaved toproinsulin
Transported to Golgi apparatus

A Packaged into secretory granules
Proinsulin cleaved to insulin and Gpeptide in granules
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Insulin Structure

A Alpha chain

ABeta chain

A Disulfide bridges

A C-peptide
d#i1 11 AAOET Cb
Long halflife
Indicator insulin production
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Insulin Release

GLUT 2
mis

'll
Respiration

Glucose ——

—_—
—
—_—

Glucokinase
ATP
Production
PrisonbluegWikipedia
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GLUT2 and Glucokinase
Both in liver/pancreas

T KLATP
- |-
g ‘I

+ATP:ADP ratio closes

K,., channel,

causing depolarisation

\VII

Voltage
k/"‘ ~— Gated
Ca** - Ca®*
l Channels

/
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Exocytosis of stored insulin




Insulin Release

AProduced in response toglucose, amino acids

H.: O H

?4
H¥?—0H

Hoi?—H H
H—C—OH

5 | H
H—C—OH
"“CH,OH

R

Glucose Amino Acid

Wikipedia/Public Domain
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Insulin Release

AProduction inhibited by epinephrine
Betac OAAADPOI OOq “ EIT OOI EI
Alpha¢ OAAAPDPOI O0q ¥ ET OOI ET OAI
Alpha effect is dominant effect in pancreas
Fight or flight responseA ¥  BI1 AOI A CI OAIT OA
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Glucokinase

A Beta cell enzyme

Glucose
A1ststep of glycolysis ATP
AFound in liver and pancreas >
Alnduced by insulin ADPZ |,
Alnsulin promotes transcription Glucose6-phosphate

AHigh Km (rate varies with glucose)
AHigh Vm (can convert lots of glucose)
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GLUF2 Transporter

ABidirectional glucose transporter

AFound in liver, kidney, beta cells
Liver, kidney: Quconeogenesis
Beta cells: Glucose in/out based on plasma levels

AAlso found in intestine, other tissues
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Insulin Release

Key Points

AGlucose into beta cells via GLUZ
AGlucosep G-6P via glucokinase

AATP producedA Closure of K channels
A Depolarization

AVoltage-gated calcium channels open
ACalciumA insulin release from vesicles
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Insulin Receptor Tetramer

1 .</ Insulin Two J units
Two  units

ﬁ Disulfide bonds
[ ﬁ

Step 1: Insulin Binding
| AOEOAOAO 0O4UOI OENA +ETAO
within receptor complex

\ O4UOT OET A +EI A(’)j\ 2AAADO

STUDY SMART] ER




Insulin Receptor o

NH-

HO
/-\ Tyrosine

Ty Ty

|
P P

Ty Ty

Step 2: Tyrosine Phosphorylation
Receptor phosphorylates itself
\ O! OOl bEI ()DETj‘ Ul AOCEI
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Insulin Receptor

v Y

P P

Step 3: Binds Substrates
IRS: Insulin receptor substrate
IRS1, IRS2, etc.

\ Mediate downstream effects /
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Insulin

Receptor

-

(

\_

Ty T
=1 >

P P

Step 4: Downstream Signaling
Option 1: PIK3 Pathway
Option 2: RAS/MAP Kinase Pathway

/
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PIK3 Pathway

Phosphatidylinositol 3zkinase Pathway

Alntracellular lipid kinases

AOET OPEIT GhydrodyyfoupmiBphospholipids
Forms PIR, from PIP,

Phosphatidylinositol
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PIK3 Pathway

Phosphatidylinositol 3zkinase Pathway

A Catalyzes many intracellular processes
Glycogen formation
Fatty acid synthesis
GLUT-4 glucose transporter

[Glucose]

&

4

[Glucose]
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GLUF4 Transporter

A Stored in vesicles in cells, especially muscle
Alnsulin A PIK3 pathwayA GLUT4 Activation
AMajor mechanism for increased glucose uptake
Almportant muscle/fat

Alnsulin exposureA GLUT4 on surface

[Glucose]

[Glucose]
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RAS/MAP Kinase Pathway

Alnsulin receptor can activate RAS
G protein

ARAS can activate many growth pathways
Raf
MEK (mitogenactivated extracellular kinase)
MAP (mitogenactivated protein)

AModify cell growth andgene expression
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Insulin Receptor
Key Points

ATetramer of |/ 1 subunits with disulfide bridges
] . extracellular
[ : transmembrane

Alnsulin binding A tyrosine kinase activity

A Autophosphorylation of tyrosine residues

APIK3 PathwayA GLUT-4 glucose transporter
ARAS/MAP Kinase Pathway: growth/gene transcription
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Insulin Dependent Organs

AMuscle and fat
Use GLU¥4 for glucose uptake
Depend on insulin (no insulin = no GLUT4)

[Glucose]

&

4

[Glucose]
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Insulin Independent Organs

ABrain and RBCs
UseGLUT-1 for glucose uptake
Not dependent on insulin
Takes up glucose when available
RBCs: No mitochondria (depend on glycolysis)
Brain: No fatty acid metabolism (glucose/ketones)

ALiver, kidney, intestines
Also insulin independent (GLUT2)

A Other organs: nerves, lens
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Insulin Effects

AGlucose uptake (skeletal muscle, adipose tissue)
A Glycogen synthesis

Activates glycogen synthase

Inhibits glycogen phosphorylase
AlInhibits gluconeogenesis

n & O O26hisphdsphate levels

Inhibit Fructose 1,6bisphosphatasel
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Insulin Effects

AFatty acid synthesis
Activates acetytCoA carboxylase
Inhibits hormone sensitive lipase

A Protein synthesis
Stimulates entry of amino acids into cellgy protein synthesis
Important for muscle growth

AKey side effect insulin therapy: weight gain
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Hormone Sensitive Lipase

ARemoves fatty acids from TAG in adipocytes
A Inhibited by insulin
A Activated byglucagon and epinephrine

O Fatty Acid

HOM\/\/\/\/\/\/\

(o]
“=°—°MVW\A Hormone
| AAAAASAANAS Sensitive
HC—O .
| 0 9_ 12_ 15_ 5 LlpaSe
HC—0" Y

Triacylglycerol OH
—_— |iver

Boards&Beyond. Glycerol
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Insulin Effects

ANa* retention
Increases Naresorption in the nephron

A Lowers potassium
Enhanced activity of NaK-ATPase pump in skeletal muscle
Insulin plus glucose used in treatment ofyperkalemia

A Inhibits glucagon release
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Glucagon

A Protein hormone

A Single polypeptide chain

A Synthesized byalpha cells

AOpposes actions of insulin

AMain stimulus release: low plasma glucose
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Glucagon

Alncreases liver (not muscle)glycogen breakdown
Raises blood glucose level

Alncreasesgluconeogenesis
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Glucagon

Alncreasesamino acid uptake in liver
More carbon skeletons for glucose via gluconeogenesis
Plasma amino acid levels fall

A Activates lipolysis viahormone sensitive lipase

Boards&Beyond.
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Glucagon Receptor

A G-protein receptor __ Goprotein
A Activates adenylyl cyclase | Receptor
AlncreasescAMP

G-protein

2"d Messenger
RR Boards&Bexggg LYF3SY &' Of A-rotdink 8 @proteirO e 2.0 $ R DNB O Jakiich N&




Glucagon Receptor

A Glucagon receptorsmostly in liver
Many activated processes occur in liver
Breakdown of glycogen to raise plasma glucose
Gluconeogenesis

A Most other tissues have lower density than liver
ANot found in skeletal muscle

Watanabe M, et al. Histologic distribution of insulin and glucagon receptors.
Brazilian Journal of Medical and Biological Research (1998) 31: 24£%6
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Hypoglycemia

AUnconscious patient with hypoglycemia

ATreatment:
#1: IV dextrose
#2: Intramuscular glucagon

AUseful when IV access cannot be established
A Raises plasma glucose level
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Beta Blocker Overdose

ACauses bradycardia and hypotension

ADrug of choice:Glucagon
Activatesadenylyl cyclase
Different site from beta-adrenergic agents
RaisescAMRA W | UT AUOA AAI AEOI
Same mechanism as beta stimulation (via Gs proteins)
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Insulinoma

A Rare, pancreatic isletcell tumor
AOccurs in adults (median age ~50 years)

AKey feature:fasting hypoglycemia
Insulin levels remain elevated when fasting

AO. AOGOT C1 UAT PAT EA OUI bOI

Confusion, odd behavior

A Sympathetic activation from low glucose
Palpitations, diaphoresis, tremor
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Insulinoma

ADiagnosis: fasting insulin level

AAlso elevated
C-peptide
Proinsulin
ANeed to exclude exogenous insulin administration
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Fasting Hypoglycemia

A Differential diagnosis
A Exogenous insulin

pd

A Oral hypoglycemics (sulfonylureash ¥ ET1)O0O0I1 E1
A Insulinoma

Exogenous : Oral
: Insulinoma :
Insulin Hypoglycemics
Insulin + + +
C-peptide -- + +
Hypoglycemic +
Agent Screen o o

BoardssBeyond.
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Glucagonoma

A Rare pancreatic tumors
A Excess glucagon secretion

A Leads toglucose intolerance
Elevated fasting glucose levels
Rare to develop DKA (insulin function intact)
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Glucagonoma

AWeight loss

Liver gluconeogenesis
Consumption of proteins/amino acids
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Glucagonoma

ANecrolytic migratory erythema
Red, blistering rash
ltchy, painful
Fluctuates in severity
Genitals, buttocks, groin

AKey clinical scenarionew diabetes and rash
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Glucagonoma

ASEACI T OEOd “ PI AOI A Cl OAA
ATreatment: somatostatin analogs (octreotide)

Inhibit glucagon secretion
Improves symptoms
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MEN Syndromes

AMultiple endocrine neoplasia

A Rare inherited disorders

ANumerous endocrine tumors

AMEN Type 1: Insulinomas/ glucagonomas

o 060d OEOOEOAOURh OAOAOQOEUOI EA
Mutations of MEN1 tumor suppressor gene
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Diabetes

Jason Ryan, MD, MPH
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Diabetes

AChronic disorder ofelevated blood glucose levels
ACaused by:

Insufficient insulin
)1 OOFEFEAEAT O OAODPI 1T OA Ol
Both
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Diabetes Symptoms

A Often asymptomatic
O3EI AT O EEIT AO6S
Often no symptoms until complications develop
Basis for screening

A Classic hyperglycemia symptoms
Polyuria (osmotic diuresis from glucose)
Polydipsia (thirst to replace lost fluids)
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Terminology

ADiabetes Mellitus

Mellitus = sweet
Common disorder of blood glucose

A Diabetes insipidus
Insipid = lacking flavor
Rare disorder of low ADH activity

A Both can cause polyuria, polydipsia
ACompletely different mechanisms
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Diabetes Diagnosis

A Symptoms
A Symptoms plus glucose >200mg/d| = diabetes

A Asymptomatic
A Fasting blood glucose level (no food for 8 hours)

State Fasting plasma glucose

Normal <100mgl/dl
Pre-diabetes 100 to 125mg/dl
Diabetes >=126mg/dl
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Hemoglobin A1C

A3T A1l AEOAAOQEIT T 1T A&
Glucose combines with alpha/beta chains

ASubfractionHbAlc used in diabetes

Non-enzymatic glycation ofoeta-chains
Occurs at amineterminal valines

H\é¢o /\
H—C—OH
HO—C—H NH2
H—“c::—OH
H—C—OH
GcleQOH
Glucose
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Hemoglobin A1C

A Reflects average glucose over past 3 months
Normal < 5.7%
Pre-diabetes: 5.7 t0 6.4%
Diabetes: >=6.5%

A Sometimes used for diagnosis

Almportant for monitoring therapy
Higher value = worse control of blood sugar
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Glucose Tolerance Test

AOral glucose load administered
APlasma glucose measured-3 hours later
AHigh glucose indicates diabetes

A Often used to screen fogestational diabetes
Some insulin resistance normal in pregnancy
Need to study response to glucose load for diagnosis
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Type 1 Diabetes

A Autoimmune disorder
AType IV hypersensitivity reaction

AT-cell mediated destruction of beta cells
Inflammation of islets
Lymphocytes T T AET BDOU j O)1 6001 EOEOG
Decreased number of beta cells
Loss of insulin

A Associated with HLADR3 and HLADR4

A Autoantibodies may be present
Islet-cell antibodies
Insulin antibodies
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Type 1 Diabetes

AMostly achildhood disorder
Bimodal distribution
Peak at 46 years
2"d peak 10 to 14 years of age
A Often presents with symptomatic hyperglycemia
Polyuria
Polydipsia
Glucose in urine
ATreatment: Insulin

Wikipedia/Public Domain
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Diabetic Ketoacidosis

DKA

A Life-threatening complication of diabetes

AMore common type 1

A Commoninitial presentation type 1

A Often precipitated by infection/trauma

A Can occur when type 1 diabetiskips insulin therapy
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Diabetic Ketoacidosis
DKA

8 ) 1 6HOVET | ORAW T%DET ADPEOET A

Polyuria | <——— 1 OJAT OA
l w [ EDPJ 1 UOEO

l Fruity

Dehydration /
/ + A O 7| Arexth

Urine Ketones l' ¥
Urine Glucose Acidosis > v ) Abd Pain
(AG) Motility Nausea
Vomiting
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Diabetic Ketoacidosis

Clinical Presentation

AAbdominal pain/nausea/vomiting
A Dehydration

AHyperglycemia

A Hyperkalemia

A Elevated plasma/urine ketones
AGlucose in urine

A Anion gap metabolic acidosis
Kussmaul breathing : deep, labored breathing
Hyperventilation to blow off CO2 and raise pH

A Fruity smell on breath
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Diabetic Ketoacidosis

DKA

A Low insulin/high epinephrine

AHigh fatty acid utilization

A Oxaloacetate depleted TCA cycle stalls
A A AGBAO U |

/A Ketone production Fatty Acids

|

Acetyl-CoA —> Ketones

Glucose
NADH \ A

Oxaloacetate Citrate

Malate
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Phosphate

ARisk ofhypophosphatemia
AcidosisA shifts phosphate to extracellular fluid
Phosphaturia caused by osmotic diuresis

ALoss of ATP
Muscle weakness (respiratory failure)

(AAOO ZEAEI OOA j8 AT 1 OO0A
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Diabetic Ketoacidosis

Clinical Presentation

AArrhythmias (hyperkalemia)

ACerebral edema
A Mechanism poorly understood
A Common cause of death in children with DKA

PixabayPublic Domain
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Mucormycosis

A Fungal infection

A Caused byRhizopus sp. andMucor sp.

A Classically starts in sinuses

A Spreads to adjacent structures

AThrives in high glucose, ketoacidosis conditions

A Classic complication of DKA
Patient with DKA
Fever, headache, eye pain

Image courtesy of Yale Rose/Flickr
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