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THYROID

DISORDERS %¢§



&0 Approach to thyroid nodule

Evaluation
Does this thyroid nodule Clinical presentation
harbor clinically Risk factors
relevant thyroid cancer ? Neck ultrasound

Is this thyroid nodule - TSH value
overactive?

Does this patient Clinical assessment
have symptoms from (neck fullness, positional
thyroid nodule dyspnea, dysphagia,
enlargement? voice changes)
Neck imaging

*To be contextualized by individual patient factors.

Assessment

Categorization of thyroid
cancer risk
(i.e. very low to high)

Euthyroid/Hypothyroid,
Hyperthyroid**

Asymptomatic/
Symptomatic

Management*

Thyroid FNA biopsy
(+/- repeat FNA or molecular
markers if indeterminate)
or
ultrasound surveillance

1

Surgical or non-surgical
treatment options

Ultrasound surveillance

**Work-up for hyperthyroid patients may include nuclear medicine imaging and/or measurement of TRAD to delineate etiology.

Ospina NS, Papaleontiou M. Endocr Pract. 2021; 27(3): 261-268.




Etiologies of

1. Benign ‘ Thyroid Nodules

Thyroid follicular nodular disease

Follicular adenoma, oncocytic adenoma

Colloid cyst, simple cyst, hemorrhagic cyst

Thyroiditis

2. Malignancy

Malignancy
~5%

papillary carcinoma, follicular carcinoma, oncocytic carcinoma, poorly differentiated carcinoma

* Follicular cell-derived carcinoma:

« Anaplastic thyroid carcinoma
» C-cell-derived carcinoma: medullary thyroid cancer
» QOther: primary thyroid lymphoma, sarcoma, teratoma,

metastatic tumor: renal cell carcinoma, CA lung, CA breast, melanoma




Risk Factors for Thyroid Carcinoma in Patients with Thyroid Nodules
from History and Physical Examination

« History of H&N irradiation before the age of ¢ Vocal cord paralysis, hoarse voice
18, including, mantle radiation for Hodgkin’s + Nodule fixed to adjacent structures

disease, and brain radiation for childhood « Lateral cervical lymphadenopathy

leukemia or other cranial malignancies « Familial cancer syndrome
« Exposure to ionizing radiation from fallout in o Familial papillary tumor, APC-associated polyposis,
childhood or adolescence PTEN hamartoma tumor syndrome, Carney complex,
* Age <20 or >65 years DICER1 syndrome, Beckwith-Wiedemann syndrome,
« Rapidly enlarging neck mass familial paraganglioma syndrome, Li-Fraumeni syndrome,
 Male gender McCune-Albright syndrome, Peutz-Jeghers syndrome

o Familial medullary thyroid carcinoma, MEN type 2

The absence of risk factors does not rule out malignancy.



« A 32-yr-old woman: evaluation of thyroid nodules

m « Asymptomatic 3-cm right thyroid nodule and 2-cm right lateral neck mass

- At age 12: Rx with combination * Normal TSH
chemotherapy plus involved-field + US neck: 3.1 x 2.8 x 1.6-cm hypoechoic
radiation for Hodgkin lymphoma solid right thyroid nodules with irregular

« No FamHx of thyroid disease margins, right cervical lymphadenopathy

Which of the following is the most likely diagnosis?

A. Thyroid follicular nodular disease Answer:

B. Papillary thyroid cancer B. Papillary thyroid cancer

C. Follicular thyroid cancer Radiation exposure of the thyroid during childhood
D. Medullary thyroid cancer is the strongest environmental risk factor for thyroid

cancer, most commonly papillary cancer



m « A 55-yr-old woman: evaluation of hyperthyroidism Dx 1 week ago
« Palpable right thyroid nodule Thyroid teghetilim-99 scan
« TSH<0.01 mU/L |

- FT4 2.1 ng/dL 1
- TT3 210 ng/dL 1

* Methimazole and atenolol were prescribed. « Uptake at 24 hr = 30% (N 14-30%)

Which of the following is the most appropriate management?

A.NSAIDS

_ Answer:
B. Thyroglobulin level

C. FNA thyroid nodule

D. Radioactive iodine

D. Radioactive iodine



* A 65-yr-old woman: F/U Hashimoto thyroiditis Rx with LT4
E  No Hx of H&N radiation exposure
* Thyroid exam: enlarged thyroid gland, Rt > Lt,
mobile 2-cm nodule in the lower pole; no palpable cervical adenopathy

« Normal TSH

Which of the following is the most appropriate diagnostic test to perform next?
A. US neck

Answer: A. US neck
B. CT scan of the neck

US can confirm the presence of thyroid nodules

C. FNA thyroid nodule

palpated on examination and based on findings help to

D. Thyroid uptake and scan determine if FNA is needed to assess for malignancy



Thyroid nodule(s) J
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TSH measurement

Normal or elevated | LowTSH
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Thyroid scan
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Thyroid US with

f

survey of the cervical lymph nodes
should be performed in
ALL patients with

known or suspected thyroid nodules.

Thyroid US is
NOT routinely recommended

for asymptomatic subjects

- Role of thyroid ultrasound

Palpable nodule

» Confirmation of a sonographically identifiable nodule

corresponding to the palpable abnormality

» Detection of additional nonpalpable nodules for
which FNA may be indicated

» Determination of accuracy of FNA by palpation

+ Identification of the sonographic characteristics of

the thyroid nodule(s)
Normal thyroid examination
* Prior history of H&N irradiation

« Family history of thyroid cancer, including PTC



Sonographic Features Associated with
Thyroid Cancer

Sensitivity Specificity

Microcalcification 89% ileeceldiicttion Intranodular

Hypoechoic 53% _Micrecalcifieafion™ b Vasf:u_l_ariﬁy,
B ..'Ei ' B

Solid

Tall > wide

Poorly defined margins :
Cervical nod

Absence of halo e

Intranodular vascularity Y s wide

Microcalcification represents psammoma bodies in PTC

Sonographic Features of E& ——= _
Benign Thyroid Nodules T & - =

Ssaes T e Comet-tail artifact
N represents “Benign”

Spongiform Pure cyst ‘Comet-tail  colod nodle




2017 ACR:

ACR-TIRADS

AGCR

AMERICAN COLLEGE OF

RADIOLOGY

EXCEPTIONS

. FDG avid nodule

. Suspicious cervical lymph nodes

. Preoperative for hyperparathyroidism

. Nodules adjacent to RLN/trachea

q Symptomatic nodules

. Mummified cysts: restructured benign
collapsed thyroid nodule (S/P FNA,
PEI)

. Clinical risk factors: MEN type 2,
radiation in childhood, family history

. Referrer and patient preference

. Age and comorbidities

Follow-up Intervals

« TR5: g1 yrfor5 years
« TR4:1,2,3,and5 years
« TR3:1, 3,and 5 years

e« TR1 &2:NoFNAorF/U

COMPOSITION
(Choose 1)

Cystic or almost 0 points
completely cystic

Spongiform 0 points
Mixed cystic 1 point
and solid

Solid or almost 2 points

completely solid

ECHOGENICITY
(Choose 1)
Anechoic 0 points
Hyperechoic or 1 point
isoechoic
Hypoechoic 2 points
Very hypoechoic 3 points

SHAPE
(Choose 1)

Wider-than-tall 0 points

Taller-than-wide 3 points

MARGIN ECHOGENIC FOCI
(Choose 1) (Choose All That Apply)
Smooth 0 points None or large 0 points
l-defined 0 points comet-tail artifacts
M Icificati 1 point
Lobulated or 2 points AADCRERALIE e
irreqular Peripheral (rim) 2 points
calcificati
Extra-thyroidal 3 points S A A
extension Punctate echogenic 3 points
foci

I Add Points From All Categories to Determine TI-RADS Level I;

TR2

Not Suspicious

No FNA

TR3
Mildly Suspicious

FNA 2 25cm
FIU21.5cm

TR4

Mod Suspicious

FNA215cm
FlU21cm

TR5
Highly Suspicious

FNA=21cm
F/U20.5cm

COMPOSITION

ECHOGENICITY

SHAPE

MARGIN

ECHOGENIC FOCI

nantly (>50%) of small cystic

for other categories.

Mixed cystic and solid: Assign
points for predominant solid
component.

Assign 2 points if composition

calcification.

Spongiform: Composed predomi-

spaces. Do not add further points

cannot be determined because of

Anechoic: Applies to cystic or almost
completely cystic nodules.

Hyperechoic/isoechoic/hypoechoic:
Compared to adjacent parenchyma.

Very hypoechoic: More hypoechoic
than strap muscles.

Assign 1 point if echogenicity cannot
be determined.

Taller-than-wide: Should be assessed
on a transverse image with measure-

ments parallel to sound beam for
height and perpendicular to sound
beam for width.

This can usually be assessed by
visual inspection.

Lobulated: Protrusions into adjacent
tissue.

Irregular: Jagged, spiculated, or sharp

angles.

Extrathyroidal extension: Obvious
invasion = malignancy.

Assign 0 points if margin cannot be
determined.

Large comet-tail artifacts: V-shaped,
>1 mm, in cystic components.
Macrocalcifications: Cause acoustic
shadowing.

Peripheral: Complete or incomplete
along margin.

Punctate echogenic foci: May have
small comet-tail artifacts.

*Refer to discussion of papillary microcarcinomas for 5-9 mm TRS nodules.

JAm Coll Radiol. 2017;14(5):587-595.




Multiple Nodules

- - — - 2

 When multiple nodules =2 1 cm are

present, FNA based upon US pattern

* |[f multiple sonographically similar low
or very low suspicion pattern nodules,
the likelihood of malignancy is low and
it is reasonable to FNA the largest

nodule (>2 cm) and observe others

Recommend FNA for no more than 2 nodules

with the highest point scores that warrant FNA



2023 Bethesda system for
reporting thyroid cytopathology

Diagnostic Risk of Malignancy Usual management
category Mean % (range)

Nondiagnostic 13 (5-20) Repeat FNA with US guidance
Benign 4 (2-7) Clinical and US F/U
AUS 22 (13-30) Repeat FNA, molecular testing, Dx lobectomy,
or surveillance
FN 30 (23-34) Molecular testing, Dx lobectomy
Suspicious for malignancy 74 (67-83) Molecular testing, lobectomy or near-total thyroidectomy
Malignancy 97 (97-100) lobectomy or near-total thyroidectomy

AUS, atypia of undetermined significance; FN, follicular neoplasm

Ali SZ, VanderLaan PA. The Bethesda System for Reporting Thyroid Cytopathology:
Definitions, Criteria, and Explanatory Notes, 3™ ed. Springer: New York, NY, USA; 2023.



m * A 69-yr-old woman: large left thyroid nodule S/P left thyroidectomy
* F/U postop

Preop US: no suspicious features Normal TSH
Patho:
* 4.5-cm left adenomatous nodule in a background of multinodular hyperplasia

« Single PTC 0.5 cm, no lymphovascular or extrathyroidal invasion, free margin

Which of the following is the most appropriate treatment?

A.LT4 to suppress serum TSH Answer:

D. No additional treatment

B. Radioactive iodine therapy

Lobectomy: Rx of choice for low-risk PTC

C.Resection of the remaining thyroid that is confined to the thyroid gland;
complete Sx resection; no aggressive

D.No additional treatment

pathologic features; no metastasis



Determining the underlying cause of thyrotoxicosis
is essential for guiding management

THYROTOXICOSIS A

Etiologies Pathophysiology Thyroid uptake

Graves’ disease TSH receptor Ab GO, TRAD, goiter, bruit,
fam Hx, autoimmune
Toxic MNG Autonomous secretion y T T MNG
Toxic adenoma Autonomous secretion ) T T Size > 3 cm
Struma ovarii Ovarian teratoma (+thyroid tissue) l T at ovary 7 Abd pain, mass, ascites
lodine excess Jod-basedow phenomenon ) ) 1} Hx contrast, amiodarone
Subacute thyroiditis Acute release of thyroid hormone ) ) T Painful thyroid, ESR
hCG-secreting tumor hCG binds with TSH receptor 4 T T hCG level
Factitious Exogenous thyroid hormone l l ! Rx w cholestyramine

TSHoma TSH-secreting pituitary adenoma VIN/T T T MRI pituitary



Measure TSH, unbound T,

T Prevalence:
: ! L : : 3.5-5.6% (general clinic?2
TSH low, unbound TSH low, unbound TSH normal or increased, TSH and unbound T3 tOX|COS|S 16% (th . (g d clinic3 )
T4 high T4 normal high unbound T, T4 normal o ( yroida clinic )
| | T
Primary Measure TSH-secreting ¢ Ea”y hyperthyr()ldlsm;
thyrotoxicosis unbound T3 pituitary adenoma
thyroid h P :
l raeiiance syndrome Graves disease, toxic MNG
-
Subclinical No further tests * IOdIne deﬁCIGnCy area
hyperthyroidism .
I * During treatment of Graves
Features of Follow up in
Graves' diseased? 6-12 weeks .
I disease
Graves' disease | | Multinodular goiter or toxic adenomab? T4 tOXICOSIS
|
* Hyperthyroidism with
Toxic nodular hyperthyroidism Low radionuclide uptake? nOntheridal i”neS S

|
» Drug effects: LT4, amiodarone

Destructive thyroiditis, iodine excess | | Rule out other causes including stimulation

or excess thyroid hormone by chorionic gonadotropin
1. Sriphrapradang C, Bhasipol A. Ann Med Surg 2016.
Source: Joseph Loscalzo, Anthony Fauci, Dennis Kasper, Stephen Hauser, 2. Panchavinnin P et al. J Med Assoc Thai. 2018;101(8):1055-9.
Dan Longo, J. Larry Jameson: Harrison's Principles of Internal Medicine, 21e 3. Snabbon T et al. J Med Assoc Thai 2004;87 Suppl2:S19-21

Copyright © McGraw Hill. All rights reserved.
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BY ERIC SEABORG

More patients are
taking the dietary
supplement biotin,
which could be
throwing off a
number of test
results from
thyroid cancer to
Graves’ disease.

I JANUARY 2016 | ENDOCRINENEWS.ORG

Beware The “Biotin” problem

Biotin in human serum is a potential interfering
factor for streptavidin-biotin-based assays

Biotin in patient samples can cause falsely high or
fasely low results

Immunoassay-based laboratory results

« ACTH * Folate « PTH

« AFP * Free PSA + SHBG

* AntiTPO « FSH » Testosterone T T3 T4
* Anti-TG # FT3 » Total B12 )

« Cal125 « FT4 « TSH

« Ca15-3 * Beta HCG

« Ca19-9 « HsTnT l TS H

« CEA * IgE

» Cortisol * Insulin

* C-peptide « LH

« DHEAS * Progesterone

» Digoxin * prolactin T T RA b
 Estradiol + PSA —

I

AN UUIFIHN

Stop taking biotin
for at least 2 days Biotin !
before thyroid testing | | SLETE




E * A 25-yr-old woman: evaluation for anterior neck pain

« Exercise intolerance, excessive sweating, tremor ~ 6 weeks, Hx URI ~ 2 Mo ago
Pulse 105/min, thyroid: tender to palpation, no nodule, no bruit

Bilateral lid lag, no exophthalmos, no conjunctival injection/chemosis

Fine tremor of outstretched hands, brisk DTR
Lab: TSH < 0.01 mU/L, TFT4 2.8 ng/dL, T TT3 190 ng/dL; urine pregnancy test: neg

Which of the following is the most likely diagnosis?

A. Graves disease

Answer: C. subacute thyroiditis

B. Molar pregnancy
« also called as De Quervain’s thyroiditis, viral thyroiditis,

C. Subacute theriditiS subacute granulomatous thyroiditis, or giant cell thyroiditis

. . . « Can be associated with COVID-19 infection
D. Toxic multinodular goiter



m * A 29-yr-old woman: abnormal TFTs
« GA 26 wk pregnancy
« Lack of weight gain during pregnancy, palpitation, anxiety, insomnia

* No famHXx of thyroid or autoimmune disease

« Exam: pulse 98/min, thin woman, mild tremor, lid lag, small goiter, no exophthalmos
« TTSH6.5 mU/L, TFT4 2.6 ng/dL

Which of the following is the most likely diagnosis?

A. Gestational thyrotoxicosis

Answer: D. TSHoma

B. Graves disease

C. Hypothyroidism
D. TSHoma



NE pprop Y1 (-] | Raised thyroid hormones {(free) T4 &/or (free) T3}
Non-suppressed TSH (within or above reference interval)

TS H S e C ret I o n * Review: thyroid status, intercurrent iliness, medications

Investigate for lab assay interference

romonebeta - RTHP Thyrotropinoma
present in ~90% <—| Affected family members I—D absent
mutation in ~90% <—| THRB sequencing '—D no mutation
normal 4—' SHBG/ICTP I—P raised (occ. normal)
normal <—| ASU / ASU:TSH molar ratio I—P raised (or normal)

preserved / exaggerated <—| TSH response to TRH |—> absent / blunted

(near) full suppression <—| L-T3 suppression test l—b no / limited suppression

no response <—| Response to depot SRL trial '—D normalise T4&T3 in 280%
no adenoma l Pituitary MRI , adenoma
(incidentaloma in ~10%) (+ molecular PET imaging) (occasionally occult)

Adapted from 2024 European Thyroid Association Guidelines on diagnosis and management of genetic disorders of thyroid hormone transport, metabolism and action



Factors effect thyroxine-binding globulin (TBG)

Estrogen, hyperestrogenemic states; pregnancy
Tamoxifen, oral contraceptives

Opiate, 5FU, clofibrate, perphenazine

Infectious and chronic active hepatitis, biliary cirrhosis
Acute intermittent porphyria

HIV infection

Small cell carcinoma

Genetic factors

Androgen

Large doses of glucocorticoid
L-asparaginase

Active acromegaly
Malnutrition

Major systemic illness
Nephrotic syndrome

Genetic factors

Euthyr0|d hyperthyroxinemia
TBG excess

* Familial dysalbuminemic hyperthyroxinemia (FDH)

* Anti-T4 antibody

« T4 deiodination: amiodarone, high dose
propranolol

» Assay artifact

« Acute psychosis, high altitude, amphetamine

Free T4

Initial Increased New
Steady Binding Steady
State Protein State

Total
Thyroid

Protein
Hormone

Bound
Thyroid
Hormone

DeGroot LJ, Stanbury JB: The Thyroid and its diseases 4th ed, Wiley, 1975



MANAGEMENT OF Graves’

hyperthyroidism
GRAVES'’ DISEASE
/ \\
// * \\\
/
// )
//// \, \
/ Methimazole (MMI) \
// \\\
Patient / Adults: 18 months / Children: 36 months \\ Patient
/// \\

. / N\ .
choice / l \\chome

/ \
/ \
\

e Serious adverse events

g P
e Poor compliance
Radioactive lodine (RAI 4/ OR \A .
adioactive lodine (RAI) Total Thyroidectomy (Tx)
e Patient choice
@)

e NoGO e G
e No nodules e Nodules
e Vol.<50ml e Vol.>50ml

Kahaly GJ. J Clin Endocrinol Metab. 2020;105(12):3704-3720.



ATD or RAI Rx LT4 Rx

GRAVES’ |

T U
DISEASE Clinical . Hypo- o
Ph Hyperthyroid : Transition Normal
ase thyroid TSHIFT4
o Equilibrium
TSH levels often FT4 o s
remain suppressed
EUTHYROID
for several months REFERENCE
RANFGE
 Not a sensitive
index of early Rx TSH
| | |
response Months 6 - 8
Most Diagnostically | TgH TSH FT4 TSH
Accurate Test

Baloch Z et al. Thyroid. 2003; 13:1-126.




MANAGEMENT OF Graves' TSH-R-Ab positive and/or
hyperthyroidism persistent hyperthyroidism at

GRAVES’ DISEASE 18 months (children 36 mo.)

\ or

Relapse / recurrence

of hyperthyroidism after a
Methimazole (MMI) course of ATD

Definitive treatment:

Patient Adults: 18 months / Children: 36 months Patient
. // . RAIl or Tx
ch0|ce/ choice
/ Alternative:
/
e Serious adverse events Low-dose, long-term MMI
e Poor compliance
Radioactive lodine (RAI / OR \ i
adioactive lodine (RAI) _ _ Total Thyroidectomy (Tx)
e Patient choice
e NoGO e GO
e No nodules e Nodules
e Vol.<50ml e Vol.>50ml

Kahaly GJ. J Clin Endocrinol Metab. 2020;105(12):3704-3720.



TRAD titer

Upper limit
Of Normal

Long-term MMI for Graves’ Disease

TRADb Status in Graves’ Disease

* Relapse of hyperthyroidism is

common after stopping conventional

\\ [ smoldering course | 12—18 months of Rx.

AWAWA

* Long-term ATD RXx is effective and

In remission

|
safe for maintaining euthyroidism.
« Studies show = 5 years of ATD
treatment leads to remission in most

Graves’ hyperthyroidism patients.

Azizi F et al. J Clin Endocrinol Metab. 2024;109(10):e1881-e1888.



el Side Effects of Antithyroid Drugs

Minor
Common (1-5%) Rare (0.2-0.5%)
« Agranulocytosis

» Urticaria or other rash @
 Arthralgia Very rare (<0.1%)

Major

* Fever  Aplastic anemia STOP THE DRUG
| | _ DO NOT
* Transient leukopenia  Thrombocytopenia SWITCH/IDOSE

Uncommon (<1%) Toxic hepatitis (PTU)
Cholestatic jaundice (MMI)
Vasculitis, lupus-like, ANCA+ (PTU)

Hypoprothrombinemia (PTU)

* Gl upset

 Abnormal smell and taste
* Arthritis

Hypoglycemia (MMI_anti-insulin Ab)
Pancreatitis (M %




Thionamide and nonthionamide

for management of thyrotoxicosis
THYROID HORMONE SYNTHESIS

TherId gland Large dose of

inorganic iodide

* Inhibits thyroid
hormone release:
More rapid action

-

o Rough ER Tvrosi than ATD,
apillary A yrosine corticosteroid
Z Thyroglobulln A (Part of thyroglobulin) Vesse|S Wolff-Chaikoff effect

Organification

lodida Golgi apparafus |:>’ |\
trapping /) g DIT

m MIT
ﬁ T4 Coupling
= </ 1. Thionamide, lithium
= T Liver : 2. Inorganic iodide, lithium
3. Perchlorate
Endocytosis 4. High dose PTU, high dose
propranolol, corticosteroid
Relgase Thyroid follicle cell Colloid Cholestyramine

o o

Plasma exchange

\ .
Intestine



AVOID USE BETA-BLOCKER in frank heart failure

Table I. Reported Cases of 3-Blocker—Induced Circulatory Collapse in Patients With Thyroid Storm.

Type of Circulatory
Study Patient Thyroid Disease Evidence of HF* B-Blocker and Dose Collapse Post—f3-Blockade TTE Hospital Course After Episode of Circulatory Collapse
Yamashita et al'® 62, female Grave’s disease; LVEF of 30% Bisoprolol (dose not Hypotensive Not reported Bisoprolol was discontinued after the hypotensive episode
(2015) thyroid storm reported) and the patient remained tachycardic. Lindolol chloride
was initiated for HR control and did not cause further
drops in SBP. HR was successfully controlled and TTE
after stabilization of HR showed LVEF of 55%. Tachycardia
recurred and patient underwent thyroidectomy after which
was discharged home in stable condition.
Vijayakumar 85, female Multinodular History of HF (details Propranolol 4 mg IV, Hypotensive with Not reported Resuscitation with, atropine, adrenaline, and dobutamine was
etal'” (1989) goiter; thyroid not reported) 20 mg PO atrial fibrillation initiated. Persistent AF and tachycardia after propranolol
storm discontinuation was accompanied by acute limb ischemia.
Esmolol infusion was initiated and carefully titrated for HR
control and dobutamine was continued for BP support. 36
hours later, the patient was hemodynamically stable and
underwent total thyroidectomy and right-sided AKA and was
discharged in stable condition.
Ngo and Tan® 32, male Grave’s disease; CXR shows Propranolol 10 mg PO Hypotensive with LVEF of 25% with No further dose of propranolol was administered. Patient
(2006) thyroid Storm cardiomegaly with atrial flutter severe TR and MR underwent successful cardioversion for atrial flutter and
mild congestion was put on inotropic support along with intra-aortic balloon
pump. Patient stabilized after resuscitative measures and was
discharged in stable condition.
Narechania et al*' 27, female Grave’s disease; CXR shows Metoprolol (dose not Cardiac arrest Global LV dysfunction Successful resuscitation with chest compressions and
(2015) thyroid Storm cardiomegaly reported) (PEA) with severe MR epinephrine (no further details reported).
and TR
Eleftheriou et al*? 39, female Thyroid storm LVEF of 35% Propranolol 2 mg IV Cardiac arrest LVEF of 15% CPR initiated with no response. Diagnosis of cardiogenic shock
(2010) was made and attempt of Extracorporeal cardiovascular
support with ECMO was not successful. Patient subsequently
developed multi-organ failure and expired 5 days later.
Fraser et a/”? 52, female Thyroid storm LVEF of 35% Sotalol | mg/kg IV Cardiac arrest Global impairment of CPR initiated with successful return of pulse. Patient remained
(2001) LV function hypotensive requiring vasopressor and inotropic support
to maintain blood pressures. 24 hours later patient was
hemodynamically stable and was discharged on day 10 of
admission. Repeat TTE 6 weeks later revealed LVEF within
normal range.
Boccalandro 48, female Grave’s disease; S$3,JVD, bilateral Propranolol 40 mg PO Hypotensive LVEF <20%, Supportive care with hemodynamic stability within 24 hours
etal™ (2003) thyroid storm crackles, 4-chamber dilation, (no further details reported).
hepatomegaly, MR and TR
hepatojugular reflex
Ashikaga et al®* 50, female Grave’s disease; Not reported Propranolol (dose not Hypotensive Four-chamber Propranolol was D/C. Vasopressor and inotropic therapy
(2000) thyroid storm reported) dilation with were initiated with successful hemodynamic stabilization and
reduced LV improvement in cardiac index. Predischarge TTE was normal.
function Patient discharged in stable condition.
Dalan and Leow'* 43, female Thyroid storm No reported Propranolol 20 mg PO Cardiac arrest LVEF 60% with Propranolol was D/C. CPR with successful return of pulse.
(2007) evidence (asystole) dilated atria Vasopressor initiated for BP control and patient recovered
(no further details reported).
43, female Thyroid storm LVEF of 45%, atrial Propranolol 20 mg PO Cardiac arrest Not reported Propranolol therapy D/C. CPR and vasopressor support with

dilation, TR

(asystole)

J Investig Med High Impact Case Rep. 2017;5(4):2324709617747903.

initial improvement. Patient developed a second episode of
cardiac arrest and consequently expired.



« A 68-yr-old man: shortness of breath, palpitation, difficulty sleeping, 5-kg wt loss
« Hx HF, AF on metoprolol, lisinopril, amiodarone, dabigatran
« Exam: afebrile, BP 140/80, irregular P 102/min, RR 24/min, brisk DTR, fine tremor,
bilateral lid lag, no goiter

e Lab: TSH < 0.01 mU/L, TFT4 3.1 ng/dL, T TT3 190 ng/dL, undetectable TRAb

« US: normal thyroid size & parenchyma, no vascularity on color flow Doppler

In addition to T metoprolol dose,
which of the following is the most likely initial management?

A. Discontinue amiodarone Answer: C. prednisone
B. Begin methimazole

« AIT type 2
C.Begin prednisone « However, | would like to suggest to treat

D. Thyroid scintigraphy with uptake both type 1 & 2 AIT in case of heart disease



Amiodarone

200-mg amiodarone Normal | requirement
~ 75 mg of iodine 0.15-0.30 mg/d

~ 7 mg of free iodine

« Liposolubility: prolonged storage in high conc. in fat and muscle

* Very long T,,,60-142 days: adverse effects can occur and persist long after stop the drug

High incidence of adverse side effects
« Pulm toxicity, cardiac QT prolongation, photosensitivity, blue skin discoloration,

corneal microdeposits, optic neuropathy, hepatic enz elevation, thyroid disorder



Mechanisms of amiodarone induced thyroid disorder

lodine related mechanisms

Wolff — Chaikoff effect Jod-Basedow effect
Inhibition of iodine organification Excess of iodine substrate
| v
Reduced production T3, T4, increased TSH Uncontrolled overproduction of thyroid hormones
v v 1
Escape effect Fail to escape Hyperthyroidism (Type1)
v v
T4, T3, TSH return to normal || Hypothyroidism remains
Frequently in Frequently in Frequently in Graves disease, endemic goiter, toxic
normal thyroid Hashimoto disease multinodular goiter, thyroid adenoma
Mechanisms not related to iodine
Cytotoxic thyroid effect Amiodarone inhibits D2 deiodinases Inhibition of T3 binding to its nuclear
! ! receptor
Destructive thyroiditis Decreasing T4 to T3 conversion |
v . Reduced hormone action.
Hyperthyroidism (Type 2) Reduction in serum T3 level

Ylli D et al. J Clin Endocrinol Metab. 2021; 106(1):226-236.



Effects of amiodarone on TFTs in euthyroid subjects

5, i
TSH ] /
In a euthyroid subject with mU/L 3 /1 [ Due to deiodinase
24 . : X
: 1 — T
a normal thyroid gland, 20, ! _ { ‘ " inhibition
. N 3 1N AN — .
amiodarone administration 100 7 ' . * Serum T3 will
ng/dl ] | L /1
will result in: 80 i remain |
120,
- Slight T TSH, T4, FT4, rm3 o] 1 | : 1 + Typically below
. n g/d I 60 ./I\x/I
rT3 in the 15t Mo of Tx 3g) 1 the ref range
: : 16 I .
« Normalize in the A T~ i
T4 1 I
following 3 to 6 Mo ug/dl | /’ 1
8] 1
"2 4 & 8 © 12 i 1 18 20 22 24
WEEKS J Clin Endocrinol Metab. 1981;53:997—-1001.
Thyroid hormone Acute effects (=3 mos) Chronic effects (=3 mos)
Total and free T4 1 50% Remains T 20-40% of baseline
T3 } 15-20%, remains in low-normal range Remains | 20%, remains in low-normal range
T3 T >200% Remains T >150%
TSH 1 20-50%, transient, generally remains <20 mU/L Normal




] . The absolute levels of FT4 and FT3 at presentation have no discriminatory value
J ’
 TSH; TFT4; N or TFT3/T3 petween AIT 1 and AIT 2, although they tend to be higher in AIT 2

European
ETA 7 AIT1 AIT 2

Underlying thyroid abnormalities Yes Usually no?

Colour-flow Doppler sonography Increased vascularity Absent hypervascularity
Thyroidal RATU Low/normal/increased” Suppressed

Thyroid autoantibodies Present if AIT is due to Graves disease Usually absent®

Onset time after starting amiodarone Short (median 3 months) Long (median 30 months)
Spontaneous remission No Possible

Subsequent hypothyroidism No Possible

First-line medical treatment Antithyroid drugs? Oral glucocorticoids
Subsequent definitive thyroid treatment Generally yes No

RAIU, radioiodine uptake. A small goitre may be present. ® In iodine-replete areas RAIU is always suppressed. ¢ Anti-thyroglobu-

lin and anti-thyroid peroxidase antibodies do not allow a diagnosis of AIT 1. ¢ Antithyroid drugs (thionamides) may be associated (for
a few weeks) with sodium perchlorate.

Novel biomarker:

« Beta-glucuronidase: lysosomal enzyme released into the ECF during inflame (T AlT2)

Markantes GK et al. Eur Thyroid J. 2019;8(4):215-220.



European

ETA Advantages and disadvantages of
amiodarone withdrawal in patients with AIT

Disadvantages Advantages

Efficient drug for life-threatening arrhythmias Amiodarone and its metabolites have a long half-life, making an
immediate exacerbation of cardiac symptoms unlikely

Cardiac protective properties: antagonistic effect on B-adrenergic =~ Greater chance of achieving euthyroidism and delivering

receptors, inhibition of T, deiodination, blockade of T; binding definitive thyroid treatment (particularly radioiodine) at an

to thyroid hormone receptors earlier stage

Amiodarone and its metabolites have a long half-life; thus, Continuation of the drug in AIT 2 is associated with a delayed
discontinuation might be useless, at least in the short term restoration of euthyroidism and a higher chance of recurrence

« If amiodarone is withdrawn, MMI should be continued until urine | levels return to normal (6-18 Mo)
» Ifin the future amiodarone needs to be reintroduced, close monitoring is fundamental
« 75% of patients restarting amiodarone treatment risk having another episode of AlIT

» Need definite Tx (I-131) when pt can be weaned off amiodarone (and normalized urine | level)

Markantes GK et al. Eur Thyroid J. 2019;8(4):215-220.



10-20%

Patient taking amiodarone

5-10%

High TSH, low FT4, low FT3/TT3

Low TSH, high FT4, normal or high FT3/TT3

Amiodarone induced hyperthyroidism

@ Amiodarone induced hypothyroidism
" [
ogo - Underlying thyroid pathology (goiter, nodules, Graves’ disease)
® - Increased vascularity in Color-Doppler sonography on the thyroid gland
(]
Yes No
Type 1 Mixed Type 1 Type 2
Increased thyroid and Type 2 Cytotoxic effect on the
hormone production thyroid grand
; :
Levothyroxine Methimazole Prednisone 40 mg
’ 40-60 mg/day 5
Improvement 2 >« SE Improvement
= Yes Methim.azole Yes
CEJ + Prednisone
e
©
o
- Improvement
Yes No
Consider
. - - Follow-u
Follow-up Follow-up Follow-up thyroid surgery P

If unstable cardiac condition start treatment with both methimazole and prednisone

Yl D et al. J Clin Endocrinol Metab. 2021; 106(1):226-236.



HYPOTHYROIDISM

 Etiologies: Hashimoto’s thyroiditis, Post Sx/RAl, drug (amiodarone, lithium)
« Always evaluate Hypo in bilat CTS, dementia

e TLDL, TCK, anemia, hypoNa, T PRL

« Suspected central hypothyroidism - check cortisol before initiate LT4

« L-thyroxine (LT4) replacement: dose 1.6 ug/kg/day, once daily; before meal
— T4, 7 days: F/U TSH at 4-6 weeks after start LT4 then q 3-6 - 6-12 months
— Old age, CAD risk: start low and slowly titrate up

— Pregnancy: 25-30% Adose prepregnancy dose



m « A 56-yr-old man: palpitation, fine tremor, difficulty sleeping over the past month
* Hypothyroidism from S/P thyroidectomy 6 Mo ago

» Takes LT4 on an empty stomach

with a cup of coffee every morning

. , TSH (mU/L) 1.5 0.08
» 2 Mo ago Dx with hypogonadism,

Rx testosterone Free T4 (ng/dL) 1.1 14
* His current meds: LT4, testosterone IM, calcium carbonate, omeprazole
Which of the following is the most explanation of TFT results?

A. Calcium carbonate

B. LT4 with coffee
C.Omeprazole Testosterone—> | TBG

Answer: D. Testosterone

D. Testosterone - T metabolically active free T4



Medications
that may

interfere on
with LT4
therapy

Medication

Mechanism(s)

What to do

Antacids, nonabsorbable®
Calcium salts®
Cholestyramine®, Colesevelam®
Phosphate binders§ and potassium binders
Ferrous salts®

Orlistat®

Antacids, absorbable®
Androgens/Anabolic steroids*
Estrogens*

Tamoxifen*

Raloxifene *§

Clofibrate*

Fluorouracil* and its prodrug capecitabine*
Corticosteroids*

Growth hormone

Antiepileptics (carbamazepine*, phenytoin*,
phenobarbital*, valproate, etc...)

Lithium®

Tricyclic antidepressants; SSRIs*
Rifampin*

Metformin

Sulphonamides

Aminoglutethimide’

Mitotane*

Bexarotene'

Dopamine (=0.4 mcg/kg/min), dopamine
agonists

Octreotide (=100 mcg/day), somatostatin
analogs

Antiretroviral drugs

Ethionamide!, para-aminosalicylic acid®
Thalidomide, lenalidomide, pomalidomide
Tyrosine kinase inhibitors*"

Cytokines, Interferons’

Monoclonal anti CD52 (alemtuzumab)
Monoclonal anti-CTLA-4 Ab (ipilimumab,
tremelimumab)

Monoclonal anti-PD-1 Ab (nivolumab,
pembrolizumab)

Furosemide

Heparin

Nicotinic acid

Salicylates (>2 g/day) and other nonsteroidal
anti-inflammatory drugs

Physical interaction with T4

Physical interaction with T4

Physical interaction with T4

Physical interaction with T4

Physical interaction with T4

Physical interaction with T4?

Increase of intragastric pH

| both T4 binding to plasma proteins and TSH
1 both T4 binding to plasma proteins and TSH
1 T4 binding to plasma proteins

1 T4 binding to plasma proteinsT4
malabsorption

1 T4 binding to plasma proteins

1 T4 binding to plasma proteins

1 TSH

1 T4 metabolism

1 T4 metabolism; | T4 binding to plasma
proteins and | TSH (phenytoin)

1 T4 synthesis; | T4 metabolism, 1 TSH
1 TSH; SSRIs 1 TSH

1 T4 metabolism

1 TSH

| T4 synthesis

| T4 synthesis

1 T4 binding to plasma proteins. 1 T4
metabolism, | TSH

1 T4 metabolism, | TSH

Transiently | TSH

Transiently | TSH

1 T4 metabolism

| iodine organification; thyroiditis

Thyroiditis

Thyroiditis; 1 T4 metabolism; inhibition T4 and
T3 cell transporters.

Thyroiditis

Thyroiditis

Hypophysitis; thyroiditis

Thyroiditis; hypophysitis

| T4 binding to plasma proteins
| T4 binding to plasma proteins
| T4 binding to plasma proteins
1 T4 binding to plasma proteins

Front Endocrinol (Lausanne). 2020; 11: 607446.

Concomitant use to be avoided (intake separated by >4 h)
Concomitant use to be avoided (intake separated by >6 h)
Concomitant use to be avoided (intake separated by >4 h)
Concomitant use to be avoided (intake separated by >4 h)
Concomitant use to be avoided (intake separated by >4 h)

Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be lowered
Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be increased
Concomitant use to be avoided (intake separated by >12 h)L-T4 dose
may need to be increased

Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be increased
L-T4 dose may need to be lowered

Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be increased

Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.

Thyroid function to be monitored.

Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.L-T4 dose may need to be increased

Thyroid function to be monitored.L-T4 dose may need to be increased
Change in L-T4 dose unnecessary

Thyroid function to be monitored.L-T4 dose may need to be increased

Thyroid function to be monitored.L-T4 dose may need to be increased
Thyroid function to be monitored.
Thyroid function to be monitored.
Thyroid function to be monitored.L-T4 dose may need to be increased

Thyroid function to be monitored.
Thyroid function to be monitored.
Thyroid function to be monitored.

Thyroid function to be monitored.

Change in L-T4 dose unnecessary
Change in L-T4 dose unnecessary
Change in L-T4 dose unnecessary
Change in L-T4 dose unnecessary



Medications that may interfere on with LT4 therapy

Absorption CaCQO;, ferrous sulfate,
Al(OH)3, sucralfate, PPI
soy, coffee, milk

gastritis, celiac disease

Concomitant use to be

avoided

TBG estrogen®, androgen

TFT to be monitored

Metabolism tyrosine kinase inhibitors,
phenobarbital, phenytoin,

carbamazepine, rifampin, sertraline

TFT to be monitored

Al(OH)3, aluminum hydroxide; TBG, thyroxine-binding globulin
*Transdermal estrogen does not increase TBG concentrations




* A 45-yr-old man: F/U major depressive disorder

m « 6-Mo Hx of depressed mood, difficulty sleeping, | appetite, 2-kg wt loss

* Med: escitalopram * Normal physical exam

 Significant improvement in his « TSHT7 mU/L, FT4 1 ng/dL (N)

mood, appetite, sleep quality

Which of the following is the most appropriate management?

A. Measure anti-TPO

Answer: E. Repeat TSH
B. Measure TSH receptor Ab

C._Measure T3 level Subclinical hypothyroidism

D. Prescribe LT4

E. Repeat serum TSH in 2 months



Elevated TSH & normal FT4

Subclinical

Hypothyroidism
Re-measurement after 2-3 months, including TPOab’s

. PI’OQ ression to overt A) Normalization of TSH / \ B) Persistent TSH elevation & other causes (Table 1) unlikely

hypothyroidism —

Discharge, with annual check
e Risk of CVD of TFTs if TPOab positive C) Elevated TSH (<10mU/L) & normal FT4 D) TSH 210mU/L & normal FT4

« TSH > 10: LT4 Rx — —

« TSH 4.5-10: controversial 4.5 <TSH <7mU/L 7 <TSH < 10mU/L <70 years > 70 years
v’ Patient age v ¥ v ¥
Generally no treatment Generally no treatment Generally in favor of treatment, Generally no treatment
especially if symptoms, TPOab

v Degree of TSH .

: Consider treatment :

Consider treatment if: positive, or cardiac risk factors

elevation z:;:ql;?;risrr;?nths I : ) Syr(m;ptoms (6 rdnonth :'al) . Consider treatment if:
: : - <70 years, cardiac ris 3 :
: i : 4 o : - Symptoms (6 month trial) :
: hypothyroidism : factors & TPOab-positive : :
v Sym ptoms e . - R p ................ : - TPOab-positive, low-normal FT4 & :
, v : TSH increasing in time
e Dose 25-50 ug/d Repeat TFTs in 6 months, if: RepeatT.FTs'|n4months,|f.
- normalization of TSH: -> A) - normalization of TSH: -> A) Repeat TFTs in 4 months, if:
- elevated TSH<10mU/L: -> C) - elevated TSH<10mU/L: -> C) - normalization of TSH: -> A)
- TSH 210mU/L : -> D) - TSH 210mU/L : -> D) - elevated TSH<10mU/L: -> C)
resident360.nejm.org - TSH 210mU/L : -> D)



m « A 59-yr-old woman: fatigue and weight gain over the past 2 Mo
* Hx pituitary tumor S/P Sx and RT, at age 54

* Recently self-initiated Ca, vit D, MTV « Normal vital signs, BMI 31
 Med: LT4 « Other: WNL

Which of the following is the most appropriate management?

A. Increase LT4 dose

B. Measure FT4 level Answer: B. FT4

C.Measure TSH level
D. MRI brain

Central hypothyroidism



m « AT74-yr-old woman: @ER decreased responsivenss
« Hx S/P total thyroidectomy and stopped her meds at some time unknown

* T 34.1 ¢, BP 80/45, P 46/min, RR 10/min, O, sat 92%

» Arousable with painful stimuli, periorbital edema, bipedal edema, Na 129

Which of the following is the essential initial step in the management?

A. Administer IV T3
Answer: D. IV

B. Active rewarming

hydrocortisone

C. Adminster norepinephrine

Myxedema coma
D. Administer IV hydrocortisone



Myxedema Coma

Treatment of myxedema coma

Hvpothermia Thyroid Hormone Replacement (Rapid)
yp Levothyroxine 200-300 mcg IV over 5 minutes, or
Triiodothyronine 5—10 mcg IV every 6-12 hours, then

Bradycardia Hypoventilation Levothyroxine 50—-100 mcg daily PO or IV
Glucocorticoid Therapy (Stress Doses for 2-3 Days)
V\ /v Hydrocortisone 200 mg daily, or

Methylprednisolone 40 mg daily, or

B il Urinary Prednisone 50 mg daily, or
lleus d—— /- / > retention Dexamethasone 7.5 mg daily
Support Circulation, Oxygenation and Ventilation
v N\ IV fluids
Confusion Seizures Oxygen

Mechanical ventilation (if needed)
Passive rewarming (if severely hypothermic)
Treat Precipitating Cause (critically important)

Coma

IV Intravenous; PO, oral.

Endocrine Secrets, 7t edition (2020)



Physiologic changes In preghancy

Physiologic changes Thyroid function test changes

T Thyroxine-binding globulin T Total T4 and total T3
(T estrogen)
First trimester hCG elevation T Free T4 and | TSH
T Plasma volume T T4 and T3 pool size
T Type lll 5-deiodinase due to T T4 and T3 degradation (resulting in
4 increased placental mass requirement for increased hormone production)
Thyroid enlargement T Serum thyroglobulin

(in some women)
T lodine clearance I Hormone production in iodine-deficient areas

Immunological changes ! thyroid antibody levels



Chan GW, Mandel SJ.
Nat Clin Pract Endocrinol Metab. 2007;3(6):470-8.

250
23.1
21.9 ]
200 i) 19.2 19.4
187 187 e[|
- H 168
S 15.5
g 150 ‘ 14.2
£ 129 13.0
= 4 12| 1ol | L I 11.7
3 1.5 1.4
5 100 10.7 . l 8.8 :
i 5y
e 65 5o
0
NP 1st 2nd 3rd NP 1{st 2nd 3rd NP st 2nd 3rd
Stage of pregnancy
- hCG -
T 40
< 104
“3 30
any
=)
E
A B 20
N 0.5
i \
'
g g 1o
0 T T -1 T 0
10 20 30 40

Free T4 (Elecsys®)

Free T, (Tosoh®)

25

20

-15

(=---=) (000LXT/'N’I) ©DOY

Free T4 (pmol/l)

GA (weeks) Recommended test(s)

0-7 FT4
8-16 FT4, TT4
17-40 TT4

(pregnant range = 1.5 x nonpregnant range)

_ TSH levels (mIU/L)

Population-based, trimester-specific reference ranges

7-12 weeks 0.14
2nd & 3rd 0.54
trimester



Gestational thyrotoxicosis vs Graves disease Risk of iodine deficiency: | supplement 150 ug/d N

| ¢cr | 6D

TRADb No Yes Hypothyroid pregnant woman

Thyrotoxic symptoms mild variable * Preconception: TSH < 2.5

Stigmata of GD none may be present « TLT4 dose 30% as soon as pregnancy is confirmed
T3:T4 ratio <20:1 5201 « Postpartum: returning LT4 to preconception dose
N/V Yes No

GT: persistent hyperthyroidism after GA 18 wk Subclinical hypothyroidism treatment

requires evaluation for an alternate Dx _ _
First trimester

Normal TSH A Sg&""f’:jiz"i‘ém > 10 mIU/L
ypothy No treatment recommended

- Switch from MMI to PTU as soon as pregnancy is Second or third trimester

Clear treatment indication

Pre-existing Graves disease in preghancy

Normal TSH ellegli el > 10 mIUIL
hypothyroidism

Serum TSH Concentration

Thyroid nodule ~ nonpregnant patients

confirmed (concern MMI embryopathy) OR
» Discontinue MMI with careful TFT monitoring (Mmi
5-19 mg/d Rx for 12-18 Mo with normal TFT & neg TRAD)

 Lowest dose, keep FT4 high N

« (Cessation of ATD in the 3™ trimester if TSH not

* Non-aggressive PTC: may delay Sx until delivery
suppressed and undetectable TRADb



Prediction of
Fetal and Neonatal Graves Disease

Placenta Fetus

Measurement of TSH receptor Ab
All women with active Graves disease; S/P RAI or Sx ATDs,

¥

v

Early pregnancy T RAb
TRADb positive ‘ ’ TRADb negative
ok ot retal [T GA 18-22 wk No need to F/U 13, T4, || 7\ ,
TRADb positive ‘ ’ TRADb negative (LT 4)

Risk of neonatal GA 30-34 wk No need to F/U

Graves disease
TRAb > 3xULN: high risk TSH, hCG,

RAI = radioactive iodine; Sx = surgery; TRAb = TSH receptor Ab thyrog IObU I | N

ATD = antithyroid drug
Leo SD, Pearce EN. Lancet Diabetes Endocrinol. 2018;6:575-86.



ADRENAL



Normal Adrenal Gland

Rt Adrenal
gland

IVC »
Liver

Rt At
Kidney &

Capsule —a—, |
Cortex —#= 77
Medulla -+~ Y/ )

Adrenal glands lie superior and anteromedial to the kidneys.

« The Lt adrenal gland lies more anteromedial than superior
when compares to the Rt adrenal gland.

Shape: inverted V or Y, triangular

Size: should not be thicker than the adjacent crus of diaphragm.



CT/MRI finding of adrenal mass

Adrenal Incidentaloma '

Assess in parallel

= ~

. Is this a malignancy? Is this biochemically active?
« Common, ~2% general population, | kil | i

Adrenal gland
> 7° > =N i
7% age 70 yrs Non-contrast CT adrenal (1% line) Capsule ——
. Benign Features Indeterminate or suspicious for malignancy i T e
* Rare in age <40 yrs Size < 4om Size > 4 cms Zona ___ BEERECNEE
Hounsfield unit < 10 Heterogeneous ’ glon;erulosa ' f&?ﬁ}
. : i i i rticoids wAZEGRFET
« ~29%: adrenocortical cancer Homogenous density Hgigr?:fzgijsitélietlrgo ineralocorticoids E?"X‘g{&aq
. . . Zona B i‘:w‘»f

* Up to 10%: autonomous secretion Is this a malignancy? Cortex1  fasciculata EHEEARRAE
. Benign radiology Further investigations may be required o g 5;,’(:‘{‘5{1‘ %
f or patient goes direct to surgery ucocorticoids f'*ﬁ%ﬁ}’- i

of adrenal hormones Chemical shift MR FDG PET-CT Zona —_>'§"‘“*"a‘
‘ | AR reticularis g%?}ig&i :
Exclusion in every case Androgers - SN
,‘_: : . ,‘é
v" Pheochromocytoma and | | , Adrenal ¢ f’f‘
_ _ —_— T1 in-phase T1 out-of-phase = tmﬁdlulla. mj
autonomous cortisol secretion el -

!

Clinical Assessment

Biochemical assessment of adrenal
a ﬁ ﬁ é hyp(irfun((;)tion o -
« 1mg Overnight dexamethasone
L lﬁg ks L Suppression test
« Autonomous cortisol hypersecretion?
« Plasma or urinary metanephrines
« Aldosterone/renin ratio

Sherlock M et al. Endocr Rev. 2020;41(6):775-820. « Adrenal androgens

Exclusion in people with

Androgens =

hypertension and/or hypokalemia

a Mineralocorticoids

v" Primary aldosteronism




BENIGN vs MALIGNANT FUNCTIONING?

Non-contrast CT Favoring Surgery Favoring Follow-up

» (Careful clinical exam - S & S of hormonal excess

Tumor size >6cm <4cm _
« All patients:
Imaging Heterogeneous mass Homogenous with _ _ _
» 24-h urine fractionated metanephrines or
morphology with irregular margins smooth border
preferable plasma free metanephrines

CT Density > 10 (20) HU  Density < 10 (20) HU _ | _

o » Mild autonomous cortisol secretion (MACS):

Lipid rich
(sensitivity 100%, HT, glucose intolerance, T2DM, obesity,
no F/U) osteoporosis

Imaging an indeterminant mass 1-mg DST
> 5 ug/dL: MACS

Poor evidence underpinning 2" or 3" line imaging compared
to repeat noncontrast CT 6-12 Mo later < 1.8 ug/dL: exclude MACS
Favouring a benign adrenal lesion:
« Contrast-enhanced washout CT scanning

(>60% absolute washout, delayed scan at 15 min)

» Loss of signal intensity _
on out-phase MRI chemical shift imaging (testosterone/estradiol)

« If malignancy or hyperandrogenism: sex steroids
e DHEAS, 17-OHP, androstenedione

« Absent FDG uptake on FDG-PET (or uptake < that of liver) « If HT or hypokalemia: renin, aldosterone

EJE. 2016,175:R51-64, EJE. 20171177:475-483.



Indications for adrenalectomy
Functioning - Which patients?

Adrenalectomy for unilateral adrenal tumors with
clinically significant hormonal excess

For mild autonomous cortisol hypersecretion (MACS)
« Additional tests may be required
 ACTH to confirm “autonomy”
« Evaluation of degree of hypercortisolism, co-morbidities (BP,
diabetes, BMD) and response to medication, age, surgical risk

» Hydrocortisone cover for surgically Rx patients who have not

suppressed cortisol to < 1.8 ug/dL post 1 mg-DST
Bilateral adrenal incidentalomas

Up to 10% total
Both lesions to be assessed at the time of diagnosis as for
unilateral lesions in terms of benign or malignant risk
Clinical and hormonal screen as for unilateral lesions
BUT with addition of 17-OHP (to exclude CAH) and
exclusion of adrenal insufficiency

Higher rate of metastases, cortisol excess, pheo, CAH

Follow-up

If the non contrast CT is consistent with benign adrenal mass
(< 20 HU), with a lesion that is homogenous and <4 cm in
diameter, NO further imaging is required

“Indeterminate” mass: F/U 6-12 Mo

Sx if > 20% growth (with at least 5 mm T in diameter)

Except in patients with MACS, avoid repeat hormonal testing
unless clinically indicated and/or co-morbidities such as DM,
BP deteriorating

Annual re-testing in MACS

Indications for a FNA...
almost never!

Main indication for adrenal biopsy:

confirm Dx of extra-adrenal metastasis

Only if ALL of the following criteria are met:
* The lesion is not conclusively benign on imaging criteria
» The lesion is hormonally inactive with pheo excluded

« Outcome will affect therapeutic strategy



2023 European Society of Endocrinology clinical practice guidelines on the management of adrenal incidentalomas,

in collaboration with the European Network for the Study of Adrenal Tumors

Adrenal incidentaloma™? Unenhanced CT

Assess in parallel Imaging work-up in patients with adrenal incidentaloma

see Table 4

see Figure 5

Discuss in MDT meeting = Discuss in MDT meeting

Aim at the establishment of a definitive diagnosis No and consider and consider
further imaging Additional proceeding swiftly proceeding swiftly
required imaging' to additional to surgery**

imaging'?

I Discuss in multidisciplinary team ' (or interval imaging (or further imaging
in 12 months) (orimmediate surgery) (esp. FDG-PET/CT))

Clinically relevant
Indeterminate Benign adrenal hormone excess
mass with MACS or tumor with
malignant features

Primary decision

Non-functioning,
benign lesion
(e.g. adenoma, mass

(myelo-)lipoma)

Follow-up

¥

Interval imaging Interval imaging
in 6-12 months in 6-12 months

No further SeeFigure’s Surgery, details (non contract CT/MRI) (non contrast CT/MRI)
investigation see Figure 7




2023 European Society of Endocrinology clinical practice guidelines on the management of adrenal incidentalomas,

in collaboration with the European Network for the Study of Adrenal Tumors

Apparently benign adrenal incidentaloma

¥

1mg Dexamethasone Suppression Test (DST)

Serum cortisol < 50 nmol/L Serum cortisol = 50 nmol/L’

2 1.8 ug/dL

No evidence of autonomous
cortisol secretion

Overt .
Cushing syndrome w Overt features of Cushing syndrome?

Mild autonomous cortisol
secretion (MACS)

Comorbidities potentially
attributable to cortisol??

Consider ACTH- MACS confirmed?
dependent . ACTH independency?*®
Cushing syndrome

% Monitor for development

No treatment Consider specific of comorbidities POtEntLaIIy
and no follow-up treatment® attributed to cortisol

Adrenal mass in a patient with extra-adrenal malignancy’

¥

Benign radiological features

hormone excess?

Relevant

Consider
individualized
treatment

@ Would the result of pathalogical

assessment alter
clinical management?’

®

Management as for
primary malignancy

Adrenal biopsy,
FDG-PET/CT
or resection



m A 61-yr-old woman: W/U diverticulitis and found adrenal incidentaloma

e CT: a 3.5-cm left adrenal mass, 17 HU, absolute contrast washout of 80% at 10 min

* No HT, normal serum Cr and electrolytes, 1-mg DST < 1.8 ug/dL

Which of the following is the most appropriate test to perform next?

A. Adrenal biopsy Answer: D. Repeat CT
B. Adrenalectomy

1-mg overnight DEX test (UFC not sensitive)

HT and/or hypoK - PA evaluation
D. Repeat abdominal CT at 12 months Hyperandrogenism - DHEAS

C. Screening for 1° aldosteronism



A 51-yr-old woman: adrenal incidentaloma

 CT: 2.5-cmright adrenal mass, 6 HU BP 142/90, P 90/min, BMI 33

« HT Dx 2 yrs ago No Cushingoid appearance
1-mg DST: cortisol 8 ug/dL

« Perimenopause: sweating, hot flush
 Med: HCTZ, doxazosin

Which of the following is the most likely diagnosis?
A. Pheochromocytoma

B. Primary aldosteronism

C. Mild autonomous cortisol secretion

D. Non-hormone-secreting adrenal adenoma

ARR 13, plasma metanephrines WNL



m A 45-yr-old woman: bloating and constipation

« CT: 5-cm right adrenal mass, 42 HU, absolute contrast washout 38% at 10 min

« Test for pheo, subclinical Cushing: neg

* Unremarkable medical history, no med

Which of the following is the most appropriate next step in management?

A. Adrenal biopsy

B. Adrenalectomy

C. Mitotane therapy
D.Repeat CT at 6 months

Answer: B. Adrenalectomy

Adrenalectomy is recommended for adrenal incidentaloma
with radiologic features that suggest increased risk of an
adrenal malignancy (size > 4 cm, density > 10 HU, and

absolute contrast washout <50% at 10 min)

ACC - Sx Metastasis 2 Bx



Cushing Syndrome

Neuropsychiatric
disorders

Arterial
atherosclerosis
and vascular
disease

Osteoporosis
(femoral neck)

Check-list of complications

Cardiac disease

Osteoporosis
(spine) and
vertebral
fractures

Visceral obesity

Infections

Clinical suspicion for Cushing's syndrome

Does the patient

Stop glucocorticoids if take exogenous glucocorticoids
possible, follow symptoms (oral, injections, inhalers,
topical)?

Assess dinical likelihood of endogenous
Cushing's syndrome
I

| Late-night salivary cortisol (=2 tests) Intermediate or high

Screening test 24 h UFC (22 tests)

| Overnight 1 mg DST

| | Abnormal | Nt | | Normal

Preventive and curative

Phlebitis/Thromboembolism ?

treatments

» Preventive/curative anticoagulation

Hypertension ?

» PO/IV antihypertensive-

Hyperglycemia ?

» Antidiabetic drugs/insulin infusion

Infection ?

» Appropriate antibiotics

Pneumocystosis ?

» Preventive sulfamethoxazole trimethoprim

Hypokalemia ?

» |V potassium/MR antagonist

Nutritional status ?

Steroid psychosis ?

» Renutrition
Sedatives and lower cortisol levels urgently

v
Cushing's syndrome 1 Repeat 1-2 screening tests Cushing's syndrome
isunlikely 2 Exclude non-neoplasti isoli is unlikely or cyclic
(consider d CRH, d il Cushing's syndrome
midnight serum cortisol)

| | Abnormal | Discrepant Consider

Psychiatric disorders, alcohol use disorder,
pregnancy, severe obesity, polycystic ovary
syndrome, uncontrolled diabetes, anorexia,
iodi ition, excessive exerdise, illness or surgery,
repeat testing high CBG state, glucocorticoid resistance

Cushing’s syndrome unlikely or Cushing’s syndrome di i |

cyclic Cushing’s syndrome

v ¥

| Low ACTH I Normal or high ACTH

:
[ it cogsomiome | |
7

| Adrenal CT or MRI | | Pituitary MRI

v

No adenoma or equivocal I

[

v

I IPSS.

|
[ %
v v

I Pituitary gradient absent | I Pituitary gradient present I

v v Presumed Cushing’s
I Ectopic Cushing’s syndrome I Cushing’s disease I disease

Consensus on diagnosis and management of Cushing’s disease: a guideline update.
Lancet D&E 2021;9:847-75.




[ Clinical suspicion of Cushing syndrome j

v Morning cortisol .
[ Glucocorticoid use? )—YES 9 > Exogenous Cushing syndrome

I
NO

Biochemical testing
2-3 samples recommended due to intrapatient variability in consecutive samples:
e 24-hour urinary free cortisol test

* Late-night salivary cortisol measurement  Preferred: bedtime

» 1-mg overnight dexamethasone test (DST)

Inconclusive results J L Normal results —> Cushing syndrome ruled out?
J

v

Second-line testing
If high clinical suspicion with normal
or discordant results on multiple tests

* Desmopressin stimulation test

* Combined 2-day DST-corticotropin releasing
hormone stimulation test

» Consider referral to specialty center

L Abnormal results J

-

> Cushing syndrome ruled out?

Biochemically confirmed Cushing syndrome Gadelha M et al. Lancet. 2023;402(10418):2237-2252.

Abnormal results J L Normal results

<




[continued]

Biochemically confirmed Cushing syndrome

* Morning plasma corticotropin test ACTH level

>20 pg/mL J L <10 pg/mL or 10-20 pg/mLb Adrenal adenoma

Corticotropin-independent Cushing syndrome

y Primary bilateral adrenal hyperplasia
i Adrenal carcinoma

‘ Corticotropin-dependent Cushing syndrome ‘

* Magnetic resonance imaging of pituitary gland

<Gor <10 mm n dame indametere
<6 or <10 mm in diameter< J { in diameter< D 9

y, A

» Bilateral inferior petrosal sinus sampling

Central peripheral corticotropin Central peripheral corticotropin
ratio <2.0 before stimulation or ratio 22.0 before stimulation or
<3.0 after stimulation? >3.0 after stimulationd

‘ !
Ectopic Cushing syndrome

Gadelha M et al. Lancet. 2023;402(10418):2237-2252.



m A 48-yr-old woman: 6-Mo hx of 9-kg weight gain

« Easy bruising * Normal BP, BMI 38, central obesity,
* Newly Dx T2DM Rx with metformin wide violaceous striae on abdomen

« Elevated 24-h urine free cortisol and late-night salivary cortisol levels

Which of the following is the most appropriate Dx test to perform next?

A. Abdominal CT

B. ACTH level measurement Answer:

B. ACTH level

C.8-mg DEX suppression test

D. Inferior petrosal sinus sampling



m A 48-yr-old woman: 1-yr hx of 11-kg weight gain

« Easy bruising, fatigue * Underlying HT, T2DM
+ Nigh shift worker « Meds: lisinopril, estradiol, aspirin, metformin

« BP 142/88, BMI 34, central obesity, no striae, no prox m weakness

Which of the following is the most appropriate next step in evaluation?

A. Late-night salivary cortisol Answer: D. 24-h UFC
B. Morning serum cortisol Night shift worker = reverse diurnal cortisol
C.1-mg overnight DST Estrogen > T CBG - 1 cortisol

D.24-h UFC



Caveats and restrictions for tests used to screen for hypercortisolism

All tests False positive Cross-reactivity with metabolites or synthetic GCs (immunoassays)
False negative | Cyclic CS
UFC False positive Incorrect collection Carbamazepine or fenofibrate (HPLC)
Fluid intake > 4 L/d Drugs inhibit-cross-reactivity with
Pregnancy metabolites or synthetic GCs (licorice,
Pseudo-CS carbenoxolone)
False negative Incorrect collection Mild CS
GFR < 50 ml/min
1 mg-DST | False positive Elevated CBG (pregnancy, | Drugs increasing DEX metabolism by
estrogen therapy) CYP3A4 enzyme (barbiturates, phenytoin,
Decreased DEX absorption | carbamazepine, rifampicin)
Pseudo-CS
False negative Impaired liver or renal Drugs inhibiting DEX metabolism by
function CYP3A4 enzyme (itraconazole, ritonavir,
fluoxetine, diltiazem, cimetidine)
Bed time | False positive Incorrect collection Nocturnal or shift workers
salivary Blood contamination Drugs inhibiting the 11beta-HSD2 enzyme
cortisol Oral diseases (licorice, carbenoxolone)

DST = dexamethasone suppression test

Adapted from Nieman LK et al. Nat Rev Dis Primers. 2025;11(1):4.




A 38-yr-old woman: 9-mo hx of oligomenorrhea, T facial & body hair

- Deeper voice, frontal hair loss * Normal vital signs, BMI 28

 Unremarkable medical history, nomed ¢ Coarse dark hair @ chin and chest

« Total testosterone T 97 ng/dL, DHEAS T T T 910 ug/dL

Which of the following is the most appropriate Dx test to perform next?

A. Abdomlnal CT Answer: Premenopausal Postmenopausal
B. Adrenal vein sampling [atatelelellIiEl CT (@i - % é? - %
: Androgen-secreting adrenal tumor - m\ -
C.Pelvic MRI J J e
v Rapid-onset hirsutism, virilization 1o 10—+
D.Pelvic US v' The major source of DHEAS isthe  ** piaoma e Periph.

Plasma Tissues
Testo Testo

E. Pituitary MR adrenal gland



m A 52-yr-old woman: 1-yr hx of 7-kg weight gain

« Easy bruising, HT, worsening DM » Meds: metformin, lisinopril
« Hx of depression, anxiety « BP 155/97, P82, Cushingoid appearance
« T24-h UFC 205 ug/d; LNSC 298 mg/mL (<100), ACTH < 5 pg/mL

Which of the following is the most likely cause of hypercortisolism?

A. Adrenal tumor
Answer:

B. Bronchial carcinoid

A. Adrenal tumor
ACTH-independent tumor

C. Pituitary tumor

D. Psychiatric iliness

UFC = urine free cortisol; LNSC = late-night salivary cortisol



1. Suppression of renin

P r'i m a ry AI d OSte ro n is m ( PA) 2. Inappropriate/dysregulated production

of aldosterone

Vicious cycle of Urine or luminal side
increased extra- Vicious
cellular volume

and blood pressure

' Increased Na delivery |
Ppe . 200
1

J W/ ENaC AQ2
Distal | 1 1

\ 4

Glomerulus

Proximal
/tubule =

X N W |
L' N U U [/F\/ ™)
‘ tubule (
Proximal Loop of Henle and
‘ convoluted distal convoluted ROMK
w Ilzizcr)ﬁeof | tubule /Ktubule /b ) . Intercalcated cell Y,
‘ MR \Z Principal :
\ | cell }
. LU Angiotensin Il ADH :
‘\\\\\ Blacdior LLl Renin A» :
“~-._ | basolateral side 1
Summary: pathophysiologic renin-independent aldosteronism in primary aldosteronism Aldosterone — A
* M1 Distal Na* delivery M7 Al
« M Na* reabsorption/volume expansion/blood pressure (vicious cycle) Aldosterone
* M1 K+ and H* excretion
—Ad gland
» M Cardiovascular and kidney disease e

Vaidya A et al. Endocr Rev. 2018;39(6):1057-1088.; Turcu AF et al. Nat Rev Endocrinol. 2022;18(11):665-682.



High-risk populations for primary aldosteronism

High-risk populations

Severe or resistant hypertension
Unexplained or diuretic-induced hypokalemia
Hypertension with adrenal mass
Hypertension with sleep apnea

Hypertension with atrial fibrillation

Strong personal or family history

Debated expansion of eligible populations

New-onset hypertension
Stage 2 hypertension
All hypertension

Vaidya A et al. Am J Hypertens. 2022;35(12):967—-988.



The Management of Primary Aldosteronism:
Case Detection, Diagnosis, and Treatment:
An Endocrine Society Clinical Practice Guidel

J Clin Endocrinol Metab. 2016;101: 1889—-1916.

Table 3. Factors That May Lead to False-Positive or
False-Negative ARR Results

Effect on Effect
Aldosterone on Renin Effect
Factor Plasma Levels Levels on ARR
Medications®
B-Adrenergic blockers D DD U (FP)
Central agonists D DD U (FP)
(eg, clonidine,
a-methyldopa)
NSAIDs D DD U (FP)
K*-wasting diuretics R U Uu D (FN)
K*-sparing diuretics U uu D (FN)
ACE inhibitors D uu D (FN)
ARBs D Uuu D (FN)
Ca?™* blockers (DHPs) RD u D (FN)
Renin inhibitors D DU U (FP)
D (FN)
Potassium status
Hypokalemia D RU D (FN)
Potassium loading U RD U
Dietary sodium
Sodium restriction u uu U (FN)
Sodium loading D DD U (FP)
Advancing age D DD U (FP)
Premenopausal RU D U (FP)
women (vs males)?
Other conditions
Renal impairment R D U (FP)
PHA-2 R D U (FP)
Pregnancy u uu D (FN)
Renovascular HT U uu D (FN)
Malignant HT U uu D (FN)

Abbreviations: D, down arrow; U, up arrow; R, right arrow; NSAIDs,

Table

4. Measurement of ARR: A Suggested Approach

A. Preparation: agenda

1.

ine

w N

Attempt to correct hypokalemia. Measure plasma potassium in blood collected slowly with a syringe and needle
[preferably not a Vacutainer to minimize the risk of spuriously raising potassium]. During collection, avoid fist
clenching, wait at least 5 seconds after tourniquet release (if used) to achieve insertion of needle, and ensure
separation of plasma from cells within 30 minutes of collection. A plasma [K*] of 4.0 mmol/L is the aim of
supplementation.

. Encourage patient to liberalize (rather than restrict) sodium intake.
. Withdraw agents that markedly affect the ARR (219) for at least 4 weeks:

a. Spironolactone, eplerenone, amiloride, and triamterene
b. Potassium-wasting diuretics
c. Products derived from licorice root (eg, confectionary licorice, chewing tobacco)

. If the results of ARR after discontinuation of the above agents are not diagnostic, and if hypertension can be controlled

with relatively noninterfering medications (see Table 5), withdraw other medications that may affect the ARR (219) for

at least 2 weeks, such as:
a. B-Adrenergic blockers, central a-2 agonists (eg, clonidine, a-methyldopa), and nonsteroidal anti-inflammatory drugs
b. Angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, renin inhibitors, and dihydropyridine

calcium channel antagonists

="

[f necessary to maintain hypertension control, commence other antihypertensive medications that have lesser effects on
the ARR (e.g. verapamil slow-release, hydralazine [with verapamil slow-release, to avoid reflex tachycardia], prazosin,
doxazosin, terazosin; see Table 5).

. establisn OC and HRI Status because estrogen-containing medications may lower DRC and cause Talse-positive ARR

when DRC (rather than PRA) is measured (220). Do not withdraw OC unless confident of alternative effective
contraception.

B. Conditions for blood collection

1.

2.
3.

Collect blood midmorning, after the patient has been up (sitting, standing, or walking) for at least 2 hours and seated
for 5-15 minutes.

Collect blood carefully, avoiding stasis and hemolysis (see A.1 above).

Maintain sample at room temperature (and not on ice, as this will promote conversion of inactive to active renin)
during delivery to laboratory and prior to centrifugation and rapid freezing of plasma component pending assay.

C. Factors to take into account when interpreting results (see Table 3)

1

Noulph w

. Age: in patients aged >65 years, renin can be lowered more than aldosterone by age alone, leading to raised ARR.
2.

Gender: premenstrual, ovulating females have higher ARR levels than age-matched men, especially during the luteal
phase of the menstrual cycle, during which false positives can occur, but only if renin is measured as DRC and not as
PRA (220).

. Time of day, recent diet, posture, and length of time in that posture
. Medications

. Method of blood collection, including any difficulty doing so

. Level of potassium

. Level of creatinine (renal failure can lead to false-positive ARR)




Plasma aldosterone, renin (PRA or DRC): morning ambulatory seated setting

» Correct hypoK* (hypoK* - | aldosterone)

* No anti-HT drug causes a false-positive testing as long as a cut-off for PAC is used (>10 ng/dL)
« CCB, alpha-blocker: no effect

« ACEI/ARB, high dose amiloride, triamterene: T PRA

 MRA: if suboptimal dose, PRA not suppressed - should not be discontinued

* DRC false high in women receiving estrogen, but not PRA

DRC = direct renin concentration; PRA = plasma renin activity
Young Jr WF. J Intern Med. 2019;285(2):126-148.



PA Screen for primary aldosteronism

v v

Overtly positive screen Positive screen
- < Aldosterone > 15 ng/dL * Aldosterone 10-15 ng/dL
* Renin suppressed * Renin suppressed

v v
Confirmatory testing*

} }

Failure to suppress aldosterone

using classical criteriaf marginally below thresholds of

classical criteria®

} v

L > Confirmation of primary <--- Mild or non-classical primary
aldosteronism aldosteronism
v v
Localize source of aldosterone Consider empiric
and initiate targeted therapy MR antagonist therapy

Vaidya A et al. Endocr Rev. 2018;39(6):1057-1088.

Suppression of aldosterone, but only

v

Possibly positive screen
* Aldosterone 5-10 ng/dL -
* Renin suppressed

\

}

Marked suppression of aldosterone
below thresholds of classical criteriat

Low-renin <
essential hypertension
\/
Consider empiric MR antagonist therapy
and/or
Consider future re-evaluation for primary
aldosteronism

© 2018 lllustration ENDOCRINE SOCIETY

*Confirmatory testing

* Oral Na suppression
Supine IV saline
suppression (saline loading)
Fludrocortisone suppression
Captopril challenge

No need for
confirmatory testing if
« Spontaneous hypoK
« PAC > 20 ng/dL and
PRA< 1 ng/mL/h



Criteria and Interpretations of Biochemical Screening Results for PA

Criteria

Most conservative

Conservative and most
widely accepted

More permissive but
less widely accepted

Most permissive

ARR, ng/dL
per ng/mL/h

=40

=20 or =25

Serum

Aldosterone,
ng/dL

=20

=9-10

Plasma Renin
Activity, ng/mL/h

=0.50

=0.50

Comments

Highest risk of missing
mild-to-moderate severity
cases (i.e, more false-negatives)

Some risk of false-negatives

Some risk of false-positives

Highest risk of positive screens
that are not true cases
(i.e, more false-positives)

Vaidya A et al. Endocr Rev. 2018;39(6):1057-1088.



PA Subtype Testing for Primary Aldosteronism

Normal, micronodularity, l
- bilateral masses

| I | l ,Unilateral hypodense
or atypical unilateral Adrenal CT scan nodule >1 cm and <2 cm ]
mass (but not ACC)

¥ N
Surgerynot  Surgery Surgery Surgery not
desired desired

desired sponthypok desired
/ and PAC > 30
_ >35y | <35y & marked
i N | | ‘/consider PA, consider
(B)
SeneVeihiStepings

— T No lateralization Lateralization Mec!IcaI therapy
. ()2:9660 ”20470 122 | 11:1 with AVS with AVS Wlth a MRA
LTarenal | 13315 12608| 1.1
e 110|  s52| 20 | /
*Cosyntropin infusion 50 mcg/hr
Medical therapy Unilateral laparoscopic | Postop: hyperk,
with a MRA adrenalectomy unmasked CKD

Cortisol co-secretion: if adrenal adenoma >1.5 cm
DHEAS, overnight 1-mg DST



Confirmed primary aldosteronism
I

v v

Unilateral disease Bilateral disease
Strongly recommend Bilateral, but grossly Bilateral, but relatively
unilateral adrenalectomy asymmetrical autonomous symmetric autonomous
aldosterone secretion aldosterone secretion
CT ad | l v
dadrena
, Evaluate for biochemical Young age?
and clinical cure Cardiovascular comorbidities?

Chronic kidney disease?

v

Y \]
Consider partial . :
3 adrenalectomy to attenuate —» Ln‘elongﬂl:/l i UL
| . . erapy
severity of disease? l

I

|

- l Normalization

: of BP and potassium
|

Persistently elevated BP or hypokalemia despite
- - - - maximal MR antagonist therapy, and/or chronic ¢

kidney disease limiting MR antagonist therapy Attompt fo raise renin?

¢ * Increase MR antagonist dose
» , , * Dietary sodium restriction
_____ Addition of other anti-hypertensive « ENaC inhibitors

medication classes
Vaidya A et al. Endocr Rev. 201 8,39(6) 1057-1088. © 2018 lllustration ENDOCRINE SOCIETY



AVS

Adrenal Venous Sampling

Right adrenal vein —

Successful catheterization?

Selectivity index

Cortisol adrenal vein
Cortisol inferior vena cava

* >2 without cosyntropin stimulation
* >5 after cosyntropin stimulation

Lateralization?

Lateralization index

Aldosterone:cortisol ratio of the dominant adrenal vein
Aldosterone:cortisol ratio of the contralateral adrenal vein

Contralateral suppression index

Aldosterone:cortisol ratio of the contralateral adrenal vein
Aldosterone:cortisol ratio of the inferior vena cava

External
iliac vein

Right femoral I Ny
vein

Turcu AF et al. Nat Rev Endocrinol. 2022;18(11):665-682.

Right adrenalgland\

Inferior phrenic vein
Left adrenal gland

Adenoma

— Inferior
vena cava

Common
iliac vein

Left femoral% k

vein



m A 55-yr-old man: resistant HT Rx with HCTZ, amlodipine, losartan

« BP 152/98, P 72

« Serum electrolytes: normal

Which of the following is the most appropriate test?

Answer:

A. Adrenal CT D. renin

B. Aldosterone measurement after oral sodium loading _ _
In patients with

24-h urine K m rement suspected PA taking an
C urine easureme AGEIARD.
D.Plasma renin activity measurement an elevated serum

renin level excludes PA



m A 52-yr-old man: difficult-to-control hypertension, biochem confirmed PA

« BP 149/98, P 75

« CT: 0.8-cm right adrenal mass, 13 HU
Which of the following is the most appropriate management?

A. Adrenal vein sampling

B. Increase metoprolol

C.Increase losartan

D. Right adrenalectomy



Pheochromocytoma/Paraganglioma (PPGL)

A Adrenal B Extra-adrenal
pheochromocytoma pheochromocytoma
Source: Joseph Loscalzo, Anthony Fauci, Dennis Kasper, Stephen Hauser,
Dan Longo, J. Larry Jameson: Harrison's Principles of Internal Medicine, 21e
Copyright © McGraw Hill. All rights reserved.

Vagus n.
Jugular
ganglion

Nodose
ganglion

Jugular v.

Sup.
laryngeal a.

Int.
laryngeal a.

Recurrent
laryngeal n.

Aortico-
pulmonary p.

Coronary p.

C Head and neck paraganglioma

Tympanic n.
Jugular p.

Intravagal p.

Glossopharyngeal n.

Intercarotid p.
Sup. laryngeal p.
Inf. laryngeal p.

Subclavian p.
Pulmonary p.

Descending aorta

“Classic triad”

v’ episodic headache

v diaphoresis

v’ palpitation
Also occur in normotensive
patients
Newly Dx Takotsubo
syndrome or unexplained
DCM need to evaluation of
PPGLs



Genetic PPGL

~40% germline mutation

Cluster | pseudohypoxic
SDHA, SDHB, SDHC,
SDHD, SDHAF2, FH,

VHL, IDH1/2, MHD 2,
EGLN1/2, HIF2/EPAS
Cluster Il kinase group
RET, NF1, TMEM127,

MAX and HRAS

Cluster Ill Wnt signaling
CSDE1 and MAML3

Cluster 2
kinase signaling

Cluster 1 Cluster 3
pseudohypoxic signaling Whit signaling
Glucose | LBET, FoFRt, MET MERTK] | puieq D)
GLUT'ﬂ % g
—H—&>
GNOIWNS -« ™ @ ="
l»—« .

-CoA /P Isocitrate

[0 @ e
Fatty acid . m;
oxidation @

SDHA SDHD
() | some somarz
SDHC
Succinate

Fumarate g l

t Fumarate t Succinate

o-Ketoglutarate
\ |

e 2

%
%

S

EGLN1

EGLN2

D
mmm
/\/\/\\/\/\/\/

~—

! !

DNA hypermethylation Downregulation
of celluar energy

Cancers (Basel). 2022; 14(3): 594.

Angiogenesis

R

invasion and Downregulation Cell growth Chromatin Apoplosis Prolferation
metastasis of metabolism remodeling evasion and survival



PPGL

OH OH
o/

Ho© CI)/H Ho©clm Ho©c|;H2
HO CI:H2 HO CI:H2 HO (|3H2
NHCH;, NH, NH

Epinephrine Norepinephrine Dopamine

2
N /P 4 OO@\/\‘
OH

/
COMT HO e COMT HO GHa CH;0 CHg
HO (l;:o HO C|):O HO (|3H2
OH OH NH,
4 Dihydroxymandelic \ 4 Dihydroxyphenyl- 3-Methoxytyramine

acid acetic acid
@ O
O\ /
OH OH N N3

CH30 CI:H CH3;0 Cl:H CH3;0 (|3H2
HO CH, comT HO CH, HO C=0

| [ |
NHCH, NH, OH
Metanephrine Normetanephrine Homovanillic acid (HVA)

2N L

OH ] . .
CH,0 SH 24-h urine fractionated metanephrine
HO ¢=0 _
OH Plasma metanephrine

Vanillylmandelic acid (VMA)

Diagnostic: > 2xULN

Williams Textbook of Endocrinology, 14" Edition

Suspected pheochromocytoma

* Hyperadrenergic spells

« Resistant hypertension

« MEN2, NF1, VHL

* Adrenal incidentaloma

* Pressor response during anesthesia, surgery, or
angiography

» Onset of hypertension at a young age < 20 yrs

« Idiopathic dilated cardiomyopathy

« Cyanotic congenital heart disease

Medications that May Increase Measured
Levels of Fractionated Catecholamines

and Metanephrines

Tricyclic antidepressants (including cyclobenzaprine)

Levodopa Alpha-methyldopa

Drugs containing adrenergic receptor agonists (e.g., decongestants)
Amphetamines

Buspirone and antipsychotic agents

Prochlorperazine

Reserpine

Withdrawal from clonidine and other drugs (e.qg., illicit drugs)

lllicit drugs (e.g., cocaine, heroin)

Ethanol

acetaminophen, mesalamine, sulfasalazine interfere with
LC-ECD methods



Evaluation of PPGL indicated (Table 2)

e Exclude drugs which could cause false positives
* Avoid exercise on day of testing
e Patient supine for 30 minutes

\

Biochemical testing

Plasma free metanephrines or

e 24 hour urine fractioned metanephrines

Normal

l

High metanephrines
<3-4 times normal value

!

High metanephrines
>3-4 times normal value

!

Repeat plasma free metanephrines

Confirm reference values are for
supine position and according to age

Imaging
MRI abdomen and pelvis
If negative consider CT/MRI head, neck
and chest versus functional imaging

!

< 2 times normal value
PPGL unlikely

Follow patient and repeat
biochemical testing

> 2 times normal value

Imaging with MRI versus
functional imaging

A 4

Functional imaging
To detect metastasis or multifocal
disease, or localize tumor when
CT/MRI are negative

e CT abdomen &

pelvis: 1st choice

* Noncontrast CT

<10 HU
exclude pheo

T2 hyperintense
“Light bulb sign”

Functioning
imaging for
searching
metastasis
or multiple
lesion



Perioperative management of
pheochromocytoma
Initiate a-blocker and high-sodium diet (to prevent

postural hypotension):
Titulate until BP goals

Drug class

Drugs known to provoke

pheochromocytoma paroxysms

Relevant clinical use

Sympathomimetics

BP uncontrolled or
a-blocker side effects

l

Add calcium channel blocker

Persistent postural hypotension

1

Increase high-sodium diet or
saline infusion

Serotonin and norepinephrine

Heart rate above target reuptake inhibitors
1 Monoamine oxidase inhibitors

Chemotherapeutic agents

Neuromuscular agents

Add p_blocker Peptide and steroid hormones

B-adrenergic blockers

Opiate analgesics

Dopamine D2 receptor antagonists

Tricyclic antidepressants

Preoperative goals:
1. BP <130/80 mmHg with upright systolic
blood pressure >90 mmHg

2. HR 60 —70 bpm seated/ 70 — 80 bpm standing

Postop complications:

| hypotension, hypoglycemia

Fagundes GFC et al. J Endocr Soc. 2022;6(2):bvac004.

Used to treat symptoms from catecholamine excess, such as
hypertension, cardiomyopathy, and migraine

Induction of surgical anesthesia

Decongestants, anti-obesity agents, control of low blood
pressure during surgical anesthesia

Control of psychosis, hot flushes, nausea, vomiting, and
tranquilizing effect

Insomnia, nocturnal enuresis, headaches, neuropathic pain,
and depression

Depression, anxiety, panic attacks, and anti-obesity agents

Not usually used as antidepressants
Treatment of malignant paraganglioma
Induction of surgical anesthesia

Diagnostic testing

Adequacy of preoperative a blockade

No in-hospital BP > 160/90 for 24 h prior to Sx
No orthostatic hypotension with BP< 80/45

No ST or T wave changes for 1 wk prior to Sx
No > 5 PVCs/min



W/U pheochromocytoma Answer: A. Amitriptyline

D ©
Ganglion
~ - Blood vessel
-, s Inhibitors of epmephnne .

A\ and norepinephrine
A reuptake

?) | Q \
)7 /Cell membrane
B \norep nephrine
J

Which of the following

medications should be

U transporter

discontinued prior to

screening for ki
pheochromocytoma? | R

A. Amitriptyline )X e, 20 s

. / ‘ ’f Epineph:n; N - . ;
B. Chlorthalidone / N e, Py ©
e evs - 4

C. Metoprolol \\ i/ S |
D.Omeprazole '“’L'L“‘.’.'::EE’E::E.’,‘.Z“ )

Neary NM, Klng KS, Pacak K. N EngIJ Med 2011; 364(23): 2268-2270.



Multiple endocrine neoplasia type 2

Mucosal neuroma

MEN 1 MEN 2A MEN 2B
Pituitary — Mucosal Mucosal
adenoma neuromas neuroma
Marfanoid
Parathyroid - -Parathyroid Eogy
hyperplasia hyperplasia abitus
- Medullary Medullary Corneal nerve
thyroid thyroid hvbertrobh
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Pancreatic & kidney cysts

Von Hippel-Lindau CNS hemangioblastomas

Central nervous system
(including brainstem,
cerebellum, spinal cord)-

\ Endolymphatic

sac in ear

= Adrenal glands
Pancreas (s
o Kidne,s:“ﬁ,a

Broad ligament

(in females) C‘ - ‘j
Epididymis \——?

/v (in males)

Retinal
hemangioblastomas




Neurofibromatosis type 1

CALMs café-au-lait macule

* Orbital dysplasia
* Tibial dysplasia
* Pseudarthrosis

Plexiform neurofibroma

Infancy Early childhood

e Skinfold freckling
e Lisch nodules

Scoliosis

1

* Dermal neurofibroma
e Paraspinal neurofibroma

Brainstem glioma

EECEEDME

Pigmentary lesions

Neurofibromas

Skeletal abnormalities

Learning, cognitive and social deficits
Malignancies

Low-grade tumours

e Learning deficits
* ADHD or ASD
* Motor and/or speech delays

I

Optic pathway glioma

Adolescence

Adulthood

e MPNST
® Breast cancer
* High-grade glioma

NF1 patients have higher predilection to develop tumors like pheochromocytoma, GIST, and pancreatic NET

B w7 e
e » 5.7 «
| ¥
| . « .
»

Café-au-lait macule

Neurofibromas

Nature Reviews | Disease Primers
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Adrenal Insufficiency (Al)

* Bilateral adrenal incidentalomas: Al and CAH should be excluded.

latrogenic Al: inhaled corticosteroid (CS, fluticasone) & CYP3A4 inhibitor (protease

inhibitor); megestrol acetate

Concurrent hypothyroidism & Al: LT4 should be started only after CS replacement

TSH < 10 in patients with newly Dx Al might not indicate hypothyroidism;

TSH often normalize with CS replacement alone

Special situations
 Shift workers: changing timing according to the individual schedule

* Hemodialysis patients: no longer need for fludrocortisone; CS plan (CS might be lost through HD)

ACEI/ARB

« Essential HT in 1°Al patients: check fludrocortisone dose, preferred CCB, a-blocker .
not effective

CS = corticosteroid



Endocrine toxicities of immune checkpoint inhibitors

Incidence (%)

20
Type of ICl therapy
! Anti-CTLA4
15— - Anti-PD1 or anti-PDL1
W Combined
10
5 —
0 -
6\
&

Primary adrenal |
insufficiency

Diabetes mellitus —{— I |

Thyroid dysfunction - I—‘ la |

Hypophysitis }—I |

/[
I | I/ | |

0 25 50 75 350 450
Onset after ICl initiation (weeks)

Wright JJ et al. Nat Rev Endocrinol. 2021;17(7):389-399.



Glucocorticoid-induced
Adrenal Insufficiency

Hypothalamus

CRH

Anterior pituitary

ACTH

Exogenous
glucocorticoid
entering systemic
circulation

Adrenal cortex

Cortisol) ‘€25

Hypothalamic-Pituitary-Adrenal
(HPA) Axis

Borresen SW et al. J Clin Endocrinol Metab. 2022;107(7):2065-2076.

NOT considered to have HPA
suppression

» Any patient who has been taking any dose of
GC for < 3-4 weeks

« Patients who have received morning doses
of < 5 mg/day of prednisone or its equivalent

for any length of time

Concomitant medications affecting the HPA axis

« CYP3A4 inhibitors: amiodarone, cyclosporine,
verapamil, itraconazole, several antiviral meds
(protease inhibitors), grapefruit juice

« HPA axis suppressors: opioids

GC = glucocorticoid

F Beuschlein et al. J Clin Endocrinol Metab. 2024;109(7):1657-1683.



Grade

General Characteristics

Characteristic Operations

Grade I
(Minor)

Grade II
(Moderate)

Grade III
(Major)

Minimal to mild risk
independent of
anesthesia

Minimal to moderately
invasive procedure

Potential blood loss of
<500 mL

Moderate risk
independent of
anesthesia

Moderately to
significantly invasive
procedures

Potential blood loss of
500-1500 mL

Major to critical risk
independent of
anesthesia

Highly invasive procedure

Potential blood loss
>1500 mL

Usual postoperative
intensive care unit stay
with invasive
monitoring

Minor general surgical
procedures (skin/
subcutaneous tissue
procedures, inguinal
hernia repair, breast
biopsy)

Endoscopy (including

cystoscopy, hysteroscopy,

bronchoscopy, minor
laparoscopy,
arthroscopy)

Minor gynecologic
procedures (tubal
ligation, dilation, and
curettage)

Minor otolaryngology
procedures
(myringotomy tubes,
tonsillectomy/
rhinoplasty)

Open or laparoscopic
resection/reconstruction
of the digestive tract;
cholecystectomy

Thyroidectomy

Cystectomy, nephrectomy

Hysterectomy or
myomectomy

Laminectomy

Joint replacement

Any major
orthopedic-spinal,
oropharyngeal, or
genitourinary repair or
reconstruction

Any intracranial, major
vascular, or

cardiothoracic procedure

PERIOPERATIVE MANAGEMENT OF PATIENTS ON GCs

Regimen Degree GC regimen
of Sx Stress

Patients

Grade |

currently Minor

on GCs

Grade I
Moderate

Grade Il
Major

GC = glucocorticoid; HC = hydrocortisone

Continue daily dose of GC

25 mg of IV HC at induction

if not able to tolerate PO

Resume oral daily preop. GC regimen

Continue daily dose of GC

25-50 mg of HC IV at induction

15-25 mg HC q 6 hours. until

PO is tolerated and hemodynamically stable
Resume oral daily preop. GC regimen

Continue daily dose of GC

50 mg of HC IV at induction

25 mg of HC IV q 6 hours on day 1 and

until hemodynamically stable,

then 15 mg IV g 6 hours until PO is tolerated
Resume oral daily preop. GC regimen

Cardenas SMC et al. J Endocr Soc. 2022;7(2):bvac185.



PERIOPERATIVE MANAGEMENT OF PATIENTS ON GCs

Patients who stopped -+ Assess HPA axis in patients with intermediate to high risk

or plan to stop GCs The closer the date of discontinuing GCs before surgery,
before surgery the higher the risk of Al

» Rx based on the degree of surgical stress in those who have abnormal HPA axis

Adrenal crisis « 100 mg of HC IV (IM if no IV access)
* 50 mg g 6 hours until hemodynamically stable and then taper*
» Taper depending on clinical response-1V fluids (normal saline),

dextrose 5% if hypoglycemia

*Some experts favor continuous glucocorticoid infusion
GC = glucocorticoid; HC = hydrocortisone Cardenas SMC et al. J Endocr Soc. 2022;7(2):bvac185.
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