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Key Long Case

• History 

• Physical examination 

• Laboratory investigation 

• Interpretation:  CT abdomen, CT brain, etc. Level 1 & 2

• Clinical correlation 

• Diagnosis 

• Treatment

• Specific 

• Supportive 

• Advice 

Imaging

• Bone and joint radiography, Chest X-ray

• Skull X-ray

• CT brain, abdomen, thorax

• MRI brain

• Thyroid uptake and scan

Hormones 

• Adrenal function test
• Parathyroid hormone
• Pituitary function test

• Thyroid function test
• Urinary metanephrine/normetanephrine 

• Water deprivation test
• Reproductive hormones

Level 2



Outlines

• Adrenal insufficiency 
• Primary adrenal insufficiency 
• Central adrenal insufficiency 

• Hypopituitarism 
• Anterior pituitary/posterior pituitary

• Functioning pituitary tumor 
• Cushing’s disease 
• Prolactinoma
• Acromegaly 

• Aldosterone
• Primary aldosteronism 
• Secondary aldosteronism 

•  Cushing’s syndrome
• Exogenous Cushing’s 
• Endogenous Cushing’s 

• ACTH-dependent Cushing’s syndrome 
• ACTH-independent Cushing’s syndrome  

• Pheochromocytoma 
• Syndromic PPGL 

• Hyperthyroidism 

• Hypercalcemia
• PTH-dependent hypercalcemia
• PTH-independent hypercalcemia

• MEN1 
• Hypoglycemia 



Adrenal Insufficiency



Adrenal Insufficiency: Manifestations

• Manifest with symptoms of chronic adrenal insufficiency 
• Non-specific symptoms, e.g., nausea/vomiting, weight loss, postural 

hypotension, etc. 

• Some patients may present with adrenal crisis.

• Decompensated stage of adrenal insufficiency 
• Always look for precipitating factors, e.g., infections, drug interactions, etc. 

• OR it can be the first manifestation of chronic adrenal insufficiency in some patients. 



Adrenal Insufficiency: Signs and Symptoms

Symptoms 
• Fatigue or anorexia 

• GI symptoms 
• Salt craving หิวเกลือ*

• Postural hypotension

Signs
• Weight loss 

• Fever ไม่จ ำเป็น 
• Hyperpigmentation* ผิวคล ำ้ขึน้
• Hypotension (SBP<110 mmHg) 

↑ ACTH levels

*Only found in primary adrenal insufficiency

Mineralocorticoid deficiency



Laboratory Findings 

• Electrolyte disturbances: most common  
• Hyponatremia 
• Hyperkalemia (in primary adrenal insufficiency)
• Hypercalcemia

• Azotemia
• Anemia 
• Eosinophilia



Pathophysiology of Adrenal Insufficiency

Hypothalamic-pituitary-adrenal axis

Central adrenal insufficiency
• May be called secondary and tertiary 

adrenal insufficiency

Primary adrenal insufficiency

Patients may have other 
hypothalamic/pituitary hormone deficits.
• e.g., TSH, FSH/LH, vasopressin 

Patients may have other adrenal hormone deficits.
• Mineralocorticoids (including aldosterone)
• Adrenal androgen

Image created with Biorender



Etiology of Adrenal Insufficiency

วาสิตา วราชิต ภาคสุข. “Adrenal insufficiency” Inpatient medical consultation การรับปรึกษาผู้ป้วยในทางอายุรศาสตร้. พิมพ้คร้ังท่ี  1. กรุงเทพมหานคร

& PD1, PDL1 inhibitors
Immune checkpoint inhibitors can also result in 
primary adrenal insufficiency.  

↓↓

↓



Etiology of Adrenal Insufficiency

วาสิตา วราชิต ภาคสุข. “Adrenal insufficiency” Inpatient medical consultation การรับปรึกษาผู้ป้วยในทางอายุรศาสตร้. พิมพ้คร้ังท่ี  1. กรุงเทพมหานคร

↑↑

↓↓

Patients may have other adrenal hormone deficiencies.
↓ Aldosterone
↓ Adrenal androgen 



History Taking

• ซกัเร่ืองอำกำรของ adrenal insufficiency 
• เบ่ืออำหำร น ำ้หนกัลด ไข้ น ำ้ตำลต ่ำ (หรือน ำ้ตำลคมุได้ดีขึน้ในคนท่ีเป็นเบำหวำนเดิมทัง้ที่ใช้ยำเท่ำเดิม หรือ น ำ้ตำลตก
ทัง้ท่ีเดิมไม่เคยเป็น) ลกุนัง่เปลี่ยนท่ำทำงแล้วมีอำกำรหน้ำมืด ฯลฯ 

• ซกัหำ etiology ของ adrenal insufficiency 



ซกัเพ่ือหำ etiology (central adrenal insufficiency)

• Drug-induced
• Glucocorticoids ถำม dose duration, Cushingoid feature, ประวติัน ำ้หนักขึน้ หน้ำกลมขึน้ เคยหยดุแล้วมีอำกำรอ่อนเพลีย 
• Immune checkpoint inhibitor ถำมประวติัมะเร็ง ประวัติยำท่ีใช้ และ onset 

• Hypothalamic and pituitary tumors 
• Pituitary adenoma ถำมเร่ือง mass symptoms, อำกำร hormonal deficiency อื่นๆ, อำกำรของ functioning 

tumors อื่นๆ, ไมค่วรมี AVP deficiency ยกเว้น postoperative อำจมีได้ 
• Craniopharyngioma เกิดได้ต ัง้แต่อำยนุ้อย อำจมี AVP deficiency ร่วมด้วยได้ 

• Sheehan syndrome ประวติัตกเลือดหลงัคลอด ไม่มีน ำ้นมให้ลกูกิน หลังจำกคลอดบตุรอำจจะไม่มีประจ ำเดือน
• Pituitary apoplexy ประวติั thunderclap headache 

• Metastatic cancer เด่นเร่ือง AVP deficiency 

History Taking



ซกัเพ่ือหำ etiology (ต่อ – primary adrenal insufficiency) 

• อำกำรหิวเกลือ (mineralocorticoid deficiency), ผิวคล ำ้ขึน้ (elevated ACTH)

• Onset หำกเป็นตัง้แต่เด็ก คิดถึงโรคทำงพนัธุกรรม 
• Most common = CAH ถ้ำจะออกสอบบอร์ด น่ำจะ 21-OH deficiency ท่ีเป็น classic salt-wasting form ผู้ป่วยจะมำด้วย ambiguous 

genitalia + adrenal crisis ตัง้แตเ่ด็ก 
• Adrenoleukodystrophy (ALD): presenting symptoms are usually AI in infants (80%) and myelopathy in adults 

• Infection: 
• Non-HIV, non-DM มองหา Adrenal histoplasmosis หรือ Adrenal TB ด้วย!!!

• HIV + low CD4 มองหำ opportunistic infection ต่ำง ๆ 

• Infiltration: 
• Metastatic CA: CA metastasis ≠ primary AI เพรำะ adrenal gland ต้องเสยีมำกและสองข้ำง จงึจะมีอำกำรของ primary AI

• Adrenal hemorrhage 
• มักมาด้วย acute AI + ปวดท้อง + มี risk factors 

• Risk factors: coagulopathy (on anticoagulants, antiphospholipid syndrome), trauma, sepsis 

• Other autoimmune diseases, e.g., autoimmune polyendocrine syndrome (APS) 
• APS type 1: primary AI + chronic mucocutaneous candidiasis + hypoparathyroidism  

• APS type 2: primary AI + autoimmune thyroid disease และ/หรือ T1DM  

History Taking



• Vital signs: hypotension, postural hypotension, tachycardia 

• Local tumor effect: VF defect ในกลุ่ม pituitary tumor ที่ compress optic chiasm 

• Skin hyperpigmentation ใน primary AI: บริเวณที่พบเช่น palmar crease, knuckle, buccal 
mucosa และ surgical scar  

• Signs ของ autoimmune disease อื่น เช่น anemia (B12 deficiency), thyroid 
abnormalities, vitiligo, mucocutaneous candidiasis

แนวทางการตรวจรา่งกาย

Image from Williams textbook of endocrinology 13th edition



Approach to Patients with Suspected Adrenal Insufficiency

วาสิตา วราชิต ภาคสุข. “Adrenal insufficiency” Inpatient medical consultation การร ับปรึกษาผู้ป้วยในทางอายุรศาสตร้. พิมพ้คร้ังที่  1. กรุงเทพมหานคร

** Cutoff ของ ACTH stimulation test ในปัจจุบนั มี
propose วา่ต ่าลงเป็น 14-15 mcg/dL (ขึ้นอยูก่ับ assay 

และ ยี่หอ้ของแลบ) ในกรณีท ีใ่ช้ assay อื่นๆ ที่ specific 

กว่า polyclonal immunoassay เช่น monoclonal หรอื
liquid chromatography mass spectrometry 
(LCMS/MS) 

Zha L et al. Endocr Pract 2022. PMID: 35487459.
Javorsky BR et al. J Endocr Soc 2021. PMID: 33768189.



Adrenal Crisis

• Adrenal crisis = medical emergency

• Patients may manifest with signs and 
symptoms of circulatory failure 

• Most severe manifestation of adrenal 
insufficiency

• Could result from either primary or central 
adrenal insufficiency

• Mortality rate ∼ 6% 
• It may contribute to increased mortality 

attributed to infectious disease among patients 
with hypoadrenalism 

Symptoms, signs & biochemical 
characteristics of adrenal crisis

Symptoms
• Anorexia, nausea, vomiting 
• Severe fatigue 
• Postural dizziness, syncope
• Confusion

Signs
• Hypotension
• Impaired consciousness 
• Fever 

Biochemical abnormalities
• Hyponatremia 
• Hypoglycemia 
• Eosinophilia 

Rushworth RL, Torpy DJ, Falhammar H. Adrenal Crisis. N Engl J Med. 2019 Aug 29;381(9):852-861. 



Adrenal Crisis

• If an adrenal crisis is suspected 
• Draw blood for cortisol & ACTH 

• Prompt treatment with glucocorticoids is needed
• Hydrocortisone 100 mg IV (or IM) bolus, then 200 mg in 24 hrs 

• Alternatives: 

• Dexamethasone 4 mg q 24 hrs 

• Prednisolone 25 mg then 25 mg x 2 doses (total 75 mg/24 hrs)

• Methylprednisolone 40 mg q 24 hrs 

• Others: IV fluid, correct precipitating factors 

• Symptoms will be markedly improved after 1-2 hours of parenteral 
glucocorticoid administration

** Do not wait for cortisol results to start treatment** 

Rushworth RL, Torpy DJ, Falhammar H. Adrenal Crisis. N Engl J Med. 2019 Aug 29;381(9):852-861. 



Diagnosis 

• Initial test: Morning cortisol (7-9 am)

Williams textbook of endocrinology 14th edition

Cortisol peaks in the morning 



15

3 

Cortisol (𝜇g/dL)

Cortisol < 3-5 𝜇g/dL 
→ Indicative of adrenal insufficiency 

Cortisol > 15 𝜇g/dL 
→ Likely excludes adrenal insufficiency

Cortisol 3-15 𝜇g/dL → Dynamic testing

• Insulin tolerance test (ITT)
• ACTH stimulation test 

Morning cortisol 

18

Bornstein SR, Allolio B, Arlt W et al. Diagnosis and Treatment of Primary Adrenal Insufficiency: 
An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 2016 Feb;101(2):364-89.  



15

3 

Cortisol (𝜇g/dL)

Cortisol 3-15 𝜇g/dL → Dynamic testing

• Insulin tolerance test (ITT)
• ACTH stimulation test 

J Clin Endocrinol Metab 101: 0000–0000, 2016 

Morning cortisol 

18

Low cortisol in combination with elevated ACTH → “highly 
predictive for primary adrenal insufficiency” 
• 8 AM cortisol < 5 mcg/dL & ACTH > 2-fold upper normal limit or 

reference ranges 

Endocrine society guidelines for management of primary adrenal insufficiency 2016



ACTH Stimulation Test 

• Using synthetic ACTH-(1–24) 
• High dose or standard dose (250 mcg)

• Low dose (1 mcg)

• Measure cortisol level at 30 or 60 min (or 
20 & 40 min)

• Peak cortisol < 18-20 mcg/dL → indicates 
adrenal insufficiency 

Cortisol response following ACTH stimulation 

Standard dose

Low dose

Mean cortisol level at 30 min in both groups 
were not significantly different (P=0.077).  

Mayenknecht J et al. Comparison of low and high dose corticotropin stimulation tests in patients with pituitary disease. J Clin Endocrinol Metab. 1998 May;83(5):1558-62.
Abdu TA et al. Comparison of the low dose short synacthen test (1 microg), the conventional dose short synacthen test (250 microg), and the insulin tolerance test for assessment of the 

hypothalamo-pituitary-adrenal axis in patients with pituitary disease. J Clin Endocrinol Metab. 1999 Mar;84(3):838-43.  
Ospina NS et al. ACTH Stimulation Tests for the Diagnosis of Adrenal Insufficiency: Systematic Review and Meta-Analysis. J Clin Endocrinol Metab. 2016 Feb;101(2):427-34.    

Recent studies showed that the cutoff of peak cortisol 
lowered to 14-15 mcg/dL when using newer cortisol assays.

Zha L et al. Endocr Pract 2022. PMID: 35487459.
Javorsky BR et al. J Endocr Soc 2021. PMID: 33768189.



Insulin Tolerance Test 

• Gold standard in the diagnosis of central adrenal insufficiency 

• Administer insulin, 0.05-0.15 U/kg iv

• Sample blood at -30, 0, 30, 60 & 120 min for; 
• cortisol, glucose 

• Glucose < 40 mg/dL → peak cortisol > 18.1 -20 𝜇g/dL 

J Clin Endocrinol Metab 101: 0000–0000, 2016 



• Contraindication 
• Ischemic heart disease/arrhythmia

• Epilepsy

• Not advisable in children and the elderly 

Insulin Tolerance Test 

Fleseriu M et al. Hormonal Replacement in Hypopituitarism in Adults: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 2016.



Glucose < 40 mg/dL

Subnormal response 

Normal response 

Cortisol >18.1-20.0 𝜇g/dL 

Insulin Tolerance Test

Erturk E, Jaffe CA, Barkan AL. Evaluation of the integrity of the hypothalamic-
pituitary-adrenal axis by insulin hypoglycemia test. J Clin Endocrinol Metab. 1998.



ACTH level: to differentiate between central 
and primary adrenal insufficiency

Primary adrenal insufficiencyCentral adrenal insufficiency

Normal or low ACTH levels High ACTH levels↑

MRI pituitary
CT adrenal glands



ACTH: Specimen Handling Technique

• Collected in pre-chilled EDTA tube 

• Transported on ice to the lab 

• ACTH is rapidly degraded → falsely low results 
• If not processing right away, it must be centrifuged immediately and kept 

at -20 ∘C 

Clin Biochem. 36(2):109-12, 2003.



Approach to Patients with 
Primary Adrenal Insufficiency

วาสิตา วราชิต ภาคสุข. “Adrenal insufficiency” Inpatient medical consultation การรับปรึกษาผู้ป้วยในทางอายุรศาสตร้. พิมพ้คร้ังท่ี  1. กรุงเทพมหานคร



CT Adrenal Glands

Images from https://radiologykey.com/adrenal-gland-imaging/

Adrenal 
histoplasmosis

Normal adrenal 
glands on CT



 กำรรักษำ 
• Glucocorticoids: 

• หลกักำร = ใกล้เคียง physiologic dose มำกท่ีสุด  (ถ้ำขนำดมำกไป → iatrogenic Cushing’s syndrome แต่ถ้ำน้อยไป → adrenal crisis)

• Hydrocortisone 15-25 mg/day (2-3 ครัง้/วัน) หรือ Prednisolone 3-5 mg/day (1-2 ครัง้/วัน)

• Dose ละเอียดๆ คือ 5-8 mg/m2

• หลีกเล่ียง dexamethasone ในกำร replacement เนื่องจำกมี Cushingoid side effects เยอะ 

• Surgery/illness → ปรับเพิ่มขนำดตำม stress 

• กรณีท่ีผู้ป่วยกินไม่ได้ → เปล่ียน route เช่น SC, IM 

• Pregnancy → prefer hydrocortisone > prednisolone > dexamethasone (ผ่ำนรก)

• Central AI: 
• Other pituitary hormonal replacement, e.g., LT4 ในคนท่ีมี central hypothyroidism, etc. 

• Primary AI: 
• Mineralocorticoids: fludrocortisone 50-100 mcg/day ในคนท่ีมี deficiency 

• Sex steroid: สำมำรถให้ DHEA ในผู้หญิง low libido, low energy level แม้จะได้กำรรักษำสองอย่ำงข้ำงต้นดีแล้ว 

 Monitor: BW, อำกำรทั่วไป (BP, postural hypotension), electrolyte, well-being 

Patient education: steroid emergency card, sick day management → prevent adrenal crisis 

Genetic counseling ในโรคที่ถ่ำยทอดทำงพันธุกรรม 
Reference: 

1. Stewart PM, Newell-Price JDC. The adrenal cortex. In: Melmed S, Polonsky KS, Larsen PR, Kronenberg HM, eds. Williams Textbook of Endocrinology. 13th ed. Philadelphia, PA: Elsevier; 2016:490-555.

2. Bornstein SR, Aliolio B, Arit W, et al. Diagnosis and treatment of primary adrenal insufficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab 101: 364–389, 2016 

Adrenal Insufficiency: Treatment



Condition Suggested Action

Home management of 
illness + fever 

Hydrocortisone dose x 2 if BT >38˚C
Hydrocortisone dose x 3 if BT >39˚C

Unable to tolerate oral medication Hydrocortisone 100 mg im or sc 

Minor-moderate surgical stress Hydrocortisone 25-75 mg/24 h

Major surgery - Hydrocortisone 100 mg iv then 200 mg iv drip in 24h or 50 mg 
q 6 h iv or im 

- Rapid tapering and switch to oral regimen 

Other procedures, e.g. dental procedure (extra morning dose 1 h before surgery, double the oral dose 
for 24 h then return to normal dose after sugery)  

1. Bornstein SR, Allolio B, Arlt W et al. Diagnosis and Treatment of Primary Adrenal Insufficiency: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol 
Metab. 2016 Feb;101(2):364-89.  2. European Journal of Endocrinology (2015) 172, R115–R124 3. UK Addison’s disease self-help group; www.addisons.org.uk. 

Steroid Management in Specific Situation 



Patient education & Identification

• Sick day management 

• Discussing signs & symptoms of adrenal 
insufficiency

• Situation which required dose 
adjustment

• Steroid emergency card

Bornstein SR et al. Diagnosis and Treatment of Primary Adrenal Insufficiency: 
An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 2016 Feb;101(2):364-89.  



Take home message

• Adrenal insufficiency is common & deadly if untreated. 

• If adrenal crisis is suspected; 
• blood samples are needed: cortisol and/or ACTH 

• Prompt treatment with glucocorticoids is needed without awaiting lab results. 

• If no adrenal crisis
• Initial investigation: morning cortisol (7-9 AM)

• Dynamic testing may be required 

• ACTH – to differentiate between primary and central adrenal insufficiency



Hypopituitarism & Pituitary Tumors



Clinical Signs

• Local effect 

• Pituitary hormones 
• Hypofunction 

• Hyperfunction 



Clinical Signs: Local Effects 

Coronal view Sagittal view

Hypothalamus 

Sella turcica 

Williams Textbook of Endocrinology 13th edition.

Hypothalamus 



Clinical Signs: Local Effects 

Hypopituitarism

• Loss of red perception
• Bitemporal hemianopia
• Superior/bitemporal field defect  
• Blindness

Uncinate seizures

• Ptosis 
• Diplopia
• Ophthalmoplegia

Central: Headache, hydrocephalus, laughing seizures 
Hypothalamus: Temperature dysregulation, obesity, diabetes insipidus (AVP deficiency) 
Frontal lobe: Personality disorder 

Williams Textbook of Endocrinology 14th edition



Hormonal Evaluation: Hypopituitarism 

General
• Fatigue, weakness, decreased 

exercise capacity (TSH, ACTH, 
FSH/LH, GH)

• ↑ /↓ Weight (TSH, ACTH)

Gastrointestinal
• Anorexia, Nausea/vomiting (ACTH)
• Constipation (TSH)

Cardiovascular/metabolic 
• ↓lean body mass, ↑fat mass (GH)
• Hypertension, bradycardia, impaired 

cardiac function (TSH)
• Dyslipidemia, Impaired glucose 

tolerance (TSH, GH)

Reproductive 
• Oligo/amenorrhea (TSH, ACTH, 

FSH/LH)
• ED, low libido, vaginal dryness 

(FSH/LH)

Skin
• Loss of body hair (TSH, ACTH, 

FSH/LH)
• Dry skin (TSH, ACTH)

Anterior Pituitary 

Vasopressin
• Polyuria
• Persistent thirst throughout 

day & night 
• Desire for cold liquids 

Posterior Pituitary 

J Clin Endocrinol Metab 101: 0000–0000, 2016 



Disorder Hormonal Measurement Dynamic test 

ACTH 8-9 AM cortisol
 

Insulin tolerance test 
ACTH stimulation test

TSH FT4, TSH Not recommended

GH Single GH measurement = not 
recommended

Except in patients with 3 other pituitary 
hormone deficiency

Insulin tolerance test 
GHRH + Arginine test 
Glucagon stimulation 

test 

FSH/LH FSH, LH, PRL
T in male, E2 in female 

Not recommended 

GHRH, growth hormone releasing hormone; T, testosterone; E2, estradiol 

J Clin Endocrinol Metab 101: 0000–0000, 2016 

Anterior Pituitary 

Hormonal Evaluation: Hypopituitarism 



Diagnosis N (N=2598)

Anterior pituitary mass 981

Cysts 79

Nonadenomatous neoplasms 46

Inflammatory and vasculitis 9

Infectious 2

Metastases 11

Vascular 22

Miscellaneous 43

Hypothalamic 4

Undiagnosed 159

Normal pituitary 1242

Anterior pituitary mass 
• Prolactinoma (40%)
• Non-functioning adenoma (37%)
• Pituitary carcinoma (0.02%)

Cysts
• Rathke cleft cyst (53%)
• Craniopharyngioma (42%)

Nonadenomatous neoplasms
• Meningioma (70%)
• Chordoma (7%)

Metastases 
• Breast cancer (30%)
• Others: lung, lymphoma, liver, nasopharyngeal carcinoma  

Miscellaneous 
• Empty sella (49%)

J Clin Endocrinol Metab 96: 1633–1641, 2011 



Pituitary Imaging: Look for Hypothalamic, 
Sellar/Parasellar Lesions!

Infundibulohypophysitis

Normal MRI

Pituitary macroadenoma

Pituitary macroadenoma

Image from Williams textbook of endocrinology 14th edition



Pituitary Imaging

Rathke cleft cysts Pituitary adenomas with 

cystic degeneration

Craniopharyngiomas

• An ovoid shape
• Small tumor volume 
• Little or no cyst wall 

enhancement  
• Rarely found 

calcifications 

• A “snowman” shape 
• Solid characteristics and homogeneous 

enhancement of the solid portion  

• Mixed solid and cystic 
characteristics

• Calcifications occurred in up 
to 80% (some types)

• Reticular enhancement of 
solid portions

• May have lobulated shape 
with third ventricle 
compression  

Clinical Radiology (2007) 62, 453e462 

T1W + Gd T1W + Gd T1W + Gd



A 66-year-old female presented with 
sudden severe headache

Physical examinations

• BP 140/80 mmHg, PR 70 bpm

• E4M6V5

• Pupils 3 mm RTLBE (EOM/ptosis were not documented) 

Laboratory investigations 

• Na 134 K 3.5 Cl 100 HCO3 27

• Hb 13.7 g/dl Hct 40 % WBC 5,800  (N 50% L 40%) Platelet 215,000 

• PT 11.4 sec, INR 0.96, PTT 33.7 sec

• FT4 0.28 ng/dl (0.54-1.24), TSH 1.74 uIU/ml (0.34-5.6) 

• 8 AM cortisol = 6 𝜇g/dL 

CT brain at 8 days after the onset of headache 



MRI pituitary (8 days after the onset of headache)

T1W T2W

T1W + Gd T1W + Gd





Pituitary Apoplexy 

• A clinical syndrome, characterized by; 

• Sudden onset of headache, visual impairment and decreased consciousness 
caused by hemorrhage and/or infarction of the pituitary gland 

• It is a rare event 
• Prevalence: 6.2 cases per 100,000 

• Incidence: 0.17 episodes per 100,000 per year 

• Occurred in male > female, age 5th or 6th decade 

Endocrine Reviews 36: 622– 645, 2015 



Pituitary Apoplexy

• 2-12% of patients with adenomas experienced apoplexy  
• More frequently observed in non-functioning pituitary adenomas

• Generally discovered late and are usually larger than functioning adenomas 

• Other tumor types: prolactinomas, GH-secreting adenomas  

Precipitating factors in pituitary apoplexy

• Major surgery, especially CABG 

• Dynamic pituitary function tests 

• Anticoagulation therapy 

• Coagulopathies 

• At the time of apoplexy 
• The diagnosis of pituitary tumor was 

unknown in 75% of patients 
• Precipitating factors were identified in 10-

40% of patients. 

Endocrine Reviews 36: 622– 645, 2015 



Clinical Presentation

• Headache (usually the first symptoms)
• Described “like a thunderclap in a clear sky” 

• Visual disturbances  
• Visual field impairment 

• VA loss can occur 

• CN palsy (most common = CN III)  

• Other neurological signs 
• Alteration of consciousness 

• Meningeal irritation 

Clinical presentation is highly variable, 
determined by extent of hemorrhage 
and necrosis 

Endocrine Reviews 36: 622– 645, 2015 



Endocrine Dysfunction 

• Multiple acute endocrine insufficiencies can occur due to; 
• The destruction of the anterior pituitary  

• Increased intrasellar pressure on the pituitary stalk 

• ACTH deficiency was reported in 50-80% of patients with apoplexy. 
• Empirical steroids should be given to patients with pituitary apoplexy, without 

waiting for cortisol result.

• TSH deficiency and gonadotropin deficiency were reported in 40-75%.

• Diabetes insipidus is rare at onset. 

Endocrine Reviews 36: 622– 645, 2015 



Imaging 

• MRI is the imaging procedure of choice 
• Increased DWI signal in ischemic tissue is observed within a few minutes after 

arterial occlusion

• CT is usually the initial emergency examination for patients with 
severe headache of sudden onset. 

• It rules out subarachnoid hemorrhage 

• It shows an intrasellar mass in 80% of cases, with hemorrhagic components in 
20%–30% of cases  

• After a few days, blood density decreases and may be more difficult to detect   

Endocrine Reviews 36: 622– 645, 2015 



Management: 

• Hydrocortisone was given and referred to KCMH 

At KCMH 
• Prolactin 1.6 ng/mL (3-25)

• FSH 4.3 IU/L (1.6-9.3)

• LH 0.9 IU/L (2.4-9.3)

• IGF1 72.9 ng/mL (32-214)

• FT4 0.46 ng/dL (0.8-1.8), TSH 1.157 uIU/mL (0.3-4.1)

Impression: 
• Non-functioning pituitary macroadenoma 

with pituitary apoplexy 
• Panhypopituitarism



Genes Associated With 
Familial Pituitary Tumor Syndromes 

Williams textbook of endocrinology 14th edition



Polyuria

• Definition 
• Urine volume >40-50 mL/kg/day OR >3 L/day 

• Etiology 
• Water diuresis 

• AVP deficiency (known as “central DI”)

• AVP resistance (known as “nephrogenic DI”)

• Primary polydipsia 

• Solute diuresis 
• e.g., mannitol, hyperglycemia 

Polyuria ≠ Frequency 



Diagnosis 

• History 
• Onset, age, desire for cold liquids 

• Associated symptoms e.g., fever, weight loss, bone pain

• Physical examination 

• Laboratory investigation 
• Electrolytes, serum/urine osmolarity

• Additional test: water deprivation test 

• Imaging
• Posterior bright spot 

• Stalk/hypothalamic lesions 



The Hypothalamic-Posterior Pituitary Axis

Stalk

Atila C, Refardt J, Christ-Crain M. 
Nat Rev Endocrinol 2024. PMID: 38693275.



Atila C, Refardt J, Christ-Crain M. 
Nat Rev Endocrinol 2024. PMID: 38693275.



• Urine < 5 L/day -> NPO หลงัเที่ยงคืน
• Urine > 10 L/day -> NPO หลงั 6.00

• Primary polydipsia -> NPO หลงัอำหำรเย็น

(optional)



Indirect Criteria of Miller-Moses Test

Urine Osm

Before DDAVP After DDAVP

AVP deficiency Complete < 300 > 50%

Partial 300-800 9-50%

AVP resistance Complete < 300 < 9%

Partial < 300-500 9-50%

Polydipsia > 500 < 9%



Relationship between 
pAVP & Concurrent 

Osmolarity 

Nephrogenic DI 

Central DI 



Interpretation of Water Deprivation

Time Urine Osm. Serum Osm. BW (kg)

0 135 300 61.4

1 hr 141 61.2

2 hr 146 305 60.6

3 hr 270 60.6

(270-146)/146 x 100 = 85%

DDAVP 0.1 mL NS 



Etiology of AVP Deficiency and AVP Resistance

AVP Deficiency AVP Resistance

Congenital • AVP gene mutations (AD or AR)
• Wolfram syndrome (AR)

• AVPR2 gene mutations (X-linked 
recessive)

• AQP2 gene mutations (AR>AD)

Acquired • Trauma 
• Tumors 

• Ischemic encephalopathy 
• Infiltrative

• Autoimmune
• Infectious diseases 

• Idiopathic 

• Drug-induced  
• Hypercalcemia
• Renal diseases  

• Infiltrating lesions of the kidney 
• Sickle cell disease or trait 

DIDMOAD = DI, DM, optic atrophy, deafness



Imaging 

• Posterior bright spot 
• Appear bright in T1W  

• Present in ∼80% of normal subjects.

• Patients with AVP deficiency may have persistent 
bright spot 

• Stalk lesions 

• Hypothalamic lesions 

Williams textbook of endocrinology 14th edition



Stalk Measurement

Williams textbook of endocrinology 14th edition
J Clin Endocrinol Metab 98: 1812–1818, 2013 

3 mm

2 mm

AP Lateral View

Consider stalk thickening 
> 4 mm at optic chiasm

> 3 mm at pituitary insertion



Diseases Associated with Enlarged Stalk 

• Germ cell tumor

• Craniopharyngioma 

• Metastasis (e.g., CA breast, lung)

• Lymphocytic infundibulohypophysitis 

• Langerhans & Non-Langerhans cell histiocytosis

• Granulomatosis with polyangiitis 

• Sarcoidosis

• Tuberculosis

Image from Williams textbook of endocrinology 14th edition



A 22-year-old female presented with amenorrhea for 1 year

She also had weight loss and nocturia. 

• 8 AM cortisol 2 𝝁g/dL 

• FT4 0.5 ng/dL (0.8-1.8), TSH 4 uIU/mL (0.3-4.1) 

• Prolactin 65 ng/mL (4.7-23.3)

• FSH 0.1 IU/L, LH <0.1 IU/L

• Estradiol < 18 pmol/L 

• Urine sp.gr. 1.004 

• 𝜷-hCG 74.2 mU/mL (0-5)

• 𝜶-fetoprotein 1.1 IU/mL (0-10)



MRI pituitary 

T1W T2W

T1W + Gd T1W + Gd



• Hormonal replacement 
• Glucocorticoids, thyroid hormone supplement and DDAVP 

• Craniotomy with stalk biopsy
• Findings: yellowish, soft, suckable tumor, moderately vascularized at sellar & suprasellar 

region 

• Pathological result: 
• Germinoma  



Intracranial Germ Cell Tumors 

• Tumors may present as large compressive lesions or as a thickening of the 
pituitary stalk impinging on the optic chiasm →

• Visual field defects

• Hormonal deficiency 

• Diabetes insipidus 

• Histological diagnosis is the mainstay of treatment. 
• Patients with elevated 𝜷-hCG and/or 𝜶-fetoprotein can be treated without a biopsy.

• Prognosis is related to the histological subtype. 

J Clin Endocrinol Metab 104: 3108–3123, 2019 



Management: 
• Chemotherapy (EP x 4)

• Radiotherapy 

• Hormonal replacement 

5 years 



Treatment Hypopituitarism

• Specific 
• Depending on etiology 

• Supportive 
• Hormonal replacement if indicated 

• Central adrenal insufficiency: glucococorticoid replacement (NO need for 
mineralocorticoid replacement), monitor clinical symptoms 

• Central hypothyroidism: LT4 and monitor FT4 (keep upper half of the reference range) 

• AVP deficiency: Desmopressin 



Cushing’s syndrome Acromegaly

Cushing’s disease 

• Dexamethasone suppression test 

• 24-hr UFC 

• Late night salivary cortisol 

TSH-secreting tumor 

• FT4, TSH

Acromegaly

• IGF-I

Prolactinoma 

• PRL 

Screening test for functional pituitary adenomas 

Williams textbook of endocrinology 13th edition
Lancet Diabetes Endocrinol (2016) 4: 611–29

Nat Rev Dis Primers. (2019) 5:20  

Summary: Functioning Pituitary Tumors 



Hypertension



McEvoy JW et al. Eur Heart J 2024. PMID: 39210715.



McEvoy JW et al. Eur Heart J 2024. PMID: 39210715.

Screening Tests for Secondary Hypertension

Associated with Turner syndrome

It’s also not unusual for patients to never have hypokalemia. 
However, patients with more severe disease usually have 
hypokalemia or lower K levels.   



When to Screen for Secondary Hypertension

• Drug-resistant/induced hypertension

• Abrupt onset of hypertension 

• Onset of hypertension at <30 years old 

• Exacerbation of previously controlled hypertension 

• Disproportion of target organ damage for the degree of hypertension 

• Accelerated/malignant hypertension 

• Onset of diastolic hypertension in older adults (≥65 years old)

• Unprovoked or excessive hypokalemia 

New-onset or uncontrolled hypertension in adults 

Screen of secondary hypertension

Target organ damage 

• Coronary artery disease
• Cerebrovascular disease
• Hypertensive retinopathy

• LVH/dysfunction
• Heart failure

• Chronic kidney disease
• Albuminuria

• Peripheral artery disease

Whelton PK et al. J Am Coll Cardiol 2018. PMID: 29146535.



McEvoy JW et al. Eur Heart J 2024. PMID: 39210715.



History Taking
• Age of onset รวมถึง BP แรกวินิจฉยั 
• BP control & therapy adherence รวมไปถึงวิธีการวดั BP 

• นอกจากน้ีในผูป่้วยบางรายท่ีคุม BP อยู่ดี ๆ BP คุมไม่ได้กต็้องหาวา่มีสาเหตุ 

• Target organ damage เช่น เคยตรวจตาพบความผิดปกติ หรือ แพทยเ์คยวินิจฉัยวา่มีหวัใจโต เคยมี HF ฯลฯ 
• ประวติั accelerated hypertension, hypertensive emergency รวมถึงเหตุกระตุน้ดว้ย  
• Alcohol/other drugs: cyclosporine A, VEGF inhibitors, NSAIDs, 

corticosteroids 

• Family history: hereditary pheochromocytoma-paraganglioma, 
Glucocorticoid-remediable aldosteronism (GRA), Gordon syndrome ฯลฯ 

• Others: 
• อาการอ่อนแรง น  ้ าหนกัข้ึน เคยตรวจพบเกลือแร่ผิดปกติ หรือ น ้าตาลในเลือดสูง ประวติัประจ  าเดือนผิดปกติ (amenorrhea, 

PCOS) 
• ประวตัิ spells, paroxysm ทอ้งผูก น ้ าหนกัลด ประวตัิ sudden death ในครอบครัว 
• นอนกรน ง่วงนอนตอนกลางวนั หยดุหายใจ 
• ประวตัิ flash pulmonary edema, worsening renal function หลงัไดย้า ACE inh, ARB

Cushing’s syndrome

Pheochromocytoma

Obstructive sleep apnea

Renal artery stenosis



Physical examination

• BP 4 extremities & orthostatic hypotension  

• Pulse: Rates & rhythm 

• General appearance & measurement: short stature, marfanoid habitus, obese, 
cushingoid  appearance, acromegalic facies 

• HEENT: neck circumference, mallampati, thyroid gland (size/consistency/nodule)

• Heart: JVP, heave/thrill/gallop/murmur, loud P2 

• Skin: facial plethora, acanthosis nigricans, bruising, wide purplish striae, thin skin, 
hirsutism, café-au-lait spots, cutaneous lichen amyloidosis, vitiligo, onycholysis 

• Eye ground: hypertensive retinopathy, retinal hemangioblastoma 

• Neurological examination: proximal muscle weakness

• Bruits: carotid bruits, abdominal bruits



The Renin-angiotensin-aldosterone System

MR, mineralocorticoid receptor; CAH, congenital adrenal hyperplasia

Assessing Aldosterone/Renin 

In Mineralocorticoid Hypertension 

• ↑ Aldosterone, ↓Renin 
• Primary Aldosteronism 

• Aldosterone-producing lesion in 
one or both adrenal glands   

• ↑ Aldosterone, ↑Renin 
• Secondary Aldosteronism  

• Pheochromocytoma, renal artery 
stenosis, reninoma (renin-
producing tumor) 

• ↓ Aldosterone, ↓Renin 
• Something else causing MR activation 

• E.g., Cushing’s syndrome, CAH  

Image from Parksook WW, Williams GH. Cardiovasc Res 2023. PMID: 35388416.

Cortisol can bind with MR in the presence of excess cortisol – 
AKA “Cushing’s Syndrome.” → Mineralocorticoid Hypertension 



Primary Aldosteronism

McEvoy JW et al. Eur Heart J 2024. PMID: 39210715.

, or other kinds of aldosterone-producing lesions in one/both adrenal glands 



Health Impact of Primary Aldosteronism

Cardiovascular Risk

• Coronary artery disease

• Congestive heart failure

• Left ventricular 
hypertrophy 

• Atrial fibrillation 

• Stroke 

• Cardiovascular mortality

Kidney Risk

• Glomerular 
hyperfiltration

• Accelerated decline in 
glomerular filtration rate

• End-stage kidney 
disease 

• Proteinuria

Metabolic Risk

• Type 2 diabetes mellitus 

• Metabolic 
syndrome/obesity

• Obstructive sleep apnea 

• Osteoporosis/fractures

Vaidya A et al. Am J Hypertens 2022. PMID: 35767459.



Who to Screen?

Groups with high prevalence of PA
• Blood pressure >150/100 mmHg, grade 2 and grade 3 hypertension 

• Resistant hypertension 

• Hypertension and spontaneous or diuretic-induced hypokalemia 

• Hypertension and adrenal incidentaloma

• Hypertension and sleep apnea 

• Hypertension and family history of early-onset hypertension or 
cerebrovascular accident at a young age (<40 years) 

• All first-degree relatives of patients with PA 

Endocrine Society 2016

Funder JW et al. J Clin Endocrinol Metab 2016. PMID: 26934393
Mulatero P et al. J Hypertens 2020. PMID: 32890264

Naruse M et al. Endocr J 2022. PMID: 35418526.

All hypertensives – Japan guidelines 2021
Atrial fibrillation – European Guidelines 2020 
All hypertensives – ESC 2024 



Images from Funder JW et al. J Clin Endocrinol Metab 2016. PMID: 26934393

Algorithm for Primary Aldosteronism Management 
According to the Endocrine Society Guideline 2016

Who to screen?

How to screen?

Confirmatory testing

Subtyping

Treatment



How to Screen for Primary Aldosteronism?

• Aldosterone-to-renin ratio (ARR)

• Aldosterone and renin values should also be evaluated independently 
rather than relying on the ARR alone. เพรำะถ้ำ renin ต ่ำมำก เอำมำหำรยังไง ARR ก็จะสูงได้ 

เชน่ Aldosterone = 5 ng/dL, PRA = 0.1 ng/mL/h 

→ ARR = 50 ng/dL per ng/mL/h 



Factors Affecting the Interpretation 
of the Screening Test

Funder JW et al. J Clin Endocrinol Metab 2016. PMID: 26934393

Factors Ideal condition 

Medication Withdraw antihypertensive 
medications that affect ARR 

Potassium levels Normokalemia 

Posture Upright 

Sodium intake Liberalized sodium diet 

Timing Mid morning, up for at least 2 hours, 
seated for 5-15 minutes 

Antihypertensive agents with minimal effects on aldosterone levels: 
verapamil slow-release, hydralazine, doxazosin 



Drugs and Conditions and their effects on 
aldosterone, renin, ARR.

McEvoy JW et al. Eur Heart J 2024. PMID: 39210715.



Interpretation of Screening Results

ARR, ng/dL per 
ng/mL/h

Serum Aldosterone, 
ng/dL 

Plasma Renin Activity, 
ng/mL/h

Most 
conservative 

≥40 ≥20 ≤0.50

Conservative ≥30 ≥15 ≤1.0

More permissive ≥20 or ≥25 ≥9-10 ≤1.0

Most permissive ≥20 ≥6 ≤0.50

Adapted from Vaidya A et al. Endocr Rev 2018. PMID: 30124805.ARR, aldosterone-to-renin ratio



Confirmatory Testing

• Patients with a positive ARR are recommended to undergo one or 
more confirmatory tests to definitively confirm or exclude the 
diagnosis. 

• However, in the setting of spontaneous hypokalemia, plasma renin 
below detection levels, plus PAC >20 ng/dL, 

• There may be no need for further confirmatory testing. 

Funder JW et al. J Clin Endocrinol Metab 2016. PMID: 26934393

ARR, aldosterone-to-renin ratio; 
PAC, plasma aldosterone concentration



Confirmatory Testing

• Saline infusion test 

• Captopril challenge test 

• Oral sodium loading test 

• Fludrocortisone suppression test  

Funder JW et al. J Clin Endocrinol Metab 2016. PMID: 26934393

การท า test Interpretation Remarks



Subtyping in Primary Aldosteronism

• Purpose: to classify between lateralizing (known as unilateral) v.s. 
non-lateralizing PA (or bilateral) 

• Modalities 
• Cross-sectional imaging 

• Adrenal venous sampling

• Other modalities 
• NP59 scans 

• 11C-Metomidate PET 

• 68Ga Pentixafor PET CT

• Adrenal steroid profiling 

Lateralizing disease

Non-lateralizing disease

Benefits from 
curative 

adrenalectomy

Aldosterone

Aldosterone

In patients <35 years with marked PA (e.g., spontaneous 
hypokalemia; PAC >30 ng/dL) and solitary unilateral apparent 
adenoma on CT scan, a case can be made to proceed directly to 
unilateral adrenalectomy without prior AVS. 

Endocrine Society 2016



Normal-appearing adrenal glands Unilateral left adrenal adenoma 

30-year-old patient, hypertension & hypoK 

PAC = 50 ng/dL, PRA 0.4 ng/mL/h 

30-year-old patient, hypertension & hypoK 

PAC = 50 ng/dL, PRA 0.4 ng/mL/h 

May skip AVS and proceed to 
left unilateral adrenalectomy 

AVS is necessary if surgery is desired



Treatment in Primary Aldosteronism

Image from Hundemer GL et al. Endocr Rev 2023. PMID: 37439256.

Postoperative (PASO criteria) 
• Clinical: Resolution of hypertension? Improved BP? 
• Biochemical: Aldosterone, renin, ARR, no hypokalemia? 

Other considerations 
• Hyperkalemia (hypoaldosteronism) – particularly in patients with 

advanced age/long-standing/CKD  
• Adrenal insufficiency – in those with mild autonomous cortisol secretion 



Image from Pivonello R et al. Lancet Diabetes Endocrinol 2016. PMID: 27177728.

Cushing’s Syndrome

History taking - Onset, hypertension (or worsening hypertension), hyperglycemia/DM, weight gain, 
secondary amenorrhea, infection, fracture, thromboembolism, muscle weakness, psychiatric disorders 

Etiology
• Exogenous Cushing’s 
• ACTH-dependent 

Cushing’s syndrome 
• ACTH-independent 

Cushing’s syndrome

If no weight gain/weight loss→ may suggest 
malignancy as an etiology 

Appearance: Cushing’s 
Biochemical profile: central AI 



Nieman LK et al. J Clin Endocrinol Metab 2008. PMID: 18334580.
Image from https://doi.org/10.1016/j.clindermatol.2006.04.012

Purplish striae 

https://doi.org/10.1016/j.clindermatol.2006.04.012


History Taking & Physical Examination

Ferriman Gallwey Scoring System

Hirsutism Endocrine Society Guideline 2011



Etiology of Endogenous Cushing’s Syndrome

In females, 
PE: hirsutism, virilization 

ในกลุม่ malignancy e.g., ectopic ACTH ผู้ป่วย
อำจจะไม่มี Cushingoid appearance แต่มำด้วยอำกำร
เด่นทำง metabolic เช่น hypertension, hypoK, 

hyperglycemia 

Cushing’s syndrome ท่ีน ำ้หนกัไม่ขึน้ 
- คิดถึง malignancy มำกขึน้ 

Lacroix A et al. Lancet 2015. PMID: 26004339.



Lacroix A et al. Lancet 2015. PMID: 26004339.



Appearance: Cushing’s Syndrome 
Biochemical: Central adrenal insufficiency 
Diagnostic test: Morning cortisol (<10 mcg/dL increased the likelihood of 
having adrenal insufficiency, <5 mcg/dL = very high likelihood)  

Beuschlein F et al. J Clin Endocrinol Metab 2024. PMID: 38724043.

Cutoff = 1.8 mcg/dL

Image from Fleseriu M et al. Lancet Diabetes Endocrinol 2021. PMID: 34687601.



< 10 pg/mL >20 pg/mL

Image from Fleseriu M et al. Lancet Diabetes Endocrinol 2021. PMID: 34687601.





Other Laboratory Investigations



Treatment 

• Supportive 
• Metabolic complications: DM, hypertension, dyslipidemia 
• Infection, thromboembolism, osteoporosis if present 

• Specific treatment 
• Unilateral cortisol-producing adrenal adenoma 

• Laparoscopic adrenalectomy → postoperative adrenal insufficiency 
→ Glucocorticoid replacement (until HPA axis recovery) & advise sick day management 

• Adrenocortical carcinoma 
• Adrenalectomy ± adjuvant treatment if indicated   

• Cushing’s disease (Pituitary Cushing’s) 
• Transsphenoidal surgery with tumor removal 
• Remission – postoperative cortisol = 2 mcg/dL 

Image from Fleseriu M et al. Lancet Diabetes Endocrinol 2021. PMID: 34687601.



Pheochromocytoma

Eisenhofer G et al. Endocr Rev 2023. PMID: 36996131.



Signs and Symptoms of 

Catecholamine Excess



Biochemical Testing

Eisenhofer G et al. Endocr Rev 2023. PMID: 36996131.



Foods and certain drugs can interfere with 
biochemical testing.

Eisenhofer G et al. Endocr Rev 2023. PMID: 36996131.



Urine: >3x URL

High probability of PPGL: tested because of previous PPGL, hereditary predisposition, adrenal incidentaloma
Low probability of PPGL: tested because of signs and symptoms of catecholamine excess

Eisenhofer G et al. Endocr Rev 2023. PMID: 36996131.



Pheochromocytoma: Imaging 

Do not biopsy !!!!!!!!!!
Lipid-poor, inhomogeneous enhancement  Hypersignal intensity in T2W 



T2 weighted MR with fat suppression showing a 
hypersignal intensity lesion at right suprarenal area (arrow) 

“Light bulb sign”

- Sign นีพ้บได้ในภาพ MRI ของ pheochromocytoma 

- โดยจะเห็นลกัษณะ lesion เป็น hypersignal intensity ใน T2W คอืดแูล้วให้ลกัษณะสว่างจ้าออกมา 
(bright lesion) มี report ว่าพบ classic sign นีใ้นประมาณ 11-65% ของผู้ ป่วย pheochromocytoma 
เนื่องจากหลายๆ เหตุผล เช่น ตวัก้อนอาจจะมีส่วนที่เป็น cystic หรือ necrotic area ฯลฯ 

- เอาเป็นว่า ถ้าเห็น sign นี ้อยา่เพ่ิง biopsy นะคะ เนื่องจากถ้าเป็น pheochromocytoma จริงๆ และ 
biopsy ไป จะท าให้เกิด pheochromocytoma crisis ได้ค่ะ

AJR 2013; 200:370–378; Abdom Radiol (2017) 42:2779 



Perioperative Management

Preoperagive goal

Blood pressure
• Seated <130/80 mmHg and 

• Upright SBP >90 mmHg 

Heart rate
• Seated 60-70/min
• Upright 70-80/min

Berends AMA et al. J Clin Endocrinol Metab 2020. PMID: 32726444.



Pheochromocytoma: Treatment 

• Preoperative: Adequate alpha-blockers, Na intake 

• Perioperative medical management
• Admit 7-14 days prior to surgery 

• High Na intake and adequate fluid  

• Monitor BP and PR 

• Surgery 
• Laparoscopic adrenalectomy 

• Consider open adrenalectomy for large (> 6cm) or invasive PHEOs

• Lifelong follow up 
• Clinical + metanephrines

• Always look for syndromic PPGL 
• Genetic counseling 

PPGL, pheochromocytomas/paraganglioma 



J Clin Endocrinol Metab, June 2014, 99(6):1915–1942

Syndromic PPGL

Syndrome Clinical findings 

Multiple endocrine 
neoplasia type 2A

Medullary thyroid cancer, primary hyperparathyroidism, and 
cutaneous lichen amyloidosis

Multiple endocrine 
neoplasia type 2B

Medullary thyroid cancer, mucocutaneous neuromas, skeletal 
deformities, joint laxity, myelinated corneal nerves, and intestinal 

ganglioneuromas 

Von Hippel-Lindau 
syndrome

Hemangioblastoma, retinal angioma, clear cell RCC, pancreatic NET, 
and serous cystadenomas, endolymphatic sac tumors of the middle 
ear, papillary cystadenomas of the epididymis and broad ligament 

Neurofibromatosis type 1 Neurofibromas, multiple café-au-lait spots, axillary and inguinal 
freckling, iris hamartomas (Lisch nodules), bony abnormalities, CNS 

gliomas, macrocephaly, cognitive deficits

Normetaneprine เด่น



Lonser RR et al. Lancet 2003. PMID: 12814730.

Von Hippel-Lindau Syndrome (VHL)



Thyroid Function Test

Conditions FT3, FT4 TSH

Primary hyperthyroidism ↑ ↓

Subclinical hyperthyroidism ↓

Hypothyroidism (primary or secondary) ↓ ↑

Subclinical hypothyroidism
Non-thyroidal illness (recovery phase)

↑

TSH-secreting pituitary adenoma 
Resistance to thyroid hormones 

Drugs, assay interference 

↑ ↑/

Secondary hypothyroid 
Non-thyroidal illness 

↓ ↓/

Adapted from Best Practice & Research Clinical Endocrinology & Metabolism 27 (2013) 745–762



Etiology of Thyrotoxicosis

TSH

FT4 FT3 

“Hyperthyroid” → High RAIU

Low RAIU 

Graves’ disease 

TSH receptor 
antibody (TRAb)  

TSH producing pituitary adenoma
(central hyperthyroidism)   

hCG

Pregnancy
Trophoblastic tumor   

Nodular thyroid disease
• Toxic adenoma 
• Toxic nodular goiter 

Thyroiditis 

Exogenous thyroid hormone
(Thyrotoxicosis factitia) 

Ectopic thyroid hormone 
production
• Struma ovarii
• Functioning metastasis follicular 

carcinoma  

RAI: radioiodine uptake 

Other causes
• Amiodarone 
• Immune check point inhibitors 
• COVID-19 related 

(infection/vaccination)

Credit slides: อ. ปนัดดำ



Etiology Treatment 

Graves’ disease Antithyroid drug (12-18 mo) 
RAI 
Thyroidectomy 

Nodular thyroid disease Antithyroid drug long-life 
RAI 
Thyroidectomy 

Thyroiditis Beta-blockers 
NSAIDs, prednisolone 

TSH producing pituitary 

adenoma 

Transsphenoidal pituitary surgery 

Ectopic thyroid hormone 

production 

Tumor removal 

hCG related hyperthyroidism Supportive treatment 
Suction & Curettage 

Thyrotoxicosis factitia Off medication 

Transient thyrotoxicosis  

Graves’ disease 

Thyroiditis 

25%

1.5% 0.3%

Credit slides: อ. ปนัดดำ



Etiology TRAb Thyroid uptake  Thyroid ultrasound and color flow 
Doppler 

Graves’ disease High High Diffuse increase Doppler flow 

Nodular thyroid disease Low High Nodular thyroid 
Increase Doppler flow at nodule 

Thyroiditis Low Low Decrease Doppler flow 

TSH producing pituitary adenoma Low High Diffuse increase Doppler flow 

Ectopic thyroid hormone production Low Low at thyroid
Uptake outside thyroid 

Decrease Doppler flow 

hCG related hyperthyroidism Low High Variable Doppler flow 

Thyrotoxicosis factitia Low Low Decrease Doppler flow 

High ESR

High hCG level

Absent of goiter, low thyroglobulin level 

MRI pituitary

Thyroid scan 

sensitivity 96–97% and specificity 99%

Pelvic ultrasound, total body scan 

TRAb TPOAb TGAb 

Graves’ disease 80-95% 50-80% 50-70% 

Autoimmune 
thyroid disease 

10-20% 90-100% 80-90% 

Credit slides: อ. ปนัดดำ



Radioactive Iodine Uptake (neck)

Diffuse increased uptake 

Multiple areas of focal increased 
& suppressed uptake

Focal uptake in the adenoma



Thyroid Scan

Images from https://www.slideshare.net/roger961/thyroid-physiology-and-disorders

• To determine the etiology of hyperthyroidism in the presence of 
thyroid nodularity.



Rx Patient Pros Cons

ATDs • Young (age < 40 yr), short 

duration, mild symptom, 

small goiter

• Contraindication to 

thyroidectomy or RAI

• Convenient 

• Avoidance of  lifelong 

thyroid hormone 

replacement, surgical risk 

and radioactivity exposure

• Long duration of treatment, need monitoring 

• Risk of relapse after stop ATDs (50%) 

• Risk of side effect form ATDs 

• Teratogenic effect esp. MMI in 1st trimester

RAI • Moderate to severe symptom

• Age > 40 yr

• Relapse after ATDs

• Allergy to ATDs

• Definite treatment 

• Avoidance of surgical risk 

and side effect form ATDs 

• Time to Euthyroidism (6 weeks to > 3 months) 

• Permanent hypothyroid (50%)

• Worsening Graves’ ophthalmopathy (GO) (20%) 

• Avoid pregnancy within 6 months after treatment  

• Contraindication: pregnancy, breast feeding, severe 

Graves’ ophthalmopathy 

Thyroidectomy • Moderate to severe 

symptom, large goiter 

• Moderate to severe GO 

• Other conditions that need 

surgery: thyroid carcinoma, 

hyperparathyroidism 

• Definite and rapid  

resolution

• Avoidance side effect form 

ATDs and radioactivity 

exposure

• Permanent hypothyroid 

• Surgical and anesthetic complications 

• Expensive

Treatment: Graves’ Disease

Credit slides: อ. ปนัดดำ



Hypothyroidism: Etiology

Primary 
• Autoimmune

• Postablative or surgery

• Drugs 

• Iodine deficiency

• Infiltrative disorders

• Congenital hypothyroidism

• Overexpression of D3 (infantile hemangioma)

Secondary
• Hypopituitarism 

• Isolated TSH deficiency (rare)



Hypothyroidism: Screening 

• Autoimmune disease, anti-TPO positive 

• T1DM, Turner’s syndrome, Down’s syndrome

• History of neck surgery, radiation

• Drugs: Interferon (IFN), Tyrosine kinase inhibitor (TKI), amiodarone

• Unexplained depression, cognitive dysfunction

• Pregnancy with recurrent abortion 



Hypothyroid: Treatment

• Type: L-T4 

• Dose: 1.6 mcg/kg/day 
• can be lower in patients with CV compromise/elderly

• Monitor 

• Clinical + labs  

• Primary hypothyroidism: TSH in reference range  

• Secondary hypothyroidism: FT4 (upper half of normal limits)  



Thyroid Nodules: Diagnostic Tools

• Other imaging modality 
• Elastography 

• Artificial intelligence/ Computer aided diagnosis 

• Radiomics 

• Nuclear medicine 

• 18-FDGs-PET  

• Serum TSH 

• Ultrasound thyroid
• Size, shape, margin, echogenicity 

content, microcalcification, vascularity

• Cervical lymph node 

Fine needle aspiration (FNA)  

Risk stratification

Thyroid cytology

Bethesda system 

Credit slides: อ. ปนัดดำ



BMJ 2020;368:l6670

Ultrasound Risk Classification of Thyroid nodule 

• FNA is not recommended 
for all nodules < 1 cm  

• Modify cut off by patients’ 
risk factors and presence 
of lymph node 

Limitation
• Inter-observer discrepancies 
• Insufficient sensitivity for 

the diagnosis of follicular 
cancers and follicular 
variant of papillary cancers

• Highest accuracy 

• Largest reduction of biopsy number
• Lowest false negative rate

Credit slides: อ. ปนัดดำ



2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid 
Cancer

> 1 cm

> 1 cm

> 1.5 cm

> 2 cm

Credit slides: อ. ปนัดดำ



J Am Coll Radiol. 2017 May;14(5):587-595.

https://tiradscalculator.com/

Credit slides: อ. ปนัดดำ



Point Composition Echogenicity Shape Margin Echogenic foci 

0 Cystic
Spongiform

Anechoic Wider than tall Smooth
ill-defined 

None 
Comet tails 

1 Mixed cystic solid Hyper/isoechoic Macrocalcifications 

2 Mostly solid or 
completely solid 

Hypoechoic Lobulated/irregular Peripheral/rim

3 Very hypoechoic Taller than wide Extrathyroidal extension Microcalcification 

ACR-TIRADS Thyroid Nodule Sonographic Characterization and Scoring 

Point Description Malignancy risk 
(%) 

FNA threshold Surveillance Repeat ultrasound 

0 TR1: benign <2 No FNA None None 

2 TR2: not suspicious <2 No FNA None None

3 TR3: mildly suspicious 5 FNA > 2.5 cm Follow if > 1.5 cm 1,3 and 5 y 

4-6 TR4: moderately 
suspicious 

5-20 FNA > 1.5 cm Follow if > 1 cm 1,2,3 and 5 y 

> 7 TR5: highly suspicious > 20 FNA > 1 cm Follow if > 0.5 cm Annually for 5 y 

Individual Sonographic Features and Associated Points ACR TIRADs classification 

Credi slides: อ. ปนัดดำCredit slides: อ. ปนัดดำ



The 2023 Bethesda System for Reporting 
Thyroid Cytopathology

Diagnostic category ROM, Mean % (range) Usual management

I: Nondiagnostic 13 (5–20) Repeat FNA with ultrasound guidance

II: Benign 4 (2–7) Clinical and ultrasound follow-up

III: Atypia of undetermined
Significance (AUS) 

22 (13–30) Repeat FNA, molecular testing, diagnostic 
lobectomy,
or surveillance

IV: Follicular neoplasm 30 (23–34) Molecular testing, diagnostic lobectomy

V: Suspicious for malignancy 74 (67–83) Molecular testing, lobectomy or near-
total thyroidectomy

VI: Malignant 97 (97–100) Lobectomy or near-total thyroidectomy

J Am Soc Cytopathol. 2023 Sep-Oct;12(5):319-325

Cytological Indeterminate Thyroid Nodule (CITN) 

Credit slides: อ. ปนัดดำ



Calcium and Bone



Clinical Manifestation: Hypercalcemia 

• Renal 
• Polyuria, nephrolithiasis, AKI and CKD
• AVP resistance (nephrogenic DI) 
• Type 1 (distal) RTA 

• Gastrointestinal 
• Constipation, anorexia, and nausea

• Cardiac 
• Shortened QT interval

• Musculoskeletal
• Bone pain

• Neuropsychiatric 
• Anxiety, depression, cognitive dysfunction, lethargy, confusion, stupor, and coma 



Calcium Homeostasis: PTH-calcium feedback loop

Adapted from Williams textbook of endocrinology 14th edition

PTH-dependent 
hypercalcemia



Hypercalcemia

Clinical evaluation
History, physical examination 

Measure electrolyte, BUN, Cr, PO4, ALP

Measure serum PTH

PTH-dependent
hypercalcemia

PTH-independent
hypercalcemia

Low Normal or high

Search for malignancy

Malignancy-associated 
hypercalcemia

Evaluate for other causes of 
PTH-independent 

hypercalcemia

Yes No 

Signs or symptoms 
of malignancy

Evaluation of Hypercalcemia

Adapted from Williams textbook of endocrinology 14th edition



Causes of Hypercalcemia 

PTH-dependent hypercalcemia
• Primary hyperparathyroidism

• Tertiary hyperparathyroidism

• Familial hypocalciuric hypercalcemia

• Lithium-associated hypercalcemia

PTH-independent hypercalcemia
• Neoplasms 

• Excess vitamin D action 

• Thyrotoxicosis

• Adrenal insufficiency 

• Immobilization 

• Drugs 

Williams textbook of endocrinology 14th edition



Evaluation of PTH-independent Hypercalcemia

Hypercalcemia

Low PTH level

Measure: PTHrP, 25(OH)D, 1,25(OH)2D, ALP, free light chains, and TSH 
Perform: serum protein electrophoresis (SPEP) and urine protein electropheresis (UPEP) 

PTHrP
high

25(OH)D
high

1,25(OH)2D
high

ALP
high

SPEP, UPEP, or 
free light chains

abnormal

TSH
low

Cancer Vitamin D 
intoxication

Lymphoma, 
granulomatous 

disease

↑Bone 
turnover
/cancer

Multiple 
myeloma

Thyrotoxicosis

Adapted from Crombie JL et al. Bad to the Bone. N Engl J Med. 2019 Jul 25;381(4):e9. 

กรณีนี ้หำกมีผลกำรตรวจ 25(OH)D ให้แล้วไม่สูง = ไม่ต้องตกใจค่ะ 
Keep calm 



Hypercalcemia of Malignancy 

• The mechanism of hypercalcemia can be multiple 

• Humoral hypercalcemia of malignancy 
• The most common tumors producing PTHrP include; 

• Squamous cell cancers (lung, head, neck, esophagus, cervix, vulva, and skin)

• Breast cancer, renal cell cancer, bladder cancer 

• T-cell lymphoma associated with human T-cell lymphotropic virus type 1 (HTLV1) 

• High 1,25-dihydroxy vitamin D in Non-Hodgkin lymphoma 

• Local osteolytic hypercalcemia 

• This may result from tumors invading bone or stimulating bone resorption 
from the produced cytokines/chemokines.  

Williams textbook of endocrinology 14th edition



El-Hajj Fuleihan G et al. J Clin Endocrinol Metab 2023. PMID: 36545746.



El-Hajj Fuleihan G et al. J Clin Endocrinol Metab 2023. PMID: 36545746.

Treatment Regimen



El-Hajj Fuleihan G et al. J Clin Endocrinol Metab 2023. PMID: 36545746.

สรุป Management 

• Specific treatment – treatment 
according to the etiology of 
hypercalcemia 

• Supportive treatment – 
hypercalcemia 



Primary Hyperparathyroidism

Bilezikian JP et al. J Bone Miner Res 2022. PMID: 36245251.



Bilezikian JP et al. J Bone Miner Res 2022. PMID: 36245251.



Bilezikian JP et al. J Bone Miner Res 2022. PMID: 36245251.
Image from Bennett J et al. Int J Endocrinol 2020. PMID: 32148487.

Brown tumors



(A) Early anterior small–field-of-view planar scintigram of the neck 10 minutes 

after 99mTc-sestamibi administration shows increased thyroid gland uptake, 

with a focus of more significant uptake (arrow) overlying the left thyroid lobe. 

(B) Delayed anterior small–field-of-view planar scintigram of the neck 90

minutes after 99mTc-sestamibi administration shows corresponding washout from 

the thyroid gland and retention of activity (arrow) overlying the left thyroid lobe. 

Bilezikian JP et al. J Bone Miner Res 2022. PMID: 36245251.
Image from Naik M et al. Radiographics 2022. PMID: 35427174.



Bilezikian JP et al. J Bone Miner Res 2022. PMID: 36245251.



ถ้ำไม่ผ่ำตดั

Bilezikian JP et al. J Bone Miner Res 2022. PMID: 36245251.



Bilezikian JP et al. J Bone Miner Res 2022. PMID: 36245251.

Medical Therapy in Primary Hyperparathyroidism



MEN1

• Primary hyperparathyroidism
• Pancreatic neuroendocrine tumor

• Pituitary adenoma 
• Others, e.g., adrenal tumor, meningioma, etc. 

HOWEVER, being >30 years old DOES NOT 
rule out syndromic forms of familial PTHPT. 



Other Radiographic Features in Primary Hyperparathyroidism

Skull

“Salt and pepper appearance”Middle phalanges 

White arrows: Severe tuftal resorption

Black arrows: Subperiosteal and intracortical 
resorption of the middle phalanges 

Middle phalanges 

White arrows: Subperiosteal bone resorption along 

the radial aspects of the middle phalanges

Always look for 
widening sella! 

Skull

Pepper pot appearance







Etiology of Hypocalcemia

Williams textbook of endocrinology 14th edition



MEN1 and common tumors
Prolactinoma

Acromegaly



Multiple Neuroendocrine Neoplasm Type1 (MEN1)

Primary 
hyperparathyroidism 

เป็นตัวเอก!! 



Prolactinoma: Signs & Symptoms

• Amenorrhea, oligomenorrhea 

• Infertility

• Decreased libido, impotence, premature ejaculation, 
oligospermia

• Galactorrhea
• Osteoporosis

Associated with 
hyperprolactinemia 

• Visual field abnormalities 

• Blurred vision or decreased visual acuity
• Hypopituitarism

• Headaches

• Cranial nerve palsies

• Pituitary apoplexy 

Associated with 
tumor mass 

Image from Williams textbook of Endocrinology 14th editionPRL, prolactin; FSH, follicle stimulating hormone; LH, luteinizing hormone



Approach to Patients with Hyperprolactinemia

Hyperprolactinemia

Rule out secondary causes

Pituitary MRI 

Prolactinoma

Pregnancy 
Lactation
Drugs 
Primary hypothyroidism
Liver cirrhosis 
Renal failure 

Features
Amenorrhea, oligoamenorrhea
Galactorrhea  
Infertility 
Decreased libido, impotence, oligospermia 

If imaging results are 
inconsistent with clinical 
findings, 
• Consider stalk effect OR 

Hook effect 

No recommended 
dynamic testing

If asymptomatic → 
consider 
macroprolactinemia 



Prolactinoma 

• Prolactinomas are classified by their size
• Size <1 cm: microprolactinoma  

• Size ≥1 cm: macroprolactinoma 

• Size >4 cm: giant prolactinoma 

• Macroprolactinomas have a greater 
propensity to grow & tumor size correlates 
with serum PRL levels. 

Serum PRL level & tumor size

Adapted from Danila DC, Klibanski A. Prolactin secreting pituitary tumors in men. Endocrinologist. 2001; 11:105-111.
Williams Textbook of Endocrinology 14th edition 



Size & Prolactin Levels in Prolactinomas 

• Prolactinomas can present with any level of PRL elevation  
• PRL levels range from minimal elevation-hundreds in macroprolactinomas. 

• PRL level >200 𝜇g/L = strongly indicative of a PRL-secreting pituitary 
tumor 

• However, it could result from some drugs, e.g., metoclopramide, risperidone, 
and phenothiazines. 

• When suspecting drug-induced hyperprolactinemia → withhold medication for ≥3 days 
and retest PRL. 

• PRL >500 𝜇g/L = only observed in prolactinomas 

Vilar L et al. Diagnosis and management of hyperprolactinemia: results of a Brazilian multicenter study with 1234 patients. J Endocrinol Invest. 2008 May;31(5):436-44.  
Arafah BM, Nekl KE, Gold RS, Selman WR. Dynamics of prolactin secretion in patients with hypopituitarism and pituitary macroadenomas. J Clin Endocrinol Metab. 1995 Dec;80(12):3507-12.

Melmed S et al. J Clin Endocrinol Metab 2011. PMID: 21296991. 
Williams Textbook of Endocrinology 14th edition 



Size & Prolactin Levels in Prolactinomas 

• If PRL <200 𝜇g/L in the presence of pituitary macroadenoma  
• Consider stalk effects 

• Macroprolactinemia can also occur with pituitary adenoma 

• However, patients with small macroadenoma + PRL ∼ 200 𝜇g/L 
• It is prudent to first treat medically 

• If the tumor shrinks → prolactinoma 

• If the tumor does not shrink → the mass is probably not prolactinoma 

Lewandowski KC et al. Coexistence of macroprolactinaemia and hyperprolactinaemia in women with oligo-/amenorrhoea is associated with high risk of pituitary adenomas. 
Gynecol Endocrinol. 2014 May;30(5):385-7. 

Kasum M et al. Laboratory and clinical significance of macroprolactinemia in women with hyperprolactinemia. Taiwan J Obstet Gynecol. 2017 Dec;56(6):719-724. 
Williams textbook of endocrinology 14th edition  



Management of Prolactinoma 

Prolactinoma 

Dopamine agonist

Drug intolerance

Lower dose               
Change medication 

Intravaginal application 
Consider surgery

Normal PRL, sexual function 
restored, tumor shrinkage

Continue medication

Reduction in PRL but still elevated, 
sexual function restored, tumor 

shrinkage

Continue medication, 
may increase dose  

Reduction in PRL but still elevated, 
sexual function not restored, tumor 

shrinkage 

Replace sex steroids 

If macroprolactinoma
• Assess pituitary reserve function
• Visual field testing

Titration of drug dose

Williams textbook of endocrinology 14th edition  

• To lower PRL levels 
• Decrease tumor size 
• To restore gonadal function 



Dopamine Agonist Treatment in Prolactinomas

• Bromocriptine 
• Starting dose: 1.25 mg/day 

• Dose range: 2.5-15 mg/day
• May increase the dosage up to 30 mg/day

• Cabergoline 
• Starting dose: 0.25 mg/week

• Dose range: 0.25-3 mg/week
• May increase the dosage up to 12 mg/week

Thorner MO et al. Rapid regression of pituitary prolactinomas during bromocriptine treatment. Journal of Clinical Endocrinology and Metabolism 1980
Samperi I, Lithgow K, Karavitaki N. Hyperprolactinaemia. J Clin Med. 2019 Dec 13;8(12):2203. 

Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori VM, Schlechte JA, Wass JA; Endocrine Society. Diagnosis and treatment of hyperprolactinemia: an 
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2011 Feb;96(2):273-88.  



Side Effects of Dopamine Agonists

• Nausea occurs in up to 50% of patients 

• Nasal stuffiness 

• Depression 

• Digital vasospasm 

• Psychosis or exacerbation of preexisting 
psychosis 

• Hypersexuality and disordered impulse control 



Other Concerns After Treatment 

• CSF rhinorrhea 
• It occurred in up to 9% of patients with macroadenomas 

• It could occur spontaneously or after dopamine agonist treatment 

• Surgery is required 

• Pituitary apoplexy 
• Rates of apoplexy in macroprolactinomas treated with dopamine 

agonists were not significantly higher than in untreated 
macroprolactinomas. 

Honegger J, Nasi-Kordhishti I, Aboutaha N, Giese S. Surgery for prolactinomas: a better choice? Pituitary. 2020 Feb;23(1):45-51.  
Lam G, Mehta V, Zada G. Spontaneous and medically induced cerebrospinal fluid leakage in the setting of pituitary adenomas: r eview of the literature. Neurosurg Focus. 2012 Jun;32(6):E2 

Carija R, Vucina D. Frequency of pituitary tumor apoplexy during treatment of prolactinomas with dopamine ago- nists: a systematic review. CNS Neurol Disord Drug Targets. 2012;11:1012–1014 
Briet C, Salenave S, Bonneville JF, Laws ER, Chanson P. Pituitary Apoplexy. Endocr Rev. 2015 Dec;36(6):622-45.  

Image from Therapy of endocrine disease: the challenges in 
managing giant prolactinomas. Eur J Endocrinol. 2014  

CSF rhinorrhea



Cardiac Valvulopathy & Dopamine Agonist

• If long-term treatment with high-dose (>2.0 mg/wk) cabergoline is 
anticipated, the Pituitary Society Guideline 2023 suggested 
performing baseline echocardiography to detect any pre-existing 
valve alterations. 

• Baseline evaluation can be performed before starting cabergoline therapy or 
during the first few months of treatment (weak recommendation).

Petersenn S et al. Nat Rev Endocrinol 2023. PMID: 37670148.
 



Dopamine Agonist Treatment in Prolactinomas

Bromocriptinea Cabergolinea

PRL normalized (range, 40-100%)

• Macroadenomas 70 80

• Microadenomas 65 70

Menses resumed (range, 40-100%) 

• Macroadenomas 70 80

• Microadenomas 85 80

Tumor shrinkage (range, 20-100%)

• None 20 20

• Up to 50% 40 55

• 50% or more 40 25

Visual field improvement (range, 33-100%) 90 70

Drug intolerance 15 5
aValues = % of patients 

Webster J, Piscitelli G, Polli A, Ferrari CI, Ismail I, Scanlon MF. A comparison of cabergoline and bromocriptine in the treatment of hyperprolactinemic amenorrhea. Cabergoline Comparative Study Group. N Engl J Med. 1994 Oct 6;331(14):904-9.
Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori VM, Schlechte JA, Wass JA; Endocrine Society. Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2011 Feb;96(2):273-88.

Williams textbook of endocrinology 14th edition     



Prolactinoma: Monitoring of Treatment 
Periodic PRL measurement 

• 1 month after dopamine agonist treatment 

Pituitary MRI 

• After dopamine agonist treatment → repeat MRI in 1 year (3 months if macroprolactinoma) 

• If PRL continue to rise while on medication 

• If new symptoms occur e.g. headache, visual disturbances

Visual field

• In patients with macroadenomas at risk of impinging the optic chiasm

Assessment and management of comorbidities  

• BMD in patients with >6 months hypogonadism or with other risk factors for osteoporosis

• Pituitary trophic hormone reserve – hormonal deficiency, particularly in those with macroadenoma

• IGF1 – evaluate if there is a cosecretion of GH

• MEN1 germline mutation screening – consider in patients with a family history of pituitary adenomas 
& in patients <30 years with pituitary macroadenoma

Melmed S et al. J Clin Endocrinol Metab 2011. PMID: 21296991.
Petersenn S et al. Nat Rev Endocrinol 2023. PMID: 37670148.

 



When to Discontinue Medication

• During treatment, dopamine agonists can be tapered and discontinued in
• Favorable predictors of successful withdrawal include low maintenance doses of cabergoline, 

treatment duration >2 years and substantial adenoma size reduction (Pituitary Society 2023) 

• Patients who have been on treatment for at least 2 years, with no longer PRL elevation & no 
visible tumor remnant on MRI (Endocrine Society 2011) 

• In women with microprolactinomas when; 
• Pregnancy 

• Menopause 

Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori VM, Schlechte JA, Wass JA; Endocrine Society. Diagnosis and treatment of hyperprolactinemia: an 
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2011 Feb;96(2):273-88. 

Casanueva FF et al. Guidelines of the Pituitary Society for the diagnosis and management of prolactinomas. Clin Endocrinol (Oxf). 2006 Aug;65(2):265-73.  
 



Surgery in Prolactinomas

• Transsphenoidal surgery can be offered to patients with 
• Drug intolerance 

• Dopamine agonist-resistant prolactinoma 

• It can be considered in women with large prolactinomas (that could 
potentially threaten vision during pregnancy)  

• CSF rhinorrhea 

• Pituitary apoplexy, Mixed GH-prolactin tumor (Pituitary Society 2023)

Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori VM, Schlechte JA, Wass JA; Endocrine Society. Diagnosis and treatment of 
hyperprolactinemia: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2011 Feb;96(2):273-88.  



Acromegaly

มอืเท้ำใหญ่ คำงยื่น 
ฟันไม่สบกัน หน้ำ
เปล่ียน ลิน้ใหญ่ จมกู
ใหญ่ นอนกรน ใส่
แหวนไม่ได้ รองเท้ำ
เปล่ียนไซส์ มีติ่งเนือ้ท่ี
ล ำตวั เสยีงเปลี่ยน 

ปวดตำมข้อ มีอำกำร 
carpal tunnel 
syndrome

เบำหวำน ก้อนท่ีคอ 
คอโต

ควำมดนัโลหิตสูง
ประวตัิ HF

Colao A et al. Nat Rev Dis Primers 2019. PMID: 30899019.



ขอดูบตัรประชาชน หรอื ID card อืน่ๆ!!!

Colao A et al. Nat Rev Dis Primers 2019. PMID: 30899019.



Acromegaly: Physical Examination

• วดั BP 

• Visual field: VF defect, bitemporal hemianopia 

• HEENT: 
• Cutis verticis gyrata

• Coarse face, thick lip, big nose, macroglossia

• Prominent supraorbital ridge, prognathism, malocclusion 

• Thyroid gland: enlargement, nodules 

• Abdomen: hepatosplenomegaly 

• Cardiovascular: heave/thrill, murmur, gallop 

• Musculoskeletal: Spade-like hands and feet, Tinel/Phalen’s test 

• Skin: acanthosis nigricans, skin tag, oily skin 

• Others e.g., skin signs in MEN1 - lipoma, facial angiofibroma, collagenoma 

Cutis verticis gyrata

Image from Parolin M, Dassie F. N Engl J Med 2019. PMID: 31042829.



Skin Signs in MEN1

Facial angiofibroma Collagenoma Histiocytofibroma

Lipoma



Etiology of Acromegaly

Colao A et al. Nat Rev Dis Primers 2019. PMID: 30899019.



Evolution of Criteria for Acromegaly Diagnosis

Giustina A et al. Pituitary 2024. PMID: 37923946.

For 75 gm OGTT – เจำะเลือดท่ี 0, 60, 120 min 
Insufficient GH suppression: Nadir GH >0.4 ng/mL (BMI <25 kg/m2) หรือ >0.2 ng/mL (BMI >25 kg/m2)



Recommendation for Diagnosis and Treatment 
of Acromegaly Comorbidities

Giustina A et al. J Clin Endocrinol Metab 2020. PMID: 31606735.

• Current evidence does not 
support routine screening 
for thyroid cancer at 
acromegaly diagnosis.

 
• Thyroid ultrasound and 

careful evaluation is 
recommended in those 
with palpable thyroid 
nodules and other risk 
factors for thyroid cancer, 
consistent with guideline 
recommendations for the 
general population. 



Acromegaly: Treatment

• Specific: Transsphenoidal surgery with tumor removal 

• Supportive: Treatment of comorbidities, hormonal supplement (in 
patients with pituitary hormone deficiency) 



Mutations in Acromegaly and Gigantism Syndromes

Colao A et al. Nat Rev Dis Primers 2019. PMID: 30899019.



Hypoglycemia



Physiologic and Behavioral Defenses 
Against Hypoglycemia

Williams textbook of endocrinology 14th edition



Hypoglycemia

• Diabetes 
• หำกยำท่ีใช้อยู ่ไม่ได้เป็นยำที่ท ำให้เกิด hypoglycemia 
ก็ควร approach สำเหตตุำมแบบ non-DM ด้วย 

• Non-diabetes 

Williams textbook of endocrinology 14th edition



Williams textbook of endocrinology 14th edition



Thank you
Questions are welcome 

wasita.w@chula.ac.th
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