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Objectives 

• Discuss the workup and diagnosis of pheochromocytoma 
• Discuss the role of genetic testing in pheochromocytoma  
• Review the criteria for diagnosis of malignant pheochromocytoma 
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Chief Complaint 

51 year old female presents with palpitations 
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HPI 

• Presents with palpitations for 1 year 
• Progressively getting worse over last several months 
• Lasts minutes to hours, occurs multiple times per day 
• Associated with nausea, anxiety, headaches, diaphoresis 
• Noticed it was associated with blood pressure spikes 
• No previous history of palpitations 
• No known cardiac history 
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Review of Systems 

• Constitutional:  +fatigue, diaphoresis; No fever, chills, activity change 
• HEENT:  +headaches; No visual disturbance, hearing loss, congestion, sore throat, neck 

pain  
• Resp: +dyspnea on exertion; No cough 
• CV: +palpitations; No CP, LE edema 
• GI: +nausea; No nausea or vomiting. No abdominal pain, d/c, or blood in stool 
• MSK: +myalgias 
• Skin: No rashes or ulcers. 
• Neuro: No lightheadedness, seizures, syncope 
• Endo: No heat/cold intolerance. No hair/skin changes noted 
• Heme: No adenopathy  
• Psych: +anxiety, depression 
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Additional history  

• Past Medical History: polymyositis, hypertension, asthma, depression 
• Past Surgical History: none 
• Family History: mother has asthma, father had lung cancer 
• Social History: smokes half a pack of cigarettes per day for the last 20 

years, social drinker, denies illicit drug use 

7 



Additional history 

• Meds: prednisone 15mg, azathioprine 200mg, amlodipine 5mg, 
fluoxetine 20mg, albuterol 
 

• Allergies: NKDA 
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Physical Exam 
• Vitals: 139 kg, BMI 42, Temp 97.5, HR 105, RR 18, BP 108/78, SpO2 99% 
• General: Obese; No apparent distress. Appears stated age. 

• HEENT: Normocephalic. PERRL, EOMI. No pharyngeal erythema. 
• Neck: No neck tenderness. No thyromegaly or thyroid nodules appreciated. 
• Cardiovascular: Tachycardic. Regular rhythm. Trace peripheral edema. 

• Pulmonary/Chest: Clear to auscultation bilaterally. 
• Gastrointestinal: Soft, non-tender, non-distended. No rebound or guarding. 
• Musculoskeletal: Normal bulk and tone, no major deformities. 

• Neurological: Alert & oriented, CN 2-12 intact. 
• Skin:  No rashes or bruises. 
• Psychiatric: Anxious. Normal thought content, appropriate.  

 
9 



Labs 
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Alkaline phosphatase  86 
ALT  26 
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TSH 1.74 
 



Differential diagnosis 

• Pheochromocytoma 
• Hyperthyroidism 
• Carcinoid 
• Insulinoma 
• Paroxysmal supraventricular tachycardia 
• Ischemic heart disease 
• Anxiety disorder 
• Substance use or withdrawal 
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Workup 
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Lab Value Reference range 

Plasma normetanephrine 4.4 nmol/L < 0.90 nmol/L 

Plasma metanephrine < 0.20 nmol/L < 0.50 nmol/L 

Urine norepinephrine 1,111 mcg/24hr 15 – 80 mcg/24hr 

Urine epinephrine 16 mcg/24hr < 21 mcg/24hr 

Urine dopamine 239 mcg/24hr 65 – 400 mcg/24hr 

Urine total metanephrines 3,797 mcg/24hr 164 – 588 (normotensive) 
< 1300 (hypertensive) 

Urine normetanephrines 3,614 mcg/24hr 128 – 484 (normotensive) 
< 900 (hypertensive) 

Urine metanephrines 183 mcg/24hr 30 – 180 (normotensive) 
< 400 (hypertensive) 



Cardiac workup 

• Event monitor 
• Sinus rhythm with episodes of 

sinus  tachycardia and junctional 
rhythm during which the patient 
was symptomatic 

• 2D echocardiogram 
• LV EF 44% 
• Mild left ventricular hypertrophy 

• MRI cardiac stress 
• No perfusion defects or ischemia 
• No prior myocardial infarction 
• Concern for early myocarditis or 

diffuse interstitial fibrosis 

• Cardiac PET  
• FDG uptake in the inferior wall, 

inferolateral wall, and apex of the 
LV, c/w inflammatory change in 
the myocardium 
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Cardiology appointment 

• Heart failure thought to be 2/2 inflammatory myopathy, unlikely 
ischemic given normal stress perfusion 

• Beta blocker held 
• Started on lasix 20mg daily, doxazosin 1mg QHS 
• ACE-I held given borderline BPs 
• RHC with biopsy 
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Imaging 

• CT abdomen/pelvis 
• Enhancing right adrenal nodular lesion measuring 3.1 x 2.3 cm 

• Absolute washout of 73%, relative washout 40% 
• High absolute attenuation within portal venous phase  

• Left adrenal is normal in appearance 
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Presenter
Presentation Notes
Brisk washout characteristics but intrinsic high attenuation on portal venous phase
These imaging characteristics can be seen both with lipid poor adenoma and pheochromocytoma



16 



Pheochromocytoma and Paragangliomas 
(PPGL) 

• Pheochromocytoma – tumor arising from adrenal medullary 
chromaffin cells that commonly produce one of more catecholamines 
(80 - 85% chromaffin cell tumors) 

• Paraganglioma – tumor arising from extra-adrenal chromaffin cells of 
the sympathetic paravertebral ganglia of thorax, abdomen, and pelvis 
(15- 20 % chromaffin cell tumors) 

• Can also arise from parasympathetic ganglia along glossopharyngeal and vagal 
nerves in neck and at base of skull 
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Presentation Notes
Rarely silent pheos



PPGL 

• Prevalence in patients with hypertension estimated to be 0.2-0.6% 
• In patients with incidentally discovered adrenal masses on imaging, 

estimated 5% have pheochromocytomas 
• At least 1/3 of patients with PPGLs have disease causing germline 

mutations 
• Most common in the fourth to fifth decade of life 
• Equally common in men and women 

Young, W. 2019 18 



Clinical Presentation 

• Symptoms present in approximately 50% of patients  
• Classic triad – episodic headache, diaphoresis, and tachycardia 
• Hypertension can be sustained or paroxysmal – most common sign 
• Other symptoms include palpitations, tremor, generalized weakness, 

dyspnea 
• Less common symptoms/signs - orthostatic hypotension, 

cardiomyopathy 
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Presenter
Presentation Notes
Presents with symptoms or found by incidentaloma or because of screening for familial
Familial pheo – less symptomatic or caught earlier? Difference in clinical expression?
Most patients do NOT have the 3 classic symptoms
HTN is the most common sign of pheo
Headache – up to 90% of symptomatic patients, sweating up to 60-70%, 
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Indications for testing 

• Patients presenting with the 
classic triad of symptoms or 
hyperadrenergic episodes  

• Early onset of hypertension or 
resistant hypertension 

• Familial syndrome like MEN2, 
VHL, NF1 
 

• Family history of 
pheochromocytoma 

• Incidental adrenal mass with or 
without hypertension 

• Idiopathic dilated 
cardiomyopathy 

Young, W. 2019 21 

Presenter
Presentation Notes
Diagnosis is based on biochemical confirmation of catecholamine hypersecretion, followed by identifying the tumor with imaging studies
Hyperadrenergic spells - nonexertional palpitations, diaphoresis, headache, tremor, or pallor



Interfering medications  

Uptodate 2019 22 

Presenter
Presentation Notes
Should be tapered and discontinued at least two weeks before any hormonal assessments

Situations for which it is contraindicated to discontinue certain medications (eg, antipsychotics), and if biochemical testing is positive, then computed imaging (eg, computed tomography [CT] scan of the abdomen and pelvis) would be needed to exclude a catecholamine-secreting tumor

Catecholamine secretion may be appropriately increased in situations of physical stress or illness (eg, any significant illness requiring hospitalization, stroke, myocardial infarction, congestive heart failure, obstructive sleep apnea



Initial Testing 

• 24-hour urinary fractionated metanephrines or plasma fractionated 
metanephrines (drawn supine with an indwelling cannula for 30 
minutes) 

• Plasma fractionated metanephrines  
• Sensitivity of 96 to 100 percent, specificity of 85 to 89 percent 
• Can consider as a first-line test for pheochromocytoma for patients with high 

suspicion of pheochromocytoma 
• Family history of pheochromocytoma 
• Hereditary syndrome  
• Past history of resected pheochromocytoma 

Endocrine Society Guidelines 2014, Uptodate 2019 23 

Presenter
Presentation Notes
urinary creatinine should be measured to verify completeness of the urine collection. 
high-performance liquid chromatography (HPLC) with electrochemical detection or tandem mass spectroscopy (MS/MS)
the predictive value of a negative test is extremely high, and normal plasma fractionated metanephrines exclude pheochromocytoma except in patients with early preclinical disease
This high rate of false-positive tests -Thus, plasma fractionated free metanephrines lack the necessary specificity to be recommended as a first-line test; therefore, this measurement is reserved for cases for which the index of suspicion is high
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Presenter
Presentation Notes
Guidelines - More than 75% of all PPGLs can be easily recognized from the extent and nature of increased results
elevations of both normetanephrine and metanephrine are rare as false-positives
findings of solitary increases in either normetanephrine or metanephrine elevated 3-fold or more above upper cutoffs are also rare as falsepositives
Clonidine suppression test



Imaging 

• CT abdomen/pelvis 
• First choice imaging modality 
• Increased attenuation on 

nonenhanced CT (>20 Hounsfield 
units) 

• Increased mass vascularity 
• Delay in contrast medium washout 

• MRI abdomen/pelvis 
• High signal intensity on T2-

weighted MRI 

• Iobenguane I-123  
• >10 cm adrenal 

pheochromocytomas 
• Paragangliomas 

• FDG-PET 
• More sensitive than I-123 or 

CT/MRI for detection of metastatic 
disease 
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Presenter
Presentation Notes
n sporadic pheochromocytoma, both CT and MRI are quite sensitive (98 to 100 percent) but are only approximately 70 percent specific because of the higher prevalence of adrenal "incidentalomas



Genetic testing 

• At least one-third of all patients with PPGLs have disease-causing 
germline mutations 

• More likely to be bilateral adrenal pheochromocytomas or paragangliomas 

• Familial disorders associated with pheochromocytoma: 
• Von Hippel-Lindau syndrome (VHL) – 10-20% 
• Multiple endocrine neoplasia type 2 (MEN2) – 30-50% 
• Neurofibromatosis type 1 (NF1) – 0.1 to 5.7% 

• Most cases of familial paraganglioma are caused by mutations in the 
succinate dehydrogenase (SDH) subunit genes  

 

Young, W. 2019 27 

Presenter
Presentation Notes
Autosomal dominant inheritance



Genetic Testing 

• Guidelines recommend shared decision making for genetic testing 
• Consider genetic testing for patients with: 

• Paraganglioma 
• Bilateral adrenal pheochromocytoma 
• Unilateral adrenal pheochromocytoma with family history of 

pheochromocytoma or diagnosed at young age (<35yo) 
• Clinical features suggestive of hereditary syndrome 

 

Young, W. 2019 28 
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Presenter
Presentation Notes
paraganglioma undergo testing of succinate dehydrogenase (SDH) mutations and that patients with metastatic disease undergo testing for SDHB mutations
Succinate dehydrogenase (SDH) subunit B mutations more likely to develop metastatic disease




Back to our patient 

• Seen by endocrine surgery in clinic and referred to anesthesiology for 
pre-operative evaluation and optimization of alpha blockade 

• Symptoms improved since stopping beta-blocker and starting 
doxazosin – reported decrease in the number and length of “attacks” 

• Underwent laparoscopic right adrenalectomy 
• Postoperative course was complicated by hypotension requiring a 

brief ICU stay and vasopressors 
• Discharged to subacute rehab 
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Pre-op management 

Endocrine Society Guidelines 2014 31 

Presenter
Presentation Notes
to normalize blood pressure and expand the contracted blood volume
On the second or third day of alpha-adrenergic blockade, patients are encouraged to start a diet high in sodium content (>5000 mg daily) because of the catecholamine-induced volume contraction and the orthostasis associated with alpha-adrenergic blockade and to prevent severe hypotension after tumor removal



Post op visit 
• 1 month post op visit – patient was feeling well, symptoms resolved 
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Lab Value Reference range 

Plasma dopamine < 25 pg/mL < 30 pg/mL 

Plasma norepinephrine  383 pg/mL 70 – 750 pg/mL (supine) 

Plasma epinephrine < 25 pg/mL < 111 pg/mL (supine) 

Plasma normetanephrine 0.52 nmol/L < 0.90 nmol/L 

Plasma metanephrine < 0.20 nmol/L < 0.50 nmol/L 



Pathology 

• Right adrenal gland – 3 cm pheochromocytoma 
• “Immunohistochemical stain performed show that the neoplastic cells are 

diffusely positive for synaptophysin and chromogranin, and the sustentacular 
cells are highlighted by S100” 

• No adverse histologic features identified such as capsular or vascular invasion, 
extension into peri-adrenal adipose tissue, large nests or diffuse growth, 
necrosis, high cellularity, cell spindling, cellular monotony, increased or 
atypical mitosis, profound nuclear pleomorphism, and nuclear 
hyperchromasia 

• PASS score of 0  
• Overall, the histological features suggest a benign behavior 
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Malignant Pheochromocytoma 

• Defined as presence of metastases in nonchromaffin tissues 
• Local invasion to surrounding tissues and organs or distant metastases  

• Prevalence varies between 10-17%  
• Histologically and biochemically similar to benign 

pheochromocytomas 
• May occur as long as 53 years after resection 

Young, W. 2019, Lenders et al. 2014 34 
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Presentation Notes
Difficult to diagnose because of the lack of reliable diagnostic and prognostic markers of malignancy
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Presentation Notes
Difficult to diagnose because of the lack of reliable diagnostic and prognostic markers of malignancy
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Malignant Pheochromocytoma 

• The size and weight of the pheochromocytoma are directly related to 
PASS score and malignancy 

• High risk of malignancy or recurrence 
• Presence of tumor necrosis 
• High mitotic rate greater than 3 to 10 HPF 
• Ki-67 index >4%  
• pS100 absence 

De Wailley et al. 2012 37 

Presenter
Presentation Notes
A new multiparameter scoring system for malignancy, involving histological, immunohistochemical and genetic criteria
PASS score higher than 6



Follow up 

• Endocrinology follow up tomorrow! 
• Medical genetics referral 
• Annual biochemical testing to assess for recurrent or metastatic 

disease 
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