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Objectives 

1. Understand the guidelines for primary hyperaldosteronism 
including screening, case confirmation, subtype classification, 
and management. 

2. Recognize potential causes of hyperaldosteronism without 
suppressed renin. 

3. Interpret adrenal vein sampling results.  



Case Introduction 

64 year old man with a PMH of Hodgkin lymphoma s/p chemo and XRT, 
squamous cell lung cancer s/p surgery, chemo, and XRT, pancreatic 

neuroendocrine tumor, hypertrophic obstructive cardiomyopathy, and 
HTN referred for evaluation for hyperaldosteronism.  



HPI 
• Longstanding history of HTN >10 years, previously on multiple 

antihypertensives. Currently only on Verapamil.  
• Hypokalemia recognized for at least 2 years, requiring high dose 

supplementation (K-Dur 100 mEq daily).   
• Recent K has ranged 3.2-3.7 on that dose.  
• MRCP at OSH from July 2016 showed a 1.2 x 1.1 cm lesion of the 

left adrenal gland with imaging features consistent with lipid rich 
adenoma. 

• OSH labs showed elevated aldosterone/renin ratio and patient was 
referred to UCMC for further evaluation 

 



PMH: 
• Hodgkin lymphoma 
• Squamous cell lung cancer 
• Pancreatic neuroendocrine tumor 
• Acoustic neuroma    
• Thyroid nodule 
• Hypertrophic obstructive 

cardiomyopathy  
• HTN 
 
PSH: RUL lobectomy 
  
ROS:  +fatigue +SOB. Negative for 
headaches, sweating, palpitations, 
excessive weight gain, facial shape 
changes, or striae 

Meds: 
• Amiodarone 
• Aspirin 
• Nexium 
• K-dur 100 mEq daily  
• Viagra 
• Verapamil-SR 480 mg daily  
 
Allergies:  NKDA 
 
Social: Never smoker. Social ETOH use. No 
drugs.  From Uruguay, works as an architect    
 
Family:  Breast cancer (mother), CVA (father)  
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Additional History 
• Hodgkin lymphoma: Stage II, treated in 1976 with MOPP chemo x 8, and chest RT to 4400 

rads. He had a relapse in the R neck/upper mediastinum in 1980 treated with additional 
radiation. NED since then 

• Acoustic neuroma: Treated with gamma knife therapy in 2004 
• Squamous cell lung cancer: In 2016 was incidentally found to have right lung mass, 

diagnosed on bronch/EBUS with squamous cell carcinoma.   On 7/27/16, he underwent a 
cervical mediastinoscopy, R thoracotomy with RUL sleeve resection, and pulmonary artery 
plasty of interlobar PA.  Final Stage pT3N1, IIIa.  Postoperatively treated with chemo in 
Uruguay and then radiation at NWMH.  

• Pancreatic neuroendocrine tumor: In 2016 was incidentally found to have a mass on the tail 
of the pancreas, 2.3 x 2.1 cm.  Biopsy showed neuroendocrine tumor, grade I, strongly 
positive for synaptophysin and chromogranin.  This CT scan also showed a Left Adrenal 
1.1x1.2cm lipid rich adenoma.  

• Thyroid nodule: In 7/2017 was seen to have a left thyroid nodule 4.0 x 3.5cm essentially 
replacing the left lobe, unchanged from 2016 scan. Mild displacement of trachea right of 
mid line.  The thyroid nodule has been biopsied in the past and benign per patient.  



Physical exam 

General: Well appearing man in no distress 
HEENT: Clear oropharynx. Non-injected sclera. Normal assessment of 
hearing 
Neck: Neck supple, thyroid palpable L>R 
CV: Normal rate, regular rhythm.  No murmurs. No edema. 
Pulm: Clear bilaterally.  No increased work of breathing, wheezes, rales. 
GI: Bowel sounds present.  Soft, non-tender, non-distended  
MSK: Normal gait and station 
Skin: No rash.  No hair loss 
Lymphatic: No lymphadenopathy in the neck  
Psych: Alert and oriented x3. Appropriate mood and affect.  

VITALS: BP 123/67, HR 63, BMI 23.09 



Who to screen for Primary Aldosteronism (PA)  

• Sustained BP > 150/100 on three measurements on different 
day 

• BP > 140/90 on three conventional antihypertensive drugs 
including a diuretic 

• BP < 140/90 on four or more antihypertensive drugs 
• HTN and spontaneous or diuretic-induced hypokalemia 
• HTN and adrenal incidentaloma (and K < 3.5)  
• HTN with first degree relative with PA 

 
Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916.   
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How to Diagnose Primary Aldosteronism 
• Three steps: (1) Screening (2) Case confirmation (3) Subtype classification 
 
1. SCREENING: Plasma aldosterone/renin ratio (ARR) 
• Testing conditions  

– Sample should be collected in the morning after patients have been out of bed 
for at least 2 hours and then seated for 5-15 minutes 

– Patients should be potassium replete and have unrestricted dietary salt intake 
– Mineralocorticoid receptor antagonists should be withdrawn for at least 4 weeks 

•  Interpretation 
– PA is suggested by suppressed renin and increased aldosterone 
– PAC/PRA > 20 ng/dL and PAC > 15 ng/dL  

 

Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916.   
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Ca 9.0 

  

Aldosterone = 150 ng/dL 
Renin = 1.0 ng/dL ** 
Plasma metanephrines = normal 
Cortisol = 10.5 (3pm)  
ACTH = 19.3 
 
OSH Labs:  
TSH 1.01  
 
 

Renin Reference Range: 
Na-deplete, upright: 
Mean: 5.9 
Range 2.9 – 10.8 
Na-replete, upright: 
Mean: 1.0 
Range: < or = 0.6 – 3.0 



Image: https://images.nature.com/full/nature-assets/nrneph/journal/v6/n6/images/nrneph.2010.58-f1.jpg 
Table: Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916.   

Why Isn’t Renin Suppressed?  
• Interference from other factors 



Why Isn’t Renin Suppressed?  
• Reninoma 

– Rare diagnosis, a review in 2007 cited 89 cases reported 
in the literature 1 

– Mean PRA was 33.3 ng/mL per hour (range 2.8 - 150.9 
ng/mL per hour) 

– Mean PRA was 12x upper limit of normal when reference 
range was included  

– Diagnosed by renal vein sampling + diuretics, ACE-I 
– Treatment is surgical 

 

1. Wong et al. J Hypertens. 2008 Feb;26(2):368-73.   
2. DeLellis et al. Endocrine pathology. Vol. 14. No. 4. Humana Press, 2003. 

• Paraneoplastic 
– Also rare, has been associated with renal cell carcinoma, Wilms’ tumor, adenocarcinoma 

and small cell carcinoma of the lung, hepatocellular carcinoma, pancreatic and small 
intestinal adenocarcinomas 2 

– Characterized by increased ratio of pro-renin to renin  
 



Why Isn’t Renin Suppressed?  
• Hypertensive kidney damage 

– JCEM paper in 2000 presented three cases of confirmed primary hyperaldosteronism 
with unsuppressed renin 

– One case had histologically proved renal arterioscelerosis, other two cases were 
suspected to have hypertensive kidney damage  leads to escape of the PRA from 
aldosterone suppression 

– Cr ranging 1.1 – 1.3 mg/dL 

Oelkers et al. J Clin Endocrinol Metab. 2000 Sep;85(9):3266-70.   



• Study enrolled 56 patients with primary aldosteronism and 323 
control patients with essential HTN 
– Mean follow up was 6.2 years  
– 30 of 56 patients with PA were found to have adrenal adenomas 
– 25 treated with adrenalectomy, 31 treated with spironolactone  

• Outcomes included measures of renal function (Cr clearance, 
albuminuria), blood pressure and number of antihypertensives, 
potassium level, renin/aldosterone levels 

Catena et al. Clin J Am Soc Nephrol. 2007 Jul;2(4):722-31.   



Comparison of Patients with Suppressed  
vs Non-suppressed Renin 

Catena et al. Clin J Am Soc Nephrol. 2007 Jul;2(4):722-31.   



Outcomes 

GFR  Albuminuria  



Proposed Mechanism: Renin Escape from 
Aldosterone Suppression 

Catena et al. Clin J Am Soc Nephrol. 2007 Jul;2(4):722-31.   



Primary Aldosteronism 
2. CASE CONFIRMATION 
• Recommended for patients with positive ARR to definitively 

confirm or exclude diagnosis 
• EXCEPT in the setting of spontaneous hypokalemia, undetectable 

plasma renin, and PAC >20  
• No “gold standard” confirmatory test, four are common 

– Oral sodium loading 
– Saline infusion 
– Fludrocortisone suppression 
– Captopril challenge 

Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916.   





Our Patient: Case Confirmation 

24 hour urine:  
Volume = 2750 mL 
Urine Cr = 1018 mg  
Aldosterone = 83 mcg (normal 2.0 – 20 mcg/24 hours) 
Urine Na = 193 mmol 
Urine K = 215 mmol 
 



Primary Aldosteronism 
3. SUBTYPE CLASSIFICATION 
• Subtype classification 

– Imaging: Adrenal CT  
– Lateralizing: If surgery is feasible and desired by patient, do AVS 

• EXCEPT in younger patients (<35 years) with spontaneous hypokalemia, marked aldosterone 
excess, and unilateral adrenal lesions with radiological features consistent with a cortical 
adenoma on adrenal CT  

• Sensitivity and specificity for unilateral aldosterone excess are 95% and 100%, respectively 
• Genetic testing  

– Familial hyperaldosteronism type I (glucocorticoid remediable aldosteronism)  
– Familial hyperaldosteronism type II 
– Familial hyperaldosteronism type III 

 
 
 Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916.   



Importance of Localization with AVS 

• Study from Mayo clinic 1990-2003 recruited 203 patients with primary 
hyperaldosteronism to undergo AVS 

Young et al. Surgery. 2004;136:1227–1235. 



Adrenal Vein Sampling (AVS) 
• Three types of protocols: 

– Unstimulated sequential or simultaneous bilateral 
– Unstimulated sequential or simultaneous bilateral THEN bolus cosyntropin-

stimulated sequential or simultaneous bilateral  
– Continuous cosyntropin infusion with sequential bilateral AVS  

• Confirm successful catheterization with adrenal/peripheral vein cortisol 
ratio 
– For continuous cosyntropin administration, cutoff of more than 5:1 indicates 

successful catheterization  
• Determine lateralization based on cortisol-corrected aldosterone ratios 

– For continuous cosyntropin administration, cutoff of high-side to low-side of 
more than 4:1 indicates unilateral aldosterone excess.  



  Right Adrenal 
Vein 

Right Adrenal 
Vein 

Left Adrenal 
Vein 

Left Adrenal 
Vein 

Femoral Vein Femoral Vein 

ALDOSTERONE 2070 1590 6700 6500 210 213 
Cortisol 604.3 356.6 265.5 281.5 32.2 31.8 
Average cortisol 480.5 273.5 32 

Adrenal to IVC 
cortisol ratio 

15 8.5 

Cortisol 
corrected 
aldosterone 

3.4 4.5 25.2 23.1 

Average cortisol 
corrected 
aldosterone 

3.95 24.15 L / R ratio = 24.2 / 4.0  
= 6.1  
= LEFT lateralization  



Treatment  

• Hyperaldosteronism has adverse cardiovascular effects at least 
partly independent of HTN 

• Treatment recommendations 
– Unilateral primary aldosteronism  unilateral laparoscopic 

adrenalectomy 
– Bilateral adrenal disease  medical treatment with mineralocorticoid 

antagonist 
• Spironolactone  primary agent, Eplerenone alternative  



Case Conclusion (for now) 

• Started on spironolactone 25mg daily  
• Met with Dr. Grogan 
• Plans for laparoscopic left adrenalectomy and resection of 

pancreatic neuroendocrine tumor in 6 months when patient 
returns from Uruguay  
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