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Case Presentation 
 
A 90-year-old female nursing home resident was seen for a 
routine follow up. Past medical history includes hypertension, 
chronic kidney disease, obesity, dyslipidemia, prediabetes, 
prior carotid artery stent placement, mild cognitive impairment, 
seizure disorder, hypothyroidism, GERD, chronic pain, 
recurrent falls, and wheelchair dependence. Elevated blood 
pressure was noted throughout her nursing home stay, and she 
was not currently on anti-hypertensive medications. Current 
medications include daily levothyroxine 60 mg, duloxetine 30 
mg, famotidine 10 mg, aspirin 81 mg and tramadol 50 mg. She 
also receives levetiracetam 500 mg BID, acetaminophen 1000 
mg TID, 50 mg q6h PRN, melatonin 3 mg QHS, lidocaine 
patch, polyethylene glycol power 17 gm, and docusate 100 mg 
BID. Vitals notable for a blood pressure of 159/89 mm Hg. 
Laboratories showed serum creatinine (Cr) 1.01 mg/dL 
(baseline 1.0-1.1 mg/dL; estimated glomerular filtration rate 
(GFR) 51), blood urea nitrogen (BUN) 26 mg/dL, and 
potassium 4.8 mg/dL.  
 
The patient was started on daily lisinopril 10 mg for treatment 
of hypertension. Chemistries were repeated 14 days later and 
showed Cr 1.21 mg/dL and potassium 5.4 mg/dL. The decision 
was made to continue lisinopril and obtain a repeat, con- 
 
 

 
 
firmatory potassium.  The following day, the patient reported a 
productive cough, with associated wheezing. She was afebrile 
without tachycardia, hypotension, or hypoxia. Physical exam 
included non-toxic general appearance, mild expiratory 
wheezing, and crackles over left lung field. Chest x-ray showed 
a slight infiltrate in the left upper lobe. Testing for COVID-19 
was negative. The patient was treated for pneumonia with 
cefpodoxime proxetil 200 mg BID and azithromycin 500 mg 
once followed by 250 mg daily for a 5-day antibiotic course. 
She also received benzonatate and albuterol nebulizer treat-
ments as needed for symptom relief.  
 
On the 4th day of the antibiotic course, repeat laboratories 
included: sodium 138 mg/dL, potassium 6.1 mg/dL, chloride 
105 mg/dL, carbon dioxide 22 mg/dL, BUN 43 mg/dL, Cr 1.21 
mg/dL. There was no mention of hemolysis in the laboratory 
report. Lisinopril was discontinued and the patient was treated 
with sodium zirconium cyclosilicate (10 mg TID for a total of 
3 doses) in the nursing home. Repeat chemistry after zirconium 
treatment showed potassium 5.1 mg/dL and Cr 1.02 mg/dL. 
After clinical improvement from the pneumonia, the patient 
remained hypertensive and she was started on amlodipine 2.5 
mg daily for further management of hypertension. Lisinopril 
has been permanently discontinued. 
 

 

 
Figure 1. Timeline of clinical course. Cr: Serum creatinine. K: serum potassium. ACEi: angiotensin- converting enzyme inhibitor.  
  



  
 
Discussion 
 
Angiotensin converting enzyme inhibitors (ACEi) and angio-
tensin receptor blockers (ARB) are the most widely used 
medications for hypertension treatment both in the United 
States1 and worldwide.2 ACEi/ARB therapy may decrease 
potassium excretion through effects on the renin-angiotensin-
aldosterone system (RAAS), primarily through a decrease in 
aldosterone levels. Hyperkalemia is a known complication of 
ACEi/ARB use. Patients in the Veterans Affairs health system 
reported an incidence of 2.5%3 but the true incidence may be 
higher.4 Hyperkalemia related to ACEi/ARB use is usually mild 
and asymptomatic, however life-threatening cases have been 
reported.5 
 
For most patients treated with ACEi/ARB, the decline in serum 
aldosterone is not sufficient to significantly impair potassium 
excretion. Hyperkalemia from ACEi/ARB is more commonly 
seen when there is pre-existing decrease in aldosterone related 
to a disease or medication.6,7 Risk factors for hyperkalemia with 
the use of RAAS inhibitors include chronic kidney disease 
(CKD), increased age, diabetes, heart failure, volume depletion, 
potassium supplementation, and the use of drugs interfering 
with renal potassium excretion7 (Table 1). There is an inverse 
association between hyperkalemia incidence and estimated 
GFR.3  
 
A case-control study of 1818 patients at a Veterans Affairs 
hospital identified 2 factors predicting severe hyperkalemia 
(potassium > 6.0) among patients taking an ACEi: age greater 
than 70 years and BUN greater than 25 mg/dL. The negative 
predictive value of these 2 factors for predicting severe 
hyperkalemia following an episode of mild ACEi-associated 
hyperkalemia was 97%.4 
 

Table 1: Risk factors for hyperkalemia with the use of 
RAAS inhibitors (adapted from Palmer et al.7) 
Chronic kidney disease* 
Diabetes mellitus 
Congestive heart failure (decompensated) 
Volume depletion 
Increased age 
Drugs used concomitantly that interfere in renal potassium 
excretion 
     Nonsteroidal anti-inflammatory drugs 
     Potassium sparing diuretics (e.g. aldosterone) 
     Trimethoprim 
     Antifungal azoles (e.g. ketoconazole) 
     Pentamidine 
     Calcineurin inhibitors (e.g. cyclosporine, tacrolimus) 
     Beta blockers 
     Heparin 
Potassium-containing supplements 

*Risk of hyperkalemia is inversely related to glomerular 
filtration rate 
 
Aging is associated with structural and functional changes in 
the kidney which predispose older adults to ACEi/ARB-related 

renal injury and hyperkalemia. Age-related kidney changes 
include nephrosclerosis, decreased renal mass, renal cyst 
formation, and an associated decrease in the number of 
functional nephrons. These changes lead to a GFR decline of 
6.3 ml/min/1.73m2 per decade.8 Older adults also have a 
suppressed RAAS, with lower levels of plasma renin and 
aldosterone,9 and a decreased transtubular potassium gradient.10 
These changes are associated with an increased risk of fluid, 
potassium, and other electrolyte abnormalities in older adults. 
The risk of hyperkalemia is enhanced when medications (e.g. 
RAAS blockers, NSAIDs) further inhibit potassium excretion.9 
 
There is widespread agreement for routine monitoring of serum 
creatinine and potassium after ACEi/ARB initiation to identify 
asymptomatic kidney injury and hyperkalemia. Among patients 
with CKD, Kidney Disease: Improving Global Outcomes 
(KDIGO) recommends measurement of GFR and potassium 
within 1 week of starting or following any dose escalation of 
ACEi/ARB in patients with CKD.11 Despite these recom-
mendations some report, nearly one-third of patients who 
initiated ACEi/ARB at least 1 year previously did not undergo 
laboratory monitoring.12 
 
This patient developed severe hyperkalemia within 1 month of 
starting a low dose of lisinopril. She had multiple risk factors 
for developing hyperkalemia, including pre-existing renal 
insufficiency (eGFR 51), advanced age (90 years old), and 
elevated BUN (BUN 26). Physiologically, the patient likely had 
structural changes of her kidneys and age-related hyporeninism 
and hypoaldosteronism, which made her potassium homeo-
stasis sensitive to RAAS-inhibition. The patient also had a 
possible pulmonary infection, and inflammation may have 
further stressed her renovascular system. However, we do not 
think that infection was the primary driver of patient’s 
hyperkalemia given mild symptoms and lack of systemic signs 
of inflammation. 
 
This case highlights the importance of hyperkalemia risk 
assessment and monitoring for all patients being considered for 
ACEi/ARB therapy. Pre-treatment, this patient was identified 
as having no contraindications to ACEi therapy, however an 
integrated assessment of her age and other hyperkalemia risk 
factors may have prompted a decision to prescribe a lower 
initial dosage of lisinopril (2.5 – 5 mg daily, rather than 10 mg 
daily). The patient’s hyperkalemia was identified through 
guideline-directed lab monitoring, which enabled her provider 
to stop ACEi treatment to avoid potassium-related complica-
tions. 
 
Conclusion 
 
In conclusion, this case brings attention to a severe side effect 
of a commonly prescribed medication class. Individuals at risk 
for ACEi/ARB-related hyperkalemia can be easily identified 
through careful evaluation for risk factors. Those without risk 
factors have low risk of clinically significant hyperkalemia. 
Prescribers should be aware of age-related changes in renal 
structure and function which makes older adults susceptible to 



  
 
ACEi/ARB-related hyperkalemia and kidney injury. Individu-
als at risk of hyperkalemia should start at lower doses of 
ACEi/ARB and have close laboratory monitoring after 
initiation of therapy. 
 
REFERENCES 
 
1. Derington CG, King JB, Herrick JS, Shimbo D, 

Kronish IM, Saseen JJ, Muntner P, Moran AE, Bress 
AP. Trends in Antihypertensive Medication Monotherapy 
and Combination Use Among US Adults, National Health 
and Nutrition Examination Survey 2005-2016. 
Hypertension. 2020 Apr;75(4):973-981. doi: 10.1161/ 
HYPERTENSIONAHA.119.14360. Epub 2020 Mar 9. 
PMID: 32148129; PMCID: PMC7398637. 

2. Grassi G, Calhoun DA, Mancia G, Carey RM. Resistant 
Hypertension Management: Comparison of the 2017 
American and 2018 European High Blood Pressure 
Guidelines. Curr Hypertens Rep. 2019 Jul 18;21(9):67. 
doi: 10.1007/s11906-019-0974-3. PMID: 31321564. 

3. Maddirala S, Khan A, Vincent A, Lau K. Effect of 
angiotensin converting enzyme inhibitors and angiotensin 
receptor blockers on serum potassium levels and renal 
function in ambulatory outpatients: risk factors analysis. 
Am J Med Sci. 2008 Oct;336(4):330-5. doi: 
10.1097/MAJ.0b013e3181836ac7. PMID: 18854676. 

4. Reardon LC, Macpherson DS. Hyperkalemia in 
outpatients using angiotensin-converting enzyme 
inhibitors. How much should we worry? Arch Intern Med. 
1998 Jan 12;158(1):26-32. doi: 10.1001/archinte.158.1.26. 
PMID: 9437375. 

5. Chan TY, Critchley JA. Life-threatening hyperkalaemia 
in an elderly patient receiving captopril, furosemide 
(frusemide) and potassium supplements. Drug Saf. 1992 
Mar-Apr;7(2):159-61. doi: 10.2165/00002018-
199207020-00007. PMID: 1605901. 

6. Raebel MA. Hyperkalemia associated with use of 
angiotensin-converting enzyme inhibitors and angiotensin 
receptor blockers. Cardiovasc Ther. 2012 Jun;30(3):e156-
66. doi: 10.1111/j.1755-5922.2010.00258.x. Epub 2011 
Jan 26. PMID: 21883995. 

7. Palmer BF. Managing hyperkalemia caused by inhibitors 
of the renin-angiotensin-aldosterone system. N Engl J Med. 
2004 Aug 5;351(6):585-92. doi: 10.1056/NEJMra035279. 
PMID: 15295051. 

8. Denic A, Glassock RJ, Rule AD. Structural and 
Functional Changes With the Aging Kidney. Adv Chronic 
Kidney Dis. 2016 Jan;23(1):19-28. doi: 10.1053/ 
j.ackd.2015.08.004. PMID: 26709059; PMCID: 
PMC4693148. 

9. Yoon HE, Choi BS. The renin-angiotensin system and 
aging in the kidney. Korean J Intern Med. 2014 
May;29(3):291-5. doi: 10.3904/kjim.2014.29.3.291. Epub 
2014 Apr 29. PMID: 24851061; PMCID: PMC4028516. 

10. Musso C, Liakopoulos V, De Miguel R, Imperiali N, 
Algranati L. Transtubular potassium concentration 
gradient: comparison between healthy old people and 
chronic renal failure patients. Int Urol Nephrol. 

2006;38(2):387-90. doi: 10.1007/s11255-006-0059-5. 
PMID: 16868716. 

11. Chapter 4: Other complications of CKD: CVD, medication 
dosage, patient safety, infections, hospitalizations, and 
caveats for investigating complications of CKD. Kidney Int 
Suppl (2011). 2013 Jan;3(1):91-111. doi: 10.1038/kisup. 
2012.67. PMID: 25599000; PMCID: PMC4284425. 

12. Raebel MA, McClure DL, Simon SR, Chan KA, 
Feldstein A, Andrade SE, Lafata JE, Roblin D, Davis 
RL, Gunter MJ, Platt R. Laboratory monitoring of 
potassium and creatinine in ambulatory patients receiving 
angiotensin converting enzyme inhibitors and angiotensin 
receptor blockers. Pharmacoepidemiol Drug Saf. 2007 
Jan;16(1):55-64. doi: 10.1002/pds.1217. PMID: 16470693. 

 


