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Hyperkalemia 

Definition 

Hyperkalemia, usually defined as serum potassium concentrations greater than 5.0 to 5.5 mmol/l, is 

widely recognized as a direct and life-threatening complication. 

Clinical Presentation 

Hyperkalaemia is often asymptomatic and is discovered on routine laboratory tests. 

Patients with severe hyperkalaemia (potassium >6.5 mmol/l) may, however, present with 

generalized weakness, paralysis, and cardiac arrhythmia, including cardiac stand still and 

sudden death. 

In general, the severity of clinical presentation does correlate with the severity of hyperkalaemia. 



Etiologies of Hyperkalemia 

Spurious hyperkalemia 

• Due to high platelet and/or leucocyte count 

• Due to muscular activity during venipuncture 

 

Increase intake 

•  Infusion of potassium containing solutions 

•  Increase potassium intake in patients with defect in potassium  

    excretion 
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Etiologies of Hyperkalemia 

Transcellular shift of potassium 

• Acidaemia (for example, acute renal failure). 

• Hyperosmolality (for example, severe hyperglycaemia). 

• β2-blockers (for example, propranolol). 

• Insulin deficiency (for example, type I diabetes mellitus). 

 



Etiologies of Hyperkalemia 

Decrease renal excretion 

• Mineralocorticoid deficiency: (a) Addison’s disease, (b) isolated aldosterone 

deficiency, (c) renin deficiency (for example, diabetic nephropathy), (d) 

angiotensin II receptor blockers, (e) angiotensin converting enzyme inhibitors, (f) 

use of non-steroidal anti-inflammatory drugs 

• Resistance to mineralocorticoids effect: (a) tubulointerstitial disease, (b) high 

dose mineralocorticoids antagonists (for example, spironolactone, trimethoprim) 

• Severe renal failure 

 





Hyperkalemia and Diabetes Mellitus 

• Hyperkalemia occurs more frequently in patients with diabetes 

mellitus than in the general population. 

 

• The most common causal factor of chronic hyperkalemia in diabetics 

is the reduced tubular secretion of K+ due to the syndrome of 

hyporeninemic hypoaldosteronism 



Hyperkalemia and Diabetes Mellitus 

Hyperkalemia due to hyperglycemia: 

• Response to rising osmolality of the extracellular fluid. 

• May not be clinically important in the diabetic with normal baseline 

potassium levels, because the elevation of plasma potassium is usually 

modest in degree. 

• Those with renal impairment and/or hypoaldosteronism, may manifest more 

severe elevations in plasma potassium. 

  Be aware of the possible consequences of glucose loads in such patients 

 



Syndrome of hyporeninemic hypoaldosteronism (SHH) 

This syndrome is characterized by mild to moderate renal insufficiency and 

patients typically present with asymptomatic hyperkalemia. 

The development of overt hyperkalemia is most common in patients with 

renal insufficiency, volume depletion, or the use of medications that interfere 

with potassium handling. 

In most series, about half the subjects with the syndrome of SHH are 

diabetics. Diabetic nephropathy accounts for 43%-63% of cases comprising 

the most common cause of hyporeninemic hypoaldosteronism. 

 



The most important causal factor of chronic hyperkalemia in patients with diabetes 

is the syndrome of hyporeninemic hypoaldosteronism (HH) hyperkalemia is related 

to the blockage of the renin-angiotensin-aldosterone system (RAAS) and HH is 

most common among patients with mild to moderate renal insufficiency due to 

diabetic nephropathy (DN). Conclusion:ACEIs and ARBs may precipitate 

hyperkalemia in a patient whose disease has not been recognized and increase the 

risk of severe hyperkalemia in patients with previously mild hyperkalemia 





Drug-induced Hyperkalemia: 

 ACE inhibitor 

 Angiotensin receptor blocker 

 Nonsteroidal anti-inflammatory agents 

 Calcineurin inhibitors (tacrolimus,cyclosporine) 

 Heparin 

 Lithium 

 Aldosterone antagonist (spironolactone, eplerenone) 

 Antibiotics (Potassium penicillin G contains 1.7 mEq of potassium per 
million units) 

 Beta-blockers 

 Digitalis 

 Succinylcholine 



• Dapagliflozin (a SGLT2 inhibitor) may be protective from the 

development of hyperkalemia inpatients with moderate renal 

impairment due to osmotic diuresis. 

• However, the administration of SGLT2 inhibitors in hypovolemic 

patients may cause elevated serum creatinine levels and decreases in 

glomerular filtration rate due to deterioration of intravascular volume 

contraction. 

 





         

            TREATMENT 
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Sodium Polystyrene Sulfonate (SPS) 

 
• First introduced in the 1950s before the FDA was required to 

establish drugs as both safe and effective 

•  A cation-exchange polymer that exchanges sodium for 

potassium, in addition to other cations such as calcium, 

ammonium, and magnesium 

• contains a considerable amount of sodium content and should be 

used cautiously in patients with concomitant conditions such as 

congestive heart failure, edema, and severe hypertension. 

 



Sodium Polystyrene Sulfonate (SPS) 

• Most effective when it is in the colon, where the pH level is 
higher than in the upper GI tract.  

• The rectal dose is 30 to 50 g but has been found to be less 
effective compared to an equivalent dose administered orally.  

• SPS does not work as quickly as alternative treatment 
options; onset of action is >2 hours.  

• The degree to which potassium is reduced and its onset of 
action are also variable. 



Sodium Polystyrene Sulfonate (SPS) 

•  SPS may rarely be associated with fatal colonic necrosis and 

other serious GI adverse events, which are believed to be related 

to administration with sorbitol. Therefore, it is not recommended 

to be given with sorbitol. 

• If patients develop constipation, use of SPS should be 

discontinued, and repeated doses should not be given to those 

who have not passed a bowel movement. 



The American Journal of Medicine (2013) 

METHODS: MEDLINE (1948 to July 2011), EMBASE (1980 to July 

2011), Cochrane Central Register of Controlled Trials (CENTRAL) 

(1993 to July 27, 2011), bibliographies of identified articles, and websites 

of relevant drug agencies and professional associations in the United 

States and Canada were reviewed to identify eligible reports of adverse 

gastrointestinal events associated with sodium polystyrene sulfonate use. 

CONCLUSIONS: Sodium polystyrene sulfonate use, both with and 

without sorbitol, may be associated with fatal gastrointestinal injury. 



Sodium Polystyrene Sulfonate (SPS) 

  SPS should not be used in following patients: 

•  patients who do not have normal bowel function 

• postoperative patients who have not had a bowel movement after  

   surgery 

• patients at risk for developing constipation or impaction  

 



       

 

     NEW TREATMENT OPTIONS 

 





Patiromer Sorbitex Calcium (Veltassa) 

Patiromer is a nonabsorbed polymer synthesized as a 100 µm bead. 

It is designed to bind potassium in exchange for calcium in the 

gastrointestinal tract. 

It can also bind Na, Ca and Mg, but preferentially binds potassium in 

the colon where potassium concentration is higher. 

Each pack contains 2 g of sorbitol + 0.8 g of calcium for every 4.2 g of  

Patiromer. 



• Patiromer can not be used for emergency treatment in life-

threatening hyperkalemia because of its delayed onset of action. 

• It is considered an option for patients with CKD and diabetic patients with a 

serum potassium >5 mEq/L who would benefit from treatment with an ACE 

inhibitor, angiotensin receptor blocker (ARB), or aldosterone inhibitor. 

• Separate the administration of patiromer and other drugs by at least 6h as it 

can bind other drugs and alter their absorption. 

 



The most common adverse reactions that occur in ~ 2% of patients include: 

• constipation that generally resolved during the course of treatment, 

• hypomagnesemia, ability to bind to magnesium in the colon 

• hypokalemia 

• diarrhea 

• nausea 

• abdominal discomfort  

• flatulence 

• Mild-to-moderate hypersensitivity reactions including edema of the lips occurred in 0.3% 

of patients treated 
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Sodium Zirconium Cyclosilicate 9 

Sodium ZS-9 is an inorganic cation-exchange crystal that is highly selective 

for potassium and ammonium (NH4+) ions, which are nearly identical in size 

Because of its high selectivity, ZS-9 may bind potassium in the upper 

gastrointestinal tract where the amount of potassium is high but the 

concentration is low. Therefore, the drug does not need to reach the colon to 

be effective, which may lead to a rapid effect. 

 As ZS-9 can bind ammonium, it can result in an increase in serum 

bicarbonate. 



ZS-9 

Unlike SPS, divalent cations (Ca and Mg) do not form stable bond with ZS-9. 

The only significant drug interaction is with lithium carbonate. 

ZS-9 will be available as a tasteless, odorless, insoluble, and nonabsorbed 

powder (given with 40-120 mL of water per dose), and potentially a tablet. 

It does not have to be given in solution or with cathartics such as Sorbitol. 
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Limitations 

First, there are no head-to-head randomized, controlled trials of two or 

more agents (novel agent vs novel agent or versus sodium polystyrene 

sulfate). 

Second, in the setting of AKI, in which a progressive rise in serum 

potassium is present, the effects of patiromer and ZS-9 are unknown 

Third, various routes of administration, such as nasogastric tube or 

rectal administration for patiromer sorbitex calcium and ZS-9, have not 

been tested to date. 



Key Points 

• Hyperkalemia is a frequent cause of discontinuation or 

omission of renin–angiotensin–aldosterone system inhibitors 

in chronic kidney disease patients. 

• Without much evidence in the literature on its efficacy, 

sodium polystyrene sulfonate is being used frequently in the 

clinical setting to treat hyperkalemia. 



Key Points 

• Both patiromer and ZS-9 have shown promising results for 

the treatment of hyperkalemia in recent studies regarding 

their efficacy and their safety in chronic kidney disease, heart 

failure and diabetic populations. 

• However, many questions remain about patiromer and ZS-9, 

such as their use in dialysis patients, their long term efficacy 

and safety, and their costs. 
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