
Pharmacologic treatment of chronic hyperkalemia in CKD

KDIGO-KSN Joint Symposium May 25 (Sat), 2019
15:00 – 15:30

Gheun-Ho Kim, MD

Hanyang University College of Medicine

KDIG
O



Potassium homeostasis

Kidney Dis 2016;2:72–79
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Eur Heart J 2018;39:1535–1542

Distribution of serum potassium concentrations: from the CKD Prognosis Consortium

27 international cohorts (n = 1,217,986 participants from 10 general population, 7 high CV risk, and 10 CKD)
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Journal of Nephrology 2018; 31:653–664

ECG changes following progressive increases in potassium levels
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European Heart Journal 2018; 39: 1535–1542

A meta-analysis of 27 international cohorts [10 general population, 7 high cardiovascular 
risk, and 10 chronic kidney disease (CKD)] in the CKD Prognosis Consortium.
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Courtesy of Drs. Eunjeong Kang & Kook-Hwan Oh

Prevalence of hyperkalemia and use of RAAS blockades: Data from the KNOW-CKD

n 329 399 354 441 468 135
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aUkV (mmol/h), hourly determinations of creatinine-adjusted urinary potassium excretion; 
FEK, fractional excretion of potassium.

Urinary K+ excretion in CKD

Hypertension 2009;53;754-760
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RAAS blockades and decreased urinary K+ excretion

N Engl J Med 2004;351:585-592
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Major randomized, controlled trials evaluating the effect of RAAS blockade on renal outcomes 
and the associated risk of hyperkalemia among patients with proteinuric CKD

Kidney Int 2018; 93: 325–334
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Risk Factors for Chronic Hyperkalemia

Chronic kidney disease (eGFR < 30 mL/min/1.73 m2) 

Diabetes mellitus – hyperglycemia, diabetic ketoacidosis, hypoaldosteronism

Congestive heart failure – reduced renal perfusion

Drugs: NSAIDs, RAAS blockades, beta-blockers, calcineurin inhibitors, heparin 

Coronary artery and peripheral vascular diseases

Advanced age – decreased plasma renin activity, decreased aldosterone levels

Potassium intake – salt substitutes and other dietary sources

Cardiorenal Med 2019;9:8-21

N Engl J Med 2004;351:585-592
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Hypothesized effects of a vegetarian diet and its components on CKD

Nephrol Dial Transplant 2019; 34: 199–207
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Control of potassium load while maintaining the benefit of a high-potassium diet

 In patients with non-dialysis dependent CKD stages 1–5, the National Kidney Foundation suggests an

unrestricted potassium intake (90–120 mmol/day) [Am J Kidney Dis 2000; 35:S1–S40].

 Kalantar-Zadeh and Fouque have suggested an intake of 4.7 g/day in the early stages of CKD without risk of

hyperkalemia, while dietary potassium restriction down to 2–3 g/day (approximately 51–77 mmol/day) is

recommended in CKD patients with sK > 5.3 mEq/L [N Engl J Med 2017; 377:1765–1776].

The prevention or correction of metabolic acidosis as well as constipation (by offering vegetarian diets) may

well counteract the hyperkalemia-inducing effects of high potassium intake. As renal function declines over time,

colonic potassium secretion progressively increases [Trans Assoc Am Physicians 1967;80:207-16] .

Cooking procedures (e.g., soaking or boiling) should be modified in order to remove potassium, and hidden

sources of potassium (e.g. food additives and low-sodium salt substitutes) should be avoided [J Nephrol 2018;

31:653–664].
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Adapted from Nat Rev Nephrol 2014;10:653-662

Pharmacologic treatment  of chronic hyperkalemia in CKD 
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Kidney Int 2018; 93: 325–334

Newer potassium-binding drugs
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European Heart Journal Supplements 2019; 21 (Supplement A): A48–A54
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Randomized, controlled trials evaluating the efficacy and safety of newer 
potassium-binding resins in hyperkalemic patients already treated with RAAS blockers

Kidney Int 2018; 93: 325–334
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Stopping RAAS blockades vs. Using potassium binders

KDIGO guidelines recommend RAAS blockades in patients with albuminuria > 30 mg/day or

proteinuria > 500 mg/day. This recommendation is based on the proven nephroprotective efficacy of

these agents in proteinuric patients.

NICE guidelines recommend not to offer RAAS blockades to CKD patients if pre-treatment serum [K+]

is > 5.0 mEq/L, and to withdraw therapy when serum [K+] increases to 6.0 mEq/L.

Intensification of diuretic therapy in anti-RAAS treated patients is safe and efficacious only in the

presence of discrete extracellular volume expansion [Journal of Nephrology 2018; 31:653–664].

New potassium binding agents (patiromer and ZS-9) are available that are well tolerated and effective

in maintaining the serum [K+] in the normal range without reducing the dose or discontinuing RAAS

inhibitors [Clin J Am Soc Nephrol 2018;13:155-157].
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Polystyrene sulfonate Patiromer ZS-9 
(sodium zirconium cyclosilicate) 

https://en.wikipedia.org/wiki/

Three Types of Potassium Binders
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Kayexalate is a cation exchange resin, first introduced in the 1950s, before the U.S. Food and Drug

Administration was required to establish that drugs are safe and effective before approving them.

Kayexalate was the name given to the powdered form of SPS, which exchanges sodium for calcium,

ammonium, and magnesium in addition to potassium. At an acid pH, its sulfonate groups are

occupied by hydrogen ions and are unable to bind potassium.

For this reason, and because of higher potassium concentrations in the distal colon, Kayexalate is

most effective in binding potassium when it reaches the rectum, either by retention enema or by

oral administration with cathartics. Because the resin swells when it contacts water, large doses of

Kayexalate can cause bowel obstruction. To avoid this complication and to speed its delivery to the

distal colon, Kayexalate has been given together with sorbitol, an osmotic cathartic. However, the

combination of sorbitol with the resin may result in colonic necrosis.

Sodium polystyrene sulfonate (Kayexalate®)

Kidney International 2016; 89: 546–554
The Journal of Emergency Medicine 2018; 55: 192–205
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The apical BK channel (KCa1.1) is the major secretory K+ channel in the distal colon.

Pflugers Arch - Eur J Physiol 2010; 459:645–656
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Effect of single dose resin-cathartic therapy on serum 
potassium concentration in patients with ESRD

J Am Soc Nephrol 1998; 9: 1924-1930
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Randomized clinical trial of sodium polystyrene sulfonate for the treatment of mild hyperkalemia in CKD

Sodium polystyrene sulfonate was superior to placebo in reducing serum potassium over 7 days.
Clin J Am Soc Nephrol 2015;10:2136–2142
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The evidence base for SPS is more limited than Patiromer and ZS-9. 
However, use of SPS may continue due to clinical familiarity and lower cost [Core Evidence 2017:12 11–24].

KDIG
O



Gastrointestinal Adverse Events with Sodium Polystyrene Sulfonate (Kayexalate) Use: 
A Systematic Review
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Patient enrollment

Hyperkalemic CKD patients prescribed CPS (2010 – 2014):
884

Analysis:
247

Prior use of CPS: 166

CPS administration < 1 week: 53

Admission history: 548

Dialysis therapy: 355

Kidney transplantation: 106

*

* Patient numbers among categories are overlapped.

PLoS ONE 2017; 12(3): e0173542
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Patient characteristics at baseline

PLoS ONE 2017; 12(3): e0173542
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PLoS ONE 2017; 12(3): e0173542

< 3 m 3 – 6 m 6 – 12 m > 1 yr
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PLoS ONE 2017; 12(3): e0173542
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Colonic mucosal necrosis following administration of CPS in a Uremic Patient

J Korean Med Sci 

2009; 24: 1207-11
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Evaluation of the tolerability and efficacy of sodium polystyrene sulfonate for 
long-term management of hyperkalemia in patients with chronic kidney disease

Int Urol Nephrol 2017; 49:2217–2221

In this retrospective, observational study, 26
outpatients with stages 3–4 CKD were
enrolled.
1) Oral therapy with low-dose, sorbitol-free
SPS was associated with significant
reductions in serum potassium levels that
were maintained over several weeks and
months.
2) This potassium-lowering effect was not
accompanied by excess risk of serious
electrolyte disturbances and other
gastrointestinal side effects.
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Fallacy: Sodium polystyrene sulfonate (SPS) is of uncertain efficacy, and if effective, it is only after a delay of several

hours, making its usefulness questionable for severe hyperkalemia.

Truth: Recent clinical studies and case series of SPS use confirmed its effectiveness in almost 800 patients; single 60- to
80-g doses were followed by average falls in serum potassium of 0.9 to 1.7 mmol/L. Regarding onset of action, a
significant fall of 0.6 mmol/L was noted in potassium concentrations measured from 0 to 4 hours after SPS administration.

Fallacy: Intestinal necrosis, usually of the colon, is an infrequent, but often fatal complication of SPS.

Truth: It is not clear if SPS causes intestinal necrosis; instead, it may just be a marker for risk factors for intestinal
necrosis, such as chronic and end-stage renal disease. Even if SPS with or without sorbitol can rarely produce intestinal
necrosis, it is so uncommon (much <1%).

Kidney Int Rep 2018; 3: 47–55
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Comparisons between calcium and sodium polystyrene sulfonate 
in pre-dialysis patients with hyperkalemia

Clin Exp Nephrol 2018; 22:35–44
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Clin Exp Nephrol 2018; 22:35–44
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Conclusion

Chronic hyperkalemia is a major concern in CKD patients, especially taking RAAS

blockades for diabetes and/or cardiac disease.

For the past decades sodium polystyrene sulfonate (SPS) and calcium polystyrene

sulfonate (CPS) were used to treat hyperkalemia in kidney failure, although the issues of

their efficacy and safety have not been resolved.

New agents such as patiromer and sodium zirconium cyclosilicate are promising

because of recent RCT results.

Further comparative trials among patiromer, ZS-9, and CPS are required to provide

guides to cost-effective management of chronic hyperkalemia .
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Reducing the risk of hyperkalemia when using RAAS blockades

Assess renal function to define overall risk of hyperkalemia

Discontinue medications that can impair renal potassium excretion, including 

herbal preparations and over-the-counter nonsteroidal anti-inflammatory drugs

Reduce potassium in diet, avoid salt substitutes containing potassium

Ensure effective diuretic therapy (loop diuretics should be used if the estimated 

glomerular filtration rate is < 30 mL/min/1.73 m2)

Correct metabolic acidosis when present

Start with low doses of renin-angiotensin-aldosterone system blockers and 

monitor closely

Modified from Cleve Clin J Med 2017;84:934-942

Use K+ binders

KDIG
O



Strategies according to the levels of serum [K+] in CKD

Journal of Nephrology 2018; 31:653–664
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