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Rehospitalization for Heart Failure
Predict or Prevent?

Desai AS et al. Circulation. 2012;126:501-506



Kaplan–Meier curves for overall survival in (A) men or (B) 
women with different cancer or heart failure

Mamas MA et al. European Journal of Heart Failure (2017) 19, 1095–1104



3.0

3.5

4.0

5.0

5.5

6.0

Hypokalemia

Normal
Target Range: K+=3.8-5.0

Low

Hyperkalemia

LowSe
ru

m
 K

+ 
 (m

Eq
/L

)

The RAAS and Regulation 
of Potassium Excretion in 

the Kidney

Palmer BF, N Engl J Med 2004; 351:585-592





Mullens W et al. Eur J of Heart Failure (2022) 24, 603–619



Thirty Years of Evidence on the Efficacy of Drug Treatments for Chronic 
Heart Failure With Reduced Ejection Fraction

A Network Meta-Analysis

Burnett H et al. Circ Heart Fail. 2017;10:e003529. 

All-cause mortality



HIGH RAASI DOSES OFFER BETTER CV PROTECTION 
FOR PATIENTS WITH HF

*vs placebo. See slide notes for abbreviations.
1. Packer M, et al. Circulation. 1999;100:2312–18; 2. Lonn EM, et al. Circulation. 2001;103:919–25; 3. Konstam MA, et al. Lancet 2009;374:1840–8.

SECURE2

Double-blind, prospective trial evaluating the 

effects of long-term ramipril and vitamin E on 

atherosclerosis progression in patients at high risk 

of CV events

HEAAL3

Double-blind, prospective trial investigating effects 

of high-dose vs low-dose losartan on clinical 

outcomes in patients with HF

10%
risk reduction of all-cause mortality or 

HF hospitalisation

HR 0.90; P=0.027

risk reduction of HF hospitalisation
HR 0.87; P=0.025 13%

risk reduction of CV mortality or 
CV hospitalisation
HR 0.91; P=0.034

9%

risk reduction of CV mortality or 
HF hospitalisation
HR 0.88; P=0.011

12%

ATLAS1

Double-blind, prospective trial assessing the 

effects of lisinopril on CV outcomes in patients 

with HF (NYHA II–IV) with ejection fraction ≤30%

10%

13%

24%

8%
risk reduction of all-cause mortality
HR 0.92; P=0.128

risk reduction of CV mortality 
HR 0.90; P=0.073

fewer hospitalisations
3,819 vs 4,397; P=0.021

lower risk of HF hospitalisation 
1,199 vs 1,576; P=0.002

0 0,01 0,02 0,03

Ramipril 10 mg/d
(n=234)

Ramipril 2.5 mg/d
(n=232)

Placebo (n=227)

Mean (SEM) maximum intimal-medial 
thickness (mm/year)

P=0.028*

P=0.033

Overall 

ramipril effect

Compared with low-dose, patients receiving 

high-dose losartan had: 

Compared with low-dose, patients receiving 

high-dose lisinopril had: 

Compared with low-dose RAASi, high-dose RAASi

may be more effective at reducing atherosclerosis 

progression in patients with high-risk of CV events
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ALL RAASI INCREASE SERUM POTASSIUM LEVELS

ACE, angiotensin-converting-enzyme; ARB, angiotensin II receptor blocker; AT1, angiotensin II receptor type 1; HF, heart failure; K+, potassium; MRA, mineralocorticoid receptor antagonist; 
RAASi, renin-angiotensin-aldosterone system inhibitor. 
Palmer BF. New Engl J Med. 2004;351:585–92; Ponikowski P, et al. Eur Heart J. 2016;37:2129–200.

Renin inhibitors

ACE inhibitors

ARBs, 

MRAs

K+ retention

Sodium/water uptake

Mineralocorticoid receptor

Aldosterone production

AT1 receptor

Angiotensin II

Angiotensin I

Angiotensinogen

valsartan/sacubitril

Hyperkalaemia is an inherent risk in the treatment of HF with RAASi

10
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Pitt B et al. N Eng J Med 1999

   30% risk of death
 30% Hx for cardiac cause



Rate of hospital admission for hyperkalemia among patients recently 
hospitalized for HF who were receiving ACE-I

Juurlink DN et al. N Engl J Med 2004;351:543-51.



Juurlink DN et al. N Engl J Med 2004;351:543-51.

Rate of hospital admission for hyperkalemia among patients recently 
hospitalized for HF who were receiving ACE-I
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LCZ 696 Enalapril
0.15

0.007

McMurray JJV et al. N Engl J Med 2014;371:993-1004.
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Current Evidence on Treatment of Patients With Chronic 

Systolic Heart Failure and Renal Insufficiency

Damman K et al. J Am Coll Cardiol 2014;63:853–71



Hyperkalemia Is Prevalent Among Older 
Populations With Advanced Kidney Disease

• CKD: chronic kidney disease

• Based on an analysis of 1.63 million persons aged ≥5 years with K+ readings on 2 dates (2008-2012), with >1 K+ value between 2.5 and 10 mEq/L during 
2008-2012. Control population composed of patients ≥65 years without CKD stages 2-5, heart failure, diabetes, or end-stage renal disease (ESRD).

• Hyperkalemia defined as highest reported K+ value ≥5.1 mEq/L in 2008-2012.

• Data on file. Relypsa, Inc., Redwood City, CA. Data source: Humedica, Cambridge, MA. 
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5-Year Database Prevalence of Hyperkalemia 
Control Population vs CKD Stages 3a, 3b, and 4 in Patients ≥65 Years



Adjusted Mortality* by Serum K+ Level in Patients 45 to 
64 Years and ≥65 Years With and Without Comorbid Illness 

Confidential. Do not distribute. Not to be left behind DRAFT

Increases in mortality remained after adjustments for demographic characteristics and comorbidities 

Normal Range

*Evaluated through de-identified medical records (2007-2012) of individuals with ≥2 mEq/L serum K+ readings (Humedica, Cambridge, MA). Spline analyses were performed to assess mortality 
at 0.1 mEq/L increments of serum K+ after adjusting for covariates and interactions. Comorbid patients are those with diabetes, heart failure, CKD stages 3-5, cardiovascular disease, or 
hypertension.

Pitt B, et al. 2014 AHA Scientific Sessions; November 15-19, 2014; Chicago, IL; Poster 2443.
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RAASi: renin-angiotensin-aldosterone system inhibitor, SPS: sodium polystyrene sulfonate

Therapy

Dialysis1

Loop diuretics1 Sodium bicarbonate1

SPS1

Low K+ diet2

RAASi 

reduction2

Membrane stabilization

K+ redistribution

K+ elimination

Removal/reduction of drugs that ↑serum K+

Emergent

Insulin1

ᵦ-adrenoreceptor 

agonists1

Calcium 

gluconate salt1

Intermediate Maintenance

Acute management

1. Weisberg L. Crit Care Med. 2008;36(12):3246-3251.  2. Palmer BF, et al. N Engl J Med. 2004;351(6):585-592.

Traditional Treatment Options for Hyperkalemia



KDIGO Guidelines do not provide recommendations5

*ESC HFA: Management of acute hyperkalemia (>6.0) may require a short-term cessation of K+-retaining agents and RAASi, but this should be minimized and RAASi should be carefully 
reintroduced as soon as possible while monitoring K+ levels.3

1. Yancy CW, et al. Circulation. 2016;134:[Epub ahead of print].  2. Yancy CW, et al. Circulation. 2013;128:1810-1852.  3. Ponikowski P, et al. European Heart Journal. 2016 May 20. pii: ehw128. 
[Epub ahead of print].  4. Heart Failure Society of America, Lindenfeld J, et al. J Card Fail. 2010;16(6):475-539.   
5. KDIGO Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppl. 2013;3(1).  6. National Institute for Health and Clinical Excellence (NICE) 
[UK]. Chronic kidney disease (partial update): Early identification and management of chronic kidney disease in adults in primary and secondary care. 2014. 
https://www.nice.org.uk/guidance/cg182/evidence/update-full-guideline-191905165.  7.  National Kidney Foundation. Guideline 11. 
http://www2.kidney.org/professionals/kdoqi/guidelines_bp/guide_11.htm. Accessed February 17, 2015.

Serum K+ Threshold Before Change in RAASi Guideline Recommendation
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Most conservative Most aggressive

K/DOQI7: 
Discontinue ACEi/ARB if >5.5

ESC HFA3: 
Discontinue ACEi/ARB if >5.5; 

Halve dose of MRA if >5.5. 

ACC/AHA HF2 and HFSA HF4: MRA not 
recommended >5.0

K/DOQI7: 
Halve dose of RAASi if >5.0

NICE CKD6: don’t routinely start 
RAASi if >5.0

NICE CKD6: Stop RAASi if >6.0
ESC HFA3 Stop MRA if >6.0*

ACC/AHA/HFSA HF1, ESC HFA3:
ACEi/ARB use with caution >5.0

Guidelines Recommend RAASi Dose Modifications With 
Increasing Serum K+ 
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• RAASi prescriptions were classified by dose level using the following dose categories: 

– “Maximum,” defined as the labeled dose

– “Submaximum,” defined as any RAASi dose lower than the labeled dose

– “Discontinued,” defined as the absence of RAASi prescriptions for >390 days subsequent to 
prior prescription

• Distribution of RAASi Dose Levels in Patients With 
CKD Stage 3-4 or Heart Failure or Diabetes 

N=100,907

Few Patients Are on Maximum RAASi

Epstein M, et al. Am J Manag Care. 2015;21:S212-S220.
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Maintained Dose
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Discontinued

(n = 43,288 total patients 
across dose categories)

(n = 20,529 total patients 
across dose categories)

(n = 79,087  total patients across 
dose categories)

(n = 201,655  total patients across 
dose categories)

Epstein M, et al. Am J Manag Care. 2015;21:S212-S220.

Percent Mortality by Prior RAASi Dose



• Discontinuation rates were higher after 

moderate/severe (K+ >5.5 mEq/L) and 

<3 months from MRA initiation

• Participants with CKD carried the highest risk of 

MRA discontinuation

RAASI ARE FREQUENTLY DISCONTINUED OR 
REDUCED IN PATIENTS WITH HF AFTER A 
HYPERKALAEMIA EVENT

See slide notes for abbreviations. 
Trevisan M, et al. Eur J Heart Fail. 2018;20:1217–26.

Drug prescription patterns after hyperkalaemia

23% 1.6%

MRA continuation

90% Same dose

10% Reduced dose

53%

MRA discontinued 47%

Prescription of 

new diuretics

45%

Prescription of 

new SPS

ACEi/ARB 

discontinuation

Objective

MRA discontinuation

This study investigated the 1-year incidence and 

clinical HK predictors, and quantified drug prescription 

changes after an episode of HK in 13,726 Swedish 

patients initiating MRA therapy during 2007–2010

22



Mediator K+ at baseline, mEq/L
Risk of CV death

HR (95% CI)
P-value

ACEi discontinuation

5–5.5 0.89 (0.76, 1.05) 0.171

>5 0.97 (0.74, 1.27) 0.814

ARB discontinuation

5–5.5 1.04 (0.90, 1.20) 0.623

>5 1.03 (0.79, 1.34) 0.827

MRA discontinuation

5–5.5 0.99 (0.85, 1.15) 0.898

>5 0.85 (0.66, 1.10) 0.213

UNRAVELLING THE INTERPLAY BETWEEN HK, 
RAASI USE AND CLINICAL OUTCOMES

ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; CV, cardiovascular; ESC-HFA-EORP, European Society of Cardiology Heart Failure Association EURObservational Research Programme; HK, 
hyperkalaemia; HR, hazard ratio; MRA, mineralocorticoid receptor antagonist; RAASi, renin-angiotensin-aldosterone system inhibitor.
Rossignol P, et al. Eur J Heart Fail. 2020;22:1378–89.

23

Risk of CV death due to HK was no longer statistically significant after controlling for RAASi therapy 
discontinuation; data from the ESC-HFA-EORP Heart Failure Long-term Registry (n~9000)

Is HK a risk marker for RAASi discontinuation rather 

than being a risk factor for worse outcomes? Reduced risk of CV death Increased risk of CV death

1.510.5



Hyperkalaemia is a risk marker

for poor outcomes

HYPERKALAEMIA AS A RISK MARKER IN 
HEART FAILURE

CKD, chronic kidney disease; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; K+, potassium; RAASi, renin-angiotensin-aldosterone system inhibitor.
1. Lund LH and Pitt B. Eur J Heart Fail. 2018;20:931–2; 2. Luo J, et al. Clin J Am Soc Nephrol. 2016;11:90–100; 3. Aldahl M, et al. Eur Heart J. 2017;38:2890–96; 
4. Martens P, et al. Acta Cardiol. 2020;1–9 doi: 10.1080/00015385.2020.1771885; 5. Vardeny O, et al. Circ Heart Fail. 2014;7:573–9; 6. Rossignol P, et al. Circ Heart Fail. 2014;7:51–8; 7. Beusekamp JC, et al. Eur J Heart Fail. 2018;20:923–30; 
8. Epstein M, et al. Am J Manag Care. 2015;21:S212–20; 9. Rossignol P, et al. Eur J Heart Fail. 2020;22:1378–89.

Hyperkalaemia is not a risk factor

for poor outcomes

• A U-shaped relationship between K+ and poor outcomes 

has been observed in HF and CKD1–3

• However, multivariable adjustment varies and data for 

the association of hyperkalaemia with worse outcomes 

are inconsistent4

Hyperkalaemia Poor outcomes

Suboptimal 

RAASi use

• According to several clinical trials, the benefit of RAASi was 

not attenuated by hyperkalaemia5–7

• Instead, real-world studies have demonstrated that suboptimal 

use of RAASi due to hyperkalaemia have been associated with 

poor clinical outcomes8,9

Hyperkalaemia Poor outcomes

The main goal for patients with HFrEF and concomitant CKD and/or hyperkalaemia should be to optimise RAASi use1

24



Intracellular 
(~150 mEq/L)

Extracellular
(~4-5 mEq/L)

Diet 

Stool loss
(10%)

Urine loss
(90%)

Serum levels are affected by shifts in K+

between the intracellular and 
extracellular space in addition to the 
total body balance2

1. Evans KJ, Greenberg A. J Intensive Care Med. 2005;20(5):272-290. 
2. Brown RS. Am J Med. 1984;77(5A):3-10. 

Gut Kidney

Normal Potassium Distribution1,2



● Responsible for net colonic K+ secretion

● Paracellular secretion (extracellular to 
intracellular space across tight junctions)

● Greatest in the distal end of the colon 

BK: big K+; Cl−: chloride; Na+, sodium.

Passive secretion Active secretion

● Occurs throughout the colon

● Mechanistically follows the “pump-leak” model

− Basolateral uptake of K+ via Na+/K+ pump and Na+/K+/Cl−

cotransporter

− Efflux of K+ through BK channels

ATP

3 Na+
2 K+

K+

K+

2Cl–

Na+

3 Na+

2 K+

K+

ATP

The lumen potential is 25mV

The Response to Elevated Serum K+ Levels Is an Increase in 
Colonic K+ Secretion Using 2 Mechanisms 

Binder HJ. In: Boron WF, Boulpaep EI, eds. Medical Physiology. Philadelphia, PA: Elsevier; 2005:931-946.



In CKD and ESRD patients, active K+ secretion is increased (>70 mEq/day)1

Increased BK channel expression and concentration on the colonic epithelial cell apical surface2

As CKD progresses, BK channel content increases independent of plasma K+ concentration, transmucosal potential difference, 
or aldosterone status2

colonic epithelial 
cell (surface/crypt)

1. Mathialahan T, et al. J Pathol. 2005;206(1):46-51. 2. Sandle GI, et al. Q J Med. 2009;159:1-5.

(apical)

(basolateral)

+ +

colonic epithelial 
cell (surface/crypt)

Channels:
KCNMA1 (BK) = electrogenic 
K+ secretion
ENaC = electrogenic 
Na+ absorption
CFTR = electrogenic 
Cl- secretion

ATPase 
pump cotransporter

(apical)

(basolateral)

Recycling

Aldosterone

Na+

N+

K+

Na+ 2Cl- K+

BI

cAMP

Na+

K+

CI

Ap

CFT1ENaCKCNMA1 (BK)

CKD and ESRD Adaptation Includes Increased K+ 
Secretion in the Colon

ESRD: end-stage renal disease



Comparison of Key Potassium Binders1

1. GarimellaPS, et al. Am J Kidney Disease 2016;Epub ahead of print; 2. Chaitman M et al. PT. 2016;41(1):43–50.
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Available Sodium Content in SPS Dosing Strategy 

Since the in vivo efficiency of SPS is about 33%, approximately 1/3 of the resin’s actual sodium content is being delivered to the body1

SPS dosing may use up a sizable portion of a sodium-restricted patient’s daily sodium allowance

1. Kayexelate [package insert]. Bridgewater, NJ: Sanofi-Aventis; 2010.

2. Whelton P, et al. Circulation. 2012;126:2880-2889. 

3. KDIGO Clinical Practice  Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppl. 2013;3(1).  

4. Aronow WS, et al. Circulation. 2011;123:2434 -2506.

Recommended Sodium Limits in Many Patients 

at Risk for Hyperkalemia

ACCF/AHA 2011 – Hypertension2

AHA 2012 – Sodium Advisory4

KDIGO 2013 – CKD3

SPS Contains 9.4% sodium by weight (4.1 mEq/g)1

Sodium Polystyrene Sulfonate
and Sodium Content



➢ High-capacity K+ binder

➢ Average bead size (100 μM) is too large for patiromer to be absorbed from the 
gastrointestinal tract, enabling patiromer to be passed through the entire GI tract and absorb more K+

➢ Uniform spherical shape, size, and low-swelling beads ratio

High-capacity polymer Uniform, spherical patiromer beads

Li L, et al. J Cardiovasc Pharmacol Ther. 2016;doi:10.1177/107428416629549.

Patiromer Is a Novel, Sperical, Non-absorbed K+ Binder

Patiromer travels through the 

gastointestinal tract over 24-72 

hours

Patiromer is fully ionized at the physiologic  pH of the colon for optimal ion exchange. 
Carboxylate groups of patiromer bind to K+,  which is primarily in the colon due to  upregulation of BK 
channels in colonic  epithelial cells. Patiromer beads are excreted, leading to  removal of excess K+ and 
reduction of  serum K+ levels. Ca2+ is exchanged for K+



Patiromer Increases Fecal and Decreases 
Urinary K+ Excretion in Healthy Volunteers

SD: standard deviation.

Li L, et al. J Cardiovasc Pharmacol Ther. 2016;doi:10.1177/1074248416629549.
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Evaluation of the efficacy and safety of RLY5016, a polymeric potassium binder, 
in a double-blind, placebo-controlled study in patients with chronic heart 

failure (the PEARL-HF) trial

Pitt B et al. European Heart Journal (2011) 32, 820–828

 hyperkalaemia 
      (7.3% RLY5016 vs. 24.5% placebo, P . 0.015)
 spironolactone 50 mg/day   
      (91% RLY5016 vs. 74% placebo, P . 0.019).



OPAL-HK Part A: 
Primary and Secondary Efficacy Endpoints

HK; hyperkalemia.
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Secondary Efficacy Endpoint:
76% of subjects had serum K+ in the target range 

(3.8 to <5.1 mEq/L) at week 4 

Day
3

Week
1

Week
2

Week
3

Week
4

5.8

5.6

5.4

5.2

5.0

4.8

4.6

4.4

4.2

0

Primary efficacy endpoint:
mean change from baseline to Week 4 (all subjects)

m
Eq

/L

Overall

Mild hyperkalemia

Moderate-to-severe 
hyperkalemia

0.0

–0.2

–0.4

–0.6

–0.8

–1.0

–1.2

–1.4

–0.65
(95% CI

–0.74, –0.55)

Milk HK Mod/Severe HK All subjects

–1.23
(95% CI

–1.31, –1.16)

–1.01
(95% CI

–1.07, –0.95)

p<0.001

Weir MR, et al. N Engl J Med. 2015;372(3):211-221.



Pitt B et al. European Journal of Heart Failure (2015) 17, 1057–1065

Effect of patiromer on reducing serum K+ and preventing recurrent 
hyperkalaemia in patients with HF and CKD on RAAS inhibitors: OPAL-

HK
Treatment phase Withdrawal phase



All serum K+ analyses are based on central lab values; 3 patients (2 with mild HK and 1 with moderate HK) did not have a central lab serum K+ 

value at baseline and therefore are not included in the analysis at this timepoint. *At all timepoints, P<0.001 (2-sided t-test) for least-squares 
mean changes from baseline and week 52 (or from last dose of patiromer received during the study). 

.

Compliance throughout the entire study ranged from 
86.7% to 95.9% across dose groups and strata
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Baseline

Day 3a

1

No. of patients
Hyperkalemia
Mild 218 204 199 192 175 168 161 161 163 158 156 151 148 149 145 131 126
Moderate 83 83 73 70 65 62 62 62 61 53 53 53 52 49 49 48 47

Treatment
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5.4
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Follow-up

Day 3b

1c 3d

4 8 12 16 20 24 28 32 36 40 44 48 52 2 4

Hyperkalemia

Mild
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Study visit, wk

Effect of Patiromer on Serum Potassium Level in Patients
With Hyperkalemia and Diabetic Kidney Disease: 

The AMETHYST-DN Randomized Clinical Trial

Bakris G, et al. JAMA. 2015;314(2):151-161.



AMBER KEY RESULTS: ITT POPULATION

*Patients who completed 12 weeks of study treatment and had not had any event are censored at Week 12. 

CI, confidence interval; CKD, chronic kidney disease; ITT, intention-to-treat; LS, least squares; PAT, patiromer; PBO, placebo; spiro, spironolactone.

Agarwal R, et al. Lancet. 2019;394:1540−50.

Primary endpoint: Patients who remained 

on spironolactone at Week 12

LS mean (95% CI) difference between groups: 

20% (95% CI 10–29)
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Circles indicate censored observations*

Spironolactone + placebo

Spironolactone + patiromer

In advanced CKD with resistant hypertension, patiromer enables more persistent use of spironolactone
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AMBER: TIME TO SERUM K+ 5.5 MEQ/L

*Patients who did not have any event are censored on the last date with serum K+ assessment.
ITT, intention-to-treat; K+, potassium.
Agarwal R, et al. Lancet. 2019;394:1540−50.

ITT population

Log-rank P0.0001

Circles indicate censored observations*

Spironolactone + placebo

Spironolactone + patiromer

Among patients treated with placebo, 2 out of 3 developed hyperkalaemia

Patiromer reduced this risk by half
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Pergola PE et al. Am J Nephrol 2017;46:323–332

Patiromer is equally effective and well tolerated when taken 
without food  or with food: TOURMALINE study
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PATIROMER HAS DEMONSTRATED THE ABILITY  TO ENABLE RAASI IN 
PLACEBO-CONTROLLED RANDOMISED CLINICAL TRIALS 

CKD, chronic kidney disease; d/c, discontinuation; eGFR, estimated glomerular filtration rate; HF, heart failure; HK, hyperkalaemia; K+, potassium; 
normoK, normokalaemia; RAASi, renin–angiotensin–aldosterone system inhibitor; rHTN, resistant hypertension; sK+, serum potassium. 
1. Weir MR, et al. N Engl J Med. 2015;372:211–21; 2. Pitt B, et al. Eur Heart J. 2011;32:820–8. 3. Agarwal R, et al. Lancet. 2019;394:1540–50. 

Patiromer enabled substantially more patients to:

• Remain on their RAASi medications at the end of the study, compared with those given placebo1

• Initiate and up-titrate spironolactone in patients with HF and advanced CKD with rHTN2,3

P<0.0001

Primary endpoint: 

Patients who remained on spironolactone 

at Week 12

86%

66%

AMBER LANCET 2019; N=2953

rHTN; eGFR 25–45 mL/min/1.73 m2; 
sK+ 4.3–5.1 mEq/L

P=0.019

Secondary endpoint: 

Increase of spironolactone dose to 50 mg

74%

91%

PEARL-HF EHJ 2011; N=1052

HF + ([K+ requiring d/c RAASi] or [eGFR<60])         

normoK; 4w → 25% v 7% hyperkalaemia

Exploratory endpoint: 

Patients receiving any RAASi dose 

94%

44%

OPAL Weir NEJM 2015; N=2431

eGFR 15–59; K+ 5.1–6.4; RAASi; 42–49% HF 

8w randomised withdrawal → 60% v 15% HK recurrence

Placebo

Patiromer

Placebo

Patiromer

Placebo

Patiromer



Study

A retrospective, observational cohort study of 288 US 

Veterans with hyperkalaemia (K+ ≥5.1 mEq/L)

Findings

• K+ concentration reductions post-patiromer initiation 

averaged –1.0 mEq/L (P<0.001)

• Through 6 months post index, RAASi therapy was 

continued in ~80% of patients treated with patiromer

Objective

To evaluate patiromer utilisation, RAASi continuation and 

serum K+ levels post-patiromer initiation

REAL-WORLD MANAGEMENT OF HYPERKALAEMIA WITH PATIROMER 
IS ASSOCIATED WITH HIGH RATES OF RAASI CONTINUATION

CI, confidence interval; K+, potassium; US, united states; RAASi, renin-angiotensin-aldosterone system inhibitor.
Kovesdy CP, et al. Postgrad Med. 2020;132:176–83.
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PATIROMER: SAFETY AND  TOLERABILITY PROFILE

AE, adverse event; GI, gastrointestinal.
Patiromer EU Summary of Product Characteristics, 2019.

Summary of the safety profile

Hypomagnesaemia

Interactions

LIST OF ADVERSE REACTIONS 

IN CLINICAL STUDIES

System Organ 

Class
Common Uncommon

Metabolism 

and nutrition 

disorders

Hypomagnesaemia

Gastrointestinal 

disorders

Constipation

Diarrhoea

Abdominal pain

Flatulence

Nausea

Vomiting

• Hypomagnesaemia was mild-to-moderate, with no patient developing a serum 

magnesium level <1 mg/dL (0.4 mEq/L). Serum magnesium should be 

monitored for at least 1 month after initiating treatment, and magnesium 

supplementation considered in patients who develop low serum magnesium levels

• Most AEs reported from trials were GI disorders, with constipation (6.2%), 

hypomagnesaemia (5.3%), diarrhoea (3%), abdominal pain (2.9%) and 

flatulence (1.8%) being the most common

• Most frequently reported GI-related AEs were generally mild-to-moderate in 

nature, did not appear to be dose-related, generally resolved spontaneously 

or with treatment, and none was reported as serious

• Patiromer has the potential to bind some oral co-administered medications, 

which could decrease their GI absorption

• As a precautionary measure, administration of patiromer should be separated 

by at least 3 hours from other oral medications
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Characterization of structure and function of ZS-9, a K+ selective ion trap

Stavros F, et al. PLoS One 2014;9:e114686



Effect of Sodium Zirconium Cyclosilicate on Potassium

Lowering for 28 Days Among Outpatients With Hyperkalemia

The HARMONIZE Randomized Clinical Trial

Kosiborod M et al. JAMA. 2014;312(21):2223-2233.



Effect of Sodium Zirconium Cyclosilicate on Potassium

Lowering for 28 Days Among Outpatients With Hyperkalemia

The HARMONIZE Randomized Clinical Trial

Kosiborod M et al. JAMA. 2014;312(21):2223-2233.

Open label     placebo                5 g                    10 g                   15 g



Packham DK et al. N Engl J Med 2015;372:222-31.N Engl J Med 2015;372:222-31.









Rosano GMC et al. G Ital Cardiol 2021;22(12 Suppl 1):e8-e12

Proprietà. farmacodinamiche e farmacocinetiche di patiromer e ciclosilicato 
di sodio e zirconio (SZC)



European Heart Journal (2021) 00, 1 42



SUMMARY 

• RAASi, including ACE inhibitors, ARBs and MRAs, are the cornerstone of therapy in heart failure and 

chronic kidney disease 

• RAASi are proven to reduce morbidity and mortality in patients with CVD, preserve kidney function 

in CKD and delay progression to ESKD

• RAASi are associated with a risk of hyperkalaemia

• Hyperkalaemia is a serious, chronic condition associated with increased mortality

• RAASi are frequently down-titrated or stopped due to hyperkalaemia

• Optimal therapy with RAASi at the guideline recommended maximum dose improves outcomes for 

patients and decreases healthcare costs

• Without guideline-recommended doses of RAASi, patient outcomes can decline

• Existing treatments for the management of chronic hyperkalaemia are poorly tolerated and are not 

suitable for long-term use

• New options are needed to enable physicians to ensure long-term benefits of RAASi

ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; CVD, cardiovascular disease; ESKD, end-stage kidney disease; MRA, mineralocorticoid receptor antagonist; 
RAASi, renin-angiotensin-aldosterone system inhibitor.
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