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Rosano et al, European Journal of Heart Failure (2021) doi:10.1002/ejhf.2206



 Typically defined as serum K+ levels 
>5.0 mEq/L1

 Hyperkalaemia may be further classified 
as mild, moderate or severe2

 Often asymptomatic until patient exhibits 
serious consequences1,4

 Can occur with or without ECG changes5

 Patients may present with muscle weakness, 
twitching, cramping or paralysis4

HYPERKALAEMIA CAN BE A SERIOUS, CHRONIC 
DISORDER WITH CLINICAL CONSEQUENCES

1. Rastergar A, et al. Postgrad Med J. 2001;77:759–64; 2. Di Lullo, et al. Cardiorenal Med. 2019;9:8–21; 3. Rosano GMC, et al. Eur Heart J. 2019;4:180–88;
4. Kraft MD, et al. Am J Health-Syst Pharm. 2005;62:1663–82; 5. Montford JR and Linas S. J Am Soc Nephrol. 2017;28:3155−65; 6. Kovesdy CP. Rev Endocr 
Metab Disord. 2017;18:41−7.
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Hypokalaemia Normokalaemia Hyperkalaemia

Serum K+ levels (mEq/L)

Serious clinical consequences of HK

Emergency department 
visits and hospitalisations6

Arrhythmias such as 
ventricular fibrillation1,4

Sudden death1

Definition Signs and Symptoms

Adapted from Di Lullo, et al. 20192

! “Chronic or recurrent hyperkalaemia is defined 
as K+ levels >5 mEq/L repetitively measured over 
a 1-year period”3



MECHANISM LEADING TO HYPERKALAEMIA

1. Palmer BF, et al. N Engl J Med. 2004;351:585–92; 2. Shlipak MG. Ann Intern Med. 2003;138:917–24.

Renal function often declines with progressive HF resulting 
in reduced GFR and impaired potassium excretion1
Renal function often declines with progressive HF resulting 
in reduced GFR and impaired potassium excretion1

ACEi/ARBs further influence urinary potassium excretion 
by interfering with the stimulatory effect of angiotensin II 
on aldosterone secretion in the adrenal gland1

ACEi/ARBs further influence urinary potassium excretion 
by interfering with the stimulatory effect of angiotensin II 
on aldosterone secretion in the adrenal gland1

Aldosterone receptor blockers inhibit the action of 
aldosterone, impairing potassium excretion1
Aldosterone receptor blockers inhibit the action of 
aldosterone, impairing potassium excretion1

A large proportion of patients receiving RAASI are 
at increased risk of hyperkalaemia as approximately 
one third to one half of patients with HF have renal 
insufficiency (eGFR <60 mL/min/1.73 m2)2

Aldosterone 
Receptors
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triamterene, 
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metabolism: 
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Treatment of HF in an Era of
Mult iple Therapies
Statement From the HF Collaboratory
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Uso esclusivo Medical Affair

FIDELIO-DKD: Finerenone decreased the risk of CKD progression in 
patients with T2DM but was associated with hyperkalemia

12

aSustained decrease in eGFR defined as at least 40% reduction in eGFR from baseline over a period of at least 4 weeks.
CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; FIDELIO-DKD = Finerenone in Reducing Kidney Failure and Disease Progression 
in Diabetic Kidney Disease; HR = hazard ratio; T2DM = Type 2 diabetes mellitus.
Bakris GL et al. N Engl J Med. 2020;383:2219-2229.

Time to first event of kidney failure, sustained 
decrease in eGFRa, or death from renal causes 

(Primary composite endpoint)
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Risk of DysK in HF patients



F patients with DysK
Worse outcome in HF patients with DysK
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Predictors of DysK
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Cosa possiamo concretamente fare:

- Possiamo verificare aspetti nutrizionali e dare suggerimenti;
- Possiamo rimodulare le dosi dei RAASi;
- Possiamo utilizzare la K+ dispersione dei diuretici ansa/ 

tiazidici;
- Possiamo sfruttare la K+ dispersione degli SGLT2;
- K+ binders



Romani S, Sinagra G et al. G Ital Cardiol 2019;20(10):543-551
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BUSINESS USE



BUSINESS USE

878 Pts; 13 weeks; 67 yrs; 42% DM; GFR >30 ml/min/1.73 mq; K+ >5.5 13.9 vs 
19.4 % p 0.006; RAASi reduction > placebo; HK related outcomes > placebo 

Eur Heart J; 2022; 43; 4362 -
4373





Uso esclusivo Medical Affair

Efficacy of SZC was similar across all patient subgroups, including 
those receiving RAASi therapy

27

Note: Normokalemia defined as serum K+ 3.5-5.0 mmol/L and patients on dialysis were excluded from the study. RAASi was not defined in the study.
aData shown is based on definitions used to identify patients with baseline comorbid conditions (across the ZS Pharma clinical development program) using custom lists of preferred terms. 
AstraZeneca has elected to use more recognized definitions that are based on the standardized Medical Dictionary for Regulatory Activities query (narrow) for each comorbid condition. For example, 
in the original HF population (n=94), the mean change from baseline in K+ was -1.173 mmol/L at 48 hours. Based on the AstraZeneca re-analysis, the percentage of patients with HF is 11% (28/251) 
with a mean change in K+ of -1.196 mmol/L at 48 hours;2 bBaseline eGFR <60 mL/min/1.73 m2.1 

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HF = heart failure; RAASi = renin–angiotensin–aldosterone system inhibitor; SZC = sodium zirconium cyclosilicate.

1. Kosiborod M et al. JAMA. 2014;312:2223-2233; 2. In House Data, AstraZeneca Pharmaceuticals LP. LOKELMA (sodium zirconium cyclosilicate) oral suspension. Subgroups based on comorbid 
conditions at baseline in ZS clinical studies. Doc ID-003819479. April 4, 2018.
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ZS-004 (HARMONIZE)1

Mean Serum K+ Level With SZC 10 g TID at 0 and 48 Hours in the 
Open-label Correction Phase Across Prespecified Subgroups1



Uso esclusivo Medical Affair

ZS-004E (11-MONTH EXTENSION)3

28

Note: Normokalemia defined as serum K+ 3.5-5.0 mmol/L and patients on dialysis were excluded from these studies.1,3

ap<0.001 vs. baseline;1 bIf a patient’s K+ value was between 3.0-3.4 mmol/L at any time during the randomized phase, the dose was reduced from QD to QOD for the remainder of the 
study;1 cp<0.001 vs. placebo during Days 8-29;1 dMaintenance SZC dosing was initiated at 10 g QD and titrated in 5 g increments or decrements to maintain i-STAT K+ 3.5–5.0 mmol/L 
(minimum 5 g QOD; maximum 15 g QD). Off-drug values were recorded at 7±1 days following the last dose of SZC;3 eMean SZC doses to maintain normokalemia were 10 g QD in 
73.2%, >10 g QD in 13.0%, <10 g QD in 13.8% of patients.3

BL = baseline; CP = correction phase; MP = maintenance phase; QOD = every other day; SZC = sodium zirconium cyclosilicate. 
1. Kosiborod M et al. JAMA. 2014;312:2223-2233; 2. LOKELMA Summary of product characteristics. Updated January 21, 2021; 3. Roger SD et al. Article and supplementary 
material. Am J Nephrol. 2019;50:473-480.
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SZC provided rapid K+ reduction within 48 hours and sustained 
K+ control for up to 1 year

Randomized, Double-blind MP (Days 1-29)1,b Open-label MP (Days 1-337)3,d

SZC titrated dosee (N=123)

88% of patients receiving SZC 
maintained an average serum K+ 

<5.1 mmol/L over 11 months3

Time (Hours) Time (Days) Time (Days)

Open-label CP (48 hours)1

SZC 10 g TID (n=258)

ZS-004 (HARMONIZE)1

88% of patients achieved 
normokalemia at 48 hours2

80%, 90%, and 94% of patients in SZC 5 g, 10 g, and 
15 g groups, respectively, vs. 46% in placebo group 

had a mean serum K+ <5.1 mmol/L during Days 8-291



Uso esclusivo Medical Affair

Long-term SZC clinical studies: most patients who were on RAASi therapy at BSL maintained the 
same dose or increased their RAASi dose

29

Note: RAASi includes ACEi, ARB, and MRA in ZS-004E and ZS-005 studies.
aPhase III, single-arm, open-label extension of the ZS-004 (HARMONIZE) trial evaluating efficacy and safety of SZC for the treatment of HK in outpatients (not on dialysis) for 11 months (N=123); 
bPhase III open-label, single-arm trial evaluating SZC for the treatment of HK in outpatients (not on dialysis) for 12 months (N=751). Changes in RAASi dose were evaluated as a prespecified 
exploratory analysis; cMultiple dose increases and decreases; dNon-mutually exclusive.

ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin II receptor blocker; HK = hyperkalemia; MRA = mineralocorticoid receptor antagonist; RAASi = renin-angiotensin-aldosterone
system inhibitor; SZC = sodium zirconium cyclosilicate.

1. Roger SD et al. Article and supplementary material. Am J Nephrol. 2019;50:473-480; 2. Spinowitz BS et al. Article and supplementary material. Clin J Am Soc Nephrol. 2019;14:798-809.

Of the 38 patients who were RAASi-naïve at extension phase baseline:

Maintained same 
RAASi dose

Increased 
RAASi dose

Added/Changedc/
Switched RAASi

Discontinued 
RAASi therapy

Initiated 
RAASi therapy

Of the 483 patients who received RAASi therapy at the start of the 
correction phase, to end of treatment (Day 365):

Of the 263 patients who were RAASi-naïve at baseline:

Decreased 
RAASi dose

78% 74%

13%d8%

4% 11%

14%d0%

10% 0%

Of the 83 patients who received RAASi therapy at the start of the 
extension maintenance phase (Day 8), to end of treatment (Day 337):

ZS-004E (11-MONTH EXTENSION)1,a

11% 14%

89%
continued
RAASi use 

while on 
SZCd

ZS-005 (12-MONTH STUDY)2,b

96%
continued
RAASi use 

while on 
SZC



Uso esclusivo Medical Affair

REALIZE-K is an ongoing Phase IV study to evaluate the efficacy 
and safety of SZC in patients with HFrEF who are optimized on spironolactone1

30

Note: NK defined as sK+ 3.5-5.0 mmol/L; HK defined as sK+ >5.0 mmol/L.1
aNot on spironolactone or eplerenone, or on low-dose spironolactone (<25 mg daily);1 bDefined as either having a history of HK within the prior 24 months and eGFR ≥30 mL/min/1.73 m2, or 
sK+ ≥4.5 mmol/L and eGFR 30-60 mL/min/1.73 m2 and/or age >75 years;1 cSZC 10 g TID ≤48 hours to achieve NK, followed by 10 g QD to maintain NK;1 dSZC dose range from 5 g QOD to 
5-15 g QD;1 ePatients who do not develop HK within 4 weeks will be discontinued from the study;3 fRandomization will be stratified by the sK+ cohort determined by central laboratory at the 
start of the open-label phase (Day 1);1 gSpironolactone to be continued at same dose as administered at the end of run-in phase; dose may be reduced in patients who develop HK despite 
maximum dose of SZC/placebo.2

Abbreviations and References in slide notes.

Double-blind, placebo-controlled, 
randomized withdrawal phase2,3

Open-label run-in phase2

Post-study 
follow-up2

3 weeks2

Placebo + 
spironolactoneg

8 months2

SZCd + 
spironolactoneg

Patients with NK on 
SZC and  

spironolactone 
≥25 mg QD

Screening1

2 weeks2

Cohort 1 (4 weeks)
sK+ 5.1– 5.9 mmol/L and 

eGFR ≥30 mL/min/1.73 m2

• SZC on Day 1c,d

• Initiate/up-titrate spironolactone 
when achieve NK

Cohort 1 (4 weeks)
sK+ 5.1– 5.9 mmol/L and 

eGFR ≥30 mL/min/1.73 m2

• SZC on Day 1c,d

• Initiate/up-titrate spironolactone 
when achieve NK

Cohort 2 (4-6 weeks)
NK and at risk of HKb

• Initiate/up-titrate spironolactone on 
Day 1

• SZC if HK developsc,d,e

Cohort 2 (4-6 weeks)
NK and at risk of HKb

• Initiate/up-titrate spironolactone on 
Day 1

• SZC if HK developsc,d,e

Patient Population:

• Symptomatic HFrEF
(NYHA class II–IV)

• LVEF ≤40% 

• On beta-blocker (unless 
contraindicated) and ACEi, 
ARB, or ARNI

• On no or low-dose MRAa

• sK+ 5.1-5.9 mmol/L and 
eGFR ≥30 mL/min/1.73 m2, 
or, NK and at high risk of 
HKb

Patient Population:

• Symptomatic HFrEF
(NYHA class II–IV)

• LVEF ≤40% 

• On beta-blocker (unless 
contraindicated) and ACEi, 
ARB, or ARNI

• On no or low-dose MRAa

• sK+ 5.1-5.9 mmol/L and 
eGFR ≥30 mL/min/1.73 m2, 
or, NK and at high risk of 
HKb

4-6 weeks2

Randomization1,f 1:1

Primary Endpoint:2

Occurrence of patients receiving SZC vs. placebo who are normokalemic and
on spironolactone ≥25 mg daily at EOT, and did not use rescue therapy for HK during 
the randomized withdrawal phase

Estimated Patient Enrollment: N=2651

Estimated Study Completion Date: October 20231



Uso esclusivo Medical Affair

In patients with HF, guidelines state the use of K+ bindersa to manage HK which 
may enable RAASi therapy

aPatiromer or sodium zirconium cyclosilicate;1,2 bDefined as maximal tolerated, guideline-recommended target dose of RAASi, which includes ACEi, MRA, or ARNi; 
cRAASi includes ACEi, ARB, ARNi, and MRA. 
ACC = American College of Cardiology; ACEi = angiotensin-converting enzyme inhibitors; AHA = American Heart Association; ARB = angiotensin receptor blocker; 
ARNi = angiotensin receptor-neprilysin inhibitor; COR = class of recommendation; ESC = European Society of Cardiology; HF = heart failure; HFSA = Heart Failure Society of 
America; HK = hyperkalemia; LOE = level of evidence; MRA = mineralocorticoid receptor antagonist; RAASi = renin-angiotensin-aldosterone system inhibitor.
1. McDonagh TA et al. Article and supplementary data. Eur Heart J. 2021;42:3599-3726; 2. Heidenreich PA et al. In press-corrected proof. J Am Coll Cardiol. 2022.31

2022 AHA/ACC/HFSA GUIDELINE FOR THE 
MANAGEMENT OF HEART FAILURE2

Management of patients with chronic or recurrent HK on RAASi therapy:
• RAASi should be optimized when K+ levels are <5.0 mmol/L
• An approved K+ lowering agenta may be initiated as soon as K+ levels are confirmed as >5.0 mmol/L
• Closely monitor K+ levels 
• Maintain K+ lowering treatment unless alternative treatable etiology for HK is identified 

Guidance
On Target 

RAASi DosebK+ Level

• Initiate/up-titrate RAASi therapy to optimal doses
• Closely monitor K+ levels

No4.5 to 5.0 mmol/L

• Should initiate treatment with a K+ lowering agenta

• Closely monitor K+ levels and maintain K+ lowering agenta

• If K+ <5.0 mmol/L are detected, up-titrate RAASi therapy
No

>5.0 to ≤6.5 mmol/L

• May initiate treatment with a K+ lowering agent 
• Closely monitor K+ levels and maintain K+ lowering agenta

Yes

• Discontinue/reduce RAASi therapy
• May initiate treatment with a K+ lowering agenta

• Closely monitor K+
Yes or No>6.5 mmol/L

2021 ESC GUIDELINES FOR THE DIAGNOSIS AND 
TREATMENT OF ACUTE AND CHRONIC HEART FAILURE1

LOECORRecommendation

B-R2b

In patients with HF who experience HK 
(serum K+ ≥5.5 mmol/L) while taking a RAASi,c

the effectiveness of K+ bindersa to improve 
outcomes by facilitating continuation of 
RAASi therapy is uncertain

PATIROMER and SZC have been shown 
to lower K+ levels and enable treatment 
with a RAASic in patients with HF





THM
• 20-40% dei casi HF potrebbero porre il tema RAASi-IperK+;
• 20-40% dei pz trattati  potrebbero presentare IperK+;
• La rimodulazione dose RAASi (non necessariamente la 

sospensione) può essere sufficiente in molti casi;
• La rivalutazione dinamica della funzione renale;
• Contenuto K+ nella dieta…;
• K+ binders, che ovviamente approcciano solo il tema K+, non il 

peggioramento  GFR che spesso è a monte;
• RAASi protettivi …..
• SGLT2i, protettivi e permissivi …..
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