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Bicarbonate concentrations and potassium-lowering effect
in chronic haemodialysis

Heguilen, NDT 2005
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Normal K+ and Ca++

Hyperkalemia and Hypercalcemia

Hypocalcemia and Hypokalemia

Effect of electrolytes on myocardial action potential







Hypokalemia

QT interval prolungation and ventricular fibrillation



QT interval and HD bath composition

Genovesi Europace 2008
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Electrolyte concentration during haemodialysis and QT
interval prolongation in uraemic patients



QTc interval duration and bicarbonate concentration in dialysate

Di Iorio, JNEP 2012



A severe prolongation of ventricular repolarisation time  can cause 
early after-depolarizations that may “trigger” tachy-arrhythmias

EAD



Potassium dialysate concentration and 
intra-dialytic sudden cardiac arrest

Pun, Kidney International 2011











Causes of death among dialysis patients 
(2011 to 2013)



Association between dialysate potassium and clinical outcomes, 
according to pre-dialysis serum potassium values

Jadoul CJASN 2012



Association of treatment practices with sudden death

Jadoul CJASN 2012



Association between dialysate potassium and clinical outcomes

Karaboyas, AJKD 2016



Associations between predialysis serum potassium and 
clinical outcomes

Karaboyas, AJKD 2016



Dialysate potassium and mortality in a prospective hemodialysis cohort

Ferrey, Am J Nephrol 2018



Serum-to-dialysate potassium gradient and short-term outcomes in 
hemodialysis patients

Brunelli, NDT 2018



Hyperkalaemia prevalence and dialysis
patterns in Chinese patients on haemodialysis

Zhaohui, BMC Nephrology 2023



Serum potassium and mortality in hemodialysis patients

Kovesdy, CJASN 2007



Sudden death and associated factors in a historical
cohort of chronic haemodialysis patients

Genovesi, NDT 2009

Risk of sudden death 
was independently 
associated with

• atrial fibrillation
• diabetes mellitus
• predialytic

hyperkalemia



Wan ANE 2014



Wong, Heart Rhythm 2016
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Implantable loop recorder and arrhythmias
in hemodialysis patients

Four SDs occurred, with progressive bradycardia followed
by asystole. 

A higher risk for conduction disorder was associated with 
plasma potassium >5.0 mmol/l and  the longer interdialytic
period

A higher risk for ventricular arrhythmia was associated with 
potassium <4.0 mmol/l

Sacher, JACC Electrophysiol 2017



Loop recorders in hemodialysis patients

All arrhythmias

Bradyarrhythmias

Roy-Chaudury, KI 2018



Serum potassium and clinical outcomes among hemodialysis patients: 
impact of the long interval

Brunelli, AJKD 2017



Prevalence of hyperkalemia is higher after the long 
interdialytic interval
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Sudden cardiac death in ESRD patients: causes and management 
strategies: 

EUDIAL position paper

Genovesi, Nephrology Dialysis Transplantation 2021
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Ipopotassiemia

Iperpotassemia

Fibrillazione 
ventricolare

Asistolia



Associations of reported dietary potassium intake and 
serum potassium in hemodialysis patients

Noori AJKD 2010



Hyperkalemia and seasonality in HD patients

Rossignol NDT 2017



Potassium-lowering drugs

Exchange     Exchange Exchange
K/Na K/Ca K/Na and H

Lokelma



Risk of hospedalization for gastrointestinal events
associated with SPS use

Noel JAMA Int Med 2019



Elevated K+ is associated with dose reduction or discontinuation of RAASi
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• OPAL Weir NEJM 20152

GFR 15-59; K+ 5.1-6.4; RAASi; 42-49% HF 
8w randomized withdrawal  60% v 15% 
recurrence

• PEARL-HF EHJ 2011; n=1053

HF + ([K+ requiring d/c RAASi] or [eGFR<60]) 
4w  normoK in 24% v 7%; prevent recurrence

Evidence about Patiromer enabling RAASi

• AMBER LANCET 2019; n=2954

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

P<0.0001

Primary Endpoint: Patients Who Remained on 
Spironolactone at Week 12

86%

66%
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K+ levels increased 
in patients not 
continuing on SZC
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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



DIALIZE Trial
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Associations of serum and dialysate potassium concentrations with 
incident atrial fibrillation in hemodialysis patients

Hu, KI Reports 2023
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