
Activity Overview 
This session will provide expert guidance across the totality of the hyperkalemia management paradigm, starting with a review of 
the calculus as a whole, then focusing specifically on acute care settings, with emphasis on emerging clinical trial evidence and 
practical pearls for implementing novel potassium binders into hospital-based care. 

Target Audience 
This educational initiative is targeted to primary care physicians/hospitalists/internists, emergency medicine physicians, 
nephrologists, cardiologists, and the interprofessional team of nurses, nurse practitioners, physician assistants, and pharmacists. 

Faculty 
Katherine E. Di Palo, PharmD, FAHA, FHFSA, BCACP, BCGP 
Clinical Program Manager 
Hospital Readmissions Reduction Program 
Montefiore Medical Center 
Assistant Professor of Medicine 
Albert Einstein College of Medicine 
New York, New York 

Agenda 

5 mins Conversations with the Experts: Audience Q&A/Post-test 

Learning Objectives 
• Appraise key mechanisms of potassium homeostasis and review patient-centric risk factors for hyperkalemia.
• Discuss the prevalence and clinical gravity of hyperkalemia, with emphasis on acute care challenges and the

morbidity/mortality impact of suboptimal renin-angiotensin-aldosterone system inhibitor (RAASi) utilization in the chronic
setting.

• Evaluate novel K+ binder (patiromer and sodium zirconium cyclosilicate [SZC]) pharmacology, safety and efficacy
profiles, and differential clinical utility across the hyperkalemia treatment continuum.

• Examine evolving clinical trial data in support of patiromer and SZC for hyperkalemia management, with a particular
focus on usage in acute care and in-hospital settings.

• Use a case-based approach to design treatment strategies using novel K+ binders that the interprofessional care team
can employ to improve hyperkalemia outcomes in the hospital

Accreditation 
In support of improving patient care, Creative Educational Concepts is jointly accredited by the Accreditation Council for 
Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses 
Credentialing Center (ANCC), to provide continuing education for the healthcare team. 

This activity was planned by and for the healthcare team, and learners will receive 1 hour of Interprofessional Continuing 
Education (IPCE) credit for learning and change. 

5 mins Welcome and Introductions/Pre-test 
10 mins Elemental Foundations: An Overview of Hyperkalemia Pathophysiology, Risk Factors, and the Clinical Impact of K+ 
25 mins Emerging Evidence, Evolving Paradigm: The Expanding Role of Novel K+ Binders in the Acute Care Setting 
15 mins Managing Hyperkalemia in the Hospital: Interprofessional Approaches to Outcomes Optimization with Novel Agents 
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Disclaimer

• This slide deck in its original and unaltered format is for educational purposes and is current as 
of the date of this presentation. All materials contained herein reflect the views of the faculty 
and not those of Creative Educational Concepts LLC or the commercial supporter(s). 

• Participants have an implied responsibility to use the newly acquired information to enhance 
patient outcomes and their own professional development. The information presented in this 
activity is not meant to serve as a guideline for specific patient management. 

• Any procedures, medications, or other courses of diagnosis or treatment discussed or suggested 
in this activity should not be used by clinicians without evaluation of their patient’s conditions 
and possible contraindications on dangers in use, review of any applicable manufacturer’s 
product information, and comparison with recommendations of other authorities. 

• Usage rights. This slide deck is provided for educational purposes and individual slides may be 
used for personal, non-commercial presentations only if the content and references remain 
unchanged. No part of this slide deck may be published or distributed in print or electronic 
format without prior written permission from Creative Educational Concepts LLC. Additional 
terms and conditions may apply. 
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• Common electrolyte 
abnormality with potentially 
life-threatening consequences

• Defined as elevated serum 
potassium (K+)

• The upper limit of normal 
(ULN) for serum K+ varies 
across guidelines and 
publications

Hyperkalemia Definition 

Einhorn LM et al. Arch Intern Med. 2009; Clase et al. Kidney int. 2020.
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• Hyperkalemia is often categorized by severity and classified as
• Chronic—requiring ongoing maintenance therapy

• Acute—not known to be chronic

• No consensus on frequency, severity, or duration of episodes that 
describe chronicity

Hyperkalemia Definition

Palmer BF, et al. Mayo Clin Proc. 2021.
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Prevalence of Hyperkalemia

Hollander-Rodriguez JC, Calvert JF Jr. Am Fam Physician. 2006; Thomsen J, et al. J Am Heart Assoc. 2018; 
Reardon LC, Macpherson DS. Arch Intern Med. 1998; Weir MR, Rolfe M. Clin J Am Soc Nephrol. 2010.

• Rate depends on definition, location, comorbidity, and 
acute vs chronic

Hospital 
Setting

• ~10%

Heart Failure

• 39%

CKD

• 5%–50% 
depending 
on stage

RAAS 
Inhibition

• ~10%

• Cross-sectional in a “low-clearance clinic”

• Population: 238 patients, eGFR = 14.5 
mL/min/1.73m2

• Higher K associated with lower GFR, lower 
HCO3, use of HCO3, and diet potassium 
education 

• Conclusions: prevalence of hyperkalemia 
in pre-dialysis patients with CKD is high

Prevalence of Hyperkalemia in Pre-dialysis CKD 
Patients 

Sarafidis PA, et al. Clin J Am Soc Nephrol. 2012.

<3.5 3.5–5.0 >5.0–<5.5 ≥5.5–<6 ≥6

19

20



4

• Patients may be asymptomatic or have 
nonspecific symptoms including
• Nausea, vomiting, diarrhea

• Chest pain

• Dyspnea

• Muscle weakness

• Fatigue

• ECG reflects electrophysiologic relevance
• Not sensitive enough to use as a diagnostic tool

• Little observable correlation between K+ 
levels and ECG results

Signs and Symptoms of Hyperkalemia

Fishbane S, et al. J Am Soc Nephrol. 2019; De Nicola, et al. J Nephrol. 2018.

Risk Factors for Hyperkalemia

Diabetes Chronic 
Kidney 
Disease

Heart Failure
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Hyperkalemia Increases Risk of Mortality, Cardiovascular 
Morbidity, Progression of CKD, and Hospitalization

Adjusted Mortality According to Potassium and Comorbid Conditions

Collins AJ, et al. Am J Nephrol. 2017.

Spline analysis adjusted for covariates showing serum potassium as a continuous variable with all cause mortality in 
heart failure (HF), chronic kidney disease (CKD), diabetes mellitus (DM), and combined vs control group. 

Homeostatic Mechanisms Controlling 
Potassium Concentrations

Bansal S, Pergola PE. Kidney Int Rep. 2020.
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Causes of Hyperkalemia

NKF K/DOQI website. Guideline 11: Use of Angiotensin-Converting Enzyme Inhibitors and Angiotensin Receptor Blockers in CKD.

Mechanism Causes*

Increased K+ load

• Dietary intake

• Drug-induced: potassium supplements, herbal supplements, packed 
RBC infusions

Altered K+ distribution

• Metabolic: acidosis, hyperglycemia (in diabetes)

• Drug-induced: insulin antagonists, hypertonic solutions, digoxin, β-
blockers

Reduced K+ excretion

• Metabolic: hyporeninemic, hypoaldosteronism, oliguria

• Drug-induced: potassium-sparing diuretics, cyclosporine, tacrolimus, 
pentamidine, trimethoprim, lithium

Impaired renin-aldosterone function
• Drug-induced: ACEIs, ARBs, ARNIs, MRAs, β-blockers, heparin, 

NSAIDs, COX-2 inhibitors

Reduced GFR/hypovolemia
• Metabolic: acidosis, HF, dehydration

• Drug-induced: antihypertensives, diuretics

Laboratory error
• Hemolyzed RBCs, inappropriate sample handling, erroneous 

reporting, equipment malfunction

*Not all-inclusive table

Balancing the Benefits 
of RAASi Use with Hyperkalemia Risks

Epstein M, et al. Am J Manag Care. 2015;
Heidenreich P, et al. Circulation. 2022; KDIGO 2020 Clinical Practice 

Guideline for Diabetes Management in CKD.

• Hyperkalemia limits use in clinical 
practice

• Suboptimal dosing or discontinuation 
is associated with adverse outcomes 
and mortality in CKD, DM, and HF

• Evidence-based and recommended in 
guidelines (ACCF/AHA/HFSA, KDIGO)

• Reduce morbidity and mortality in HF

• Slow progression of CKD in patients 
with diabetic nephropathy
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Changes to RAAS inhibitor therapy
• Discontinued (due to tolerability): 14%–16% of patients
• Discontinued after hyperkalemia event: 22%–27% of patients 
• Down-titrated after hyperkalemia event: 16%–21% of patients

Cardiorenal adverse event OR mortality 
occurred in 34.3% of patients who 

discontinued, mortality in 11%

RAAS inhibitor discontinuation and sub-maximum dose
increased risk of cardiorenal adverse events and mortality

Epstein M, et al. Am J Manag Care. 2015.

12-month follow-up of patients (≥5 years or older) who received RAAS 
inhibitor prescription (N=205,108; 1.7 million patient records)

Changes to RAASi Therapy 
in Real-world Clinical Practice and Impact on Outcomes

Nearly half of patients on maximum dose RAAS inhibitor 
had therapy down-titrated or discontinued after a 

hyperkalemia event

Epstein M et al. Am J Manag Care. 2015.

Mild Hyperkalemia
K+ 5.1 to 5.4 mEq/L

(23,556 Events)

Moderate to Severe Hyperkalemia
K+ ≥ 5.5 mEq/L
(11,608 Events)

Maintained dose, % 52 41

Downtitrated, % 16 21

Discontinued, % 22 26
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• Aging reduces eGFR and renin levels

• Comorbidities (CKD, DM, HF) place patients at high risk of 
hyperkalemia

• Comorbidities require therapy (RAAS inhibitors) that increases risk 
of hyperkalemia
• Discontinuing therapy places patients at risk of events (e.g., CV events, 

progression of CKD)

• Comorbidities rarely are cured (currently)
• Lifelong struggle with lifestyle, medications, and adverse drug events

Hyperkalemia Is a Complex 
Clinical Challenge

Yoon HE, et al. Korean J Intern Med. 2014.

Management of Chronic Hyperkalemia

Palmer BF, et al. Mayo Clin Proc. 2021.

Dietary 
potassium 
counseling

Avoid salt substitutes

Manage 
RAASi 

therapy

Reinitiate and titrate to 
optimal dose after K+ 
stabilizes

Effective 
diuretic 
therapy

Thiazide or loop with 
eGFR <30 mL/min

Consider 
potassium 

binders

May facilitate RAASi dose 
optimization

• Monitor

• K+ 3–4 times/year

• Comorbidities

• Medications (OTCs, NSAIDs, 
herbal supplements)

• Educate

• Healthcare professionals

• Patients

• Multidisciplinary care

• Nurses

• Pharmacists

• Nutritionists
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• Recommendation
• Less than 2,400 mg/day of potassium recommended in patients with stage 

3 or higher CKD

• Patients at risk of hyperkalemia should receive comprehensive dietary 
education

• Challenges
• Implementation and adherence

• Restricts consumption of healthy foods (DASH diet)

Dietary Potassium Counseling

Pitt B, Bakris GL. Hypertension. 2015.

Health benefits of high-K+ diet

Palmer BF, Clegg DJ. Mayo Cli Proc. 2016

• Decreased blood pressure

• Effect greater in Blacks and in the 
setting of high-Na+ intake

• Mechanism

• Increased urinary Na+ excretion

• Decreased adrenergic outflow

• Direct effect of K+ on vascular tone

• Decreased risk of stroke

• Related to improved blood pressure

• Blood pressure—independent effects

• Favorable effect on bone health

• Alkali load in a diet

• Direct effect of K+

• Decreased risk of nephrolithiasis

• Alkali load

• Effect of K+ in the distal convoluted 
tubule to decrease Ca2+ excretion

• Benefits in patients with CKD

• Decreased gastrointestinal absorption of 
phosphate with plant protein compared 
with animal protein

• Better control of metabolic acidosis
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Potassium Is a Common Ingredient 
in Many Foods

http://www.kidney.org/atoz/content/potassium.

Foods That Are High in Potassium (greater than 200 mg per portion)*

Fruits Vegetables Other Foods

Apricot, raw (2 medium), dried (5 halves)

Avocado (¼ whole)

Banana (½ whole)

Cantaloupe

Dates (5 whole)

Dried figs

Dried fruits

Grapefruit juice

Honeydew

Kiwi (1 medium)

Mango (1 medium)

Nectarine (1 medium)

Orange (1 medium)

Orange juice

Acorn squash

Artichoke

Bamboo shoots

Baked beans

Butternut squash

Beets, fresh then boiled

Black beans

Broccoli, cooked

Brussels sprouts

Chinese cabbage

Carrots, raw

Dried beans and peas

Greens, except kale

Refried beans

Bran/bran products

Chocolate (1.5–2 ounces)

Granola

Milk, all types (1 cup)

Molasses (1 tablespoon)

Nutritional supplements

Nuts and seeds (1 ounce)

Peanut butter (2 tablespoons)

Salt substitutes/Lite Salt

Salt-free broth

Yogurt

*not all-inclusive list 

Importance of Potassium Monitoring

Nunez J, et al. Circulation. 2018.

• Potassium levels can fluctuate based on 
patient risk factors and with fasting/meals

• Readings can differ between clinic and 
emergency department (ED)

• Recheck abnormal K+ levels i-STAT and 
understand patient's pattern of K+ 
fluctuations

• A single-center study in patients with HF 
checked potassium at discharge, routine 
clinical visits, and hospitalizations, and found 
that potassium normalization from 
hypokalemia/hyperkalemia was 
independently associated with lower 
mortality risk 

Long-term monitoring and control can 
reduce potassium-related mortality.

Adjusted Survival Probabilities Associated 
with Changes in Potassium Category
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Guideline Recommendations on RAASi 
Management Based on Potassium Level

Yancy CW, et al. Circulation. 2017; Lindenfeld J, et al. J Card Fail. 2010; Ponikowski P, et al. Eur J Heart Fail. 2016; https://www.nice.org.uk/.

ESC HF
Reduce MRA dose 50%

Serum Potassium Threshold, mEq/L

>6.0>5.5>5.0

ESC HF, NICE
Stop RAASi if ≥6.0 

and carefully reintroduce

ACC/AHA/HFSA
Use caution starting 

RAASi if >5.0; 
do not start MRA 

ESC HF 
Use caution with 

RAASi or MRA if >5.0

NICE
Do not start 

RAAS inhibitor if >5.0

Considerations 
for Outpatient Management

Ensure access

• Dose changes of RAASi therapy may require 
new prescriptions

• Novel potassium binders may require prior 
authorization

Monitor

• Potassium

• Blood pressure

• Creatinine

Evaluate
• Volume status

• Diet adherence 
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Potassium Binders

FDA Prescribing Information.

Sodium polystyrene sulfonate (SPS)
Patiromer

Sodium zirconium cyclosilicate (SZC)

• Approval studies included patients with CKD, HF, 
DM, and on RAAS inhibition

• Onset within hours 

• Potassium reduction of ~0.7–1.1 mEq/L at 48 
hours

• Long-term use demonstrating safety and efficacy 
at 52 weeks

• Rebound hyperkalemia when stopped

• Approved before era of evidence-based 
medicine

• Unknown onset (presumed 7–10 hours)

• Time to normokalaemia undetermined

• Potential for serious adverse drug events

Concerns Regarding SPS

Watson MS, et al. Am J Kidney Dis. 2012; Noel JA, et al. JAMA Intern Med. 2019.

FDA Safety Alert 2009

• Colonic necrosis and other serious 
gastrointestinal adverse events have 
been reported when SPS is used with 
sorbitol

• Concomitant administration with 
sorbitol is not recommended

• Caution is advised when administered 
to patients who cannot tolerate even 
a small increase in sodium loads (i.e., 
severe congestive heart failure, severe 
hypertension, or marked edema)

• Separate by at least 3 hours to avoid 
drug-drug interactions

Probability of GI Events

• Population-based, retrospective 
matched cohort study of older adults 
(≥66 years) dispensed SPS in 
outpatient setting

• SPS associated with higher risk of ED 
visit or hospitalization for GI adverse 
drug event (intestinal ischemia/ 
thrombosis, ulceration) compared 
with non-use over 30 days
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Patiromer Sorbitex Calcium

FDA Prescribing Information.

• Primary effect in colon
• K+ binding in exchange for Ca++

• Onset of action: 7 hours
• Available as powder packets

• Must be refrigerated, stable for 3 months 
at room temperature

• Starting dose 8.4 g once daily
• Titrate weekly

• Adverse drug events
• Constipation 7.2%

• Hypomagnesemia 5.3%

• Diarrhea 4.8%

• Powder for suspension
• Mix with water, juice, or 

soft foods (e.g., pudding, 
applesauce, and yogurt)

• Separate administration 
of other medications by 
3 hours to avoid drug-
drug interactions

• May be taken with or 
without food

Administration

Sodium Zirconium Cyclosilicate
• Traps potassium throughout intestine

• Exchanges Na+ and H+ for K+

• Onset of action: 1 hour
• Starting dose 10 g three times daily for 

up to 48 hours
• Maintenance dose 5 g every other day to 

15 g per day

• Dialysis dose 5–15 g once daily on non-
dialysis days

• Titrate weekly

• Adverse drug events
• Dose-dependent edema 4.4%–16.1%

• Hypokalemia 4.1%

• Powder for suspension
• Mix with water
• Separate 

administration of other 
medications by 2 hours 
to avoid drug-drug 
interactions

• May be taken with or 
without food

Administration

FDA Prescribing Information.
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Onset Studies

Kosiborod M, et al. JAMA. 2014; Bushinsky DA, et al. Kidney Int. 2015.

1 h: 0.2 mEq/L K+ decline

2 h: 0.4 mEq/L K+ decline

4 h: 0.5 mEq/L K+ decline

• Included 258 patients
• 66% CKD, 36% HF, 66% DM, and 70% on RAASi

• K+ declined from 5.6 mEq/L at baseline to 
4.5 mEq/L at 48 hours

Sodium zirconium cyclosilicate
HARMONIZE

Patiromer

• Included 25 patients
• 100% CKD, 28% HF, 60% DM and 100% on RAASi

• K+ declined from 5.9 mEq/L at baseline to 
5.1 mEq/L at 48 hours

Long-term Efficacy Studies

Spinowitz BS, et al. Clin J Am Soc Nephrol. 2019; Bakris GL, et al. JAMA. 2015.

• Included 746 patients (65% CKD, 15% HF, 
64% DM, and 65% on RAAsi)

• During months 3–12, 88% of patients had 
mean serum potassium values of ≤5.1 
mEq/L

Sodium zirconium cyclosilicate
HARMONIZE extension

Patiromer
AMETHYST-DN

• Included 304 patients with T2D receiving 
RAASi (+/- CKD or HF)

• Target range (3.8–5.0 mEq/L) maintained 
through week 52 in 83%–92% of patients 
with mild HK and 77%–95% of patients with 
moderate HK
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ESKD Study

Fishbane S, et al. J Am Soc Nephrol. 2019.

• Included 196 patients with dialysis-dependent ESKD and pre-dialysis hyperkalemia

• 41.2% of patients maintained pre-dialysis K+ of 4.0–5.0 mEq/L and did not require urgent rescue 
therapy

Sodium zirconium cyclosilicate
DIALIZE

Heart Failure Studies

• Included 155 patients with chronic HF and 
either eGFR <60 mL/min or history of 
hyperkalemia resulting in discontinuation of 
RAASi

• 91% of patients able to uptitrate 
spironolactone with patiromer compared to 
74%

Patiromer
PEARL-HF

Patiromer
DIAMOND

• Included 878 patients with HFrEF and 
history of hyperkalemia

• Fewer patients with K+ events >5.5 mEq/L 
and MRA reduction in patiromer group

• 85% of participants optimized on GDMT 
doses of RAASi with use of patiromer

4.1

4.3

4.5

4.7

4.9

5.1

0 7 14 21 28

L
S

 M
e

a
n
 S

e
ru

m
 K

+

(m
E

q
/L

)

Study Day

Placebo

Spironolactone initiated 
at 25 mg/day on Day 1

Spironolactone increased to 
50mg/day on Day 15

Pitt B, et al. Eur Heart J. 2011; Butler J, et al. Eur J Heart Fail. 2022.
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Hyperkalemia is a driver of 
health care utilization

Dashputre AA et al. J Manag Care Spec Pharm. 2021; Mu F et al. Curr Med Res Opin. 2020.

• In a recent analysis of over 100,000 patients with advanced CKD, hyperkalemia 
was associated with higher risk of emergency department and hospital visits

• Hyperkalemia is also associated with higher 30-day and 1-year costs

• Patiromer and sodium zirconium cyclosilicate studied in patients with 
chronic hyperkalemia and risk factors for hyperkalemia (HF, CKD, DM, 
and RAASi usage)

• Effective in treating hyperkalemia in ambulatory setting 

• Well tolerated

• Safety and efficacy data for up to 1 year

• Drug-drug interaction issues “manageable”

• Hypokalemia is uncommon

• Rebound hyperkalemia when stopped

• What about acute hyperkalemia?

Chronic Hyperkalemia Summary

FDA Prescribing Information.
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A 65-year-old female with diabetic nephropathy and hypertension 
presents to the ED after receiving a call from her primary care 
provider stating her potassium was too high after starting an ACE 
inhibitor.

Her current medications include metformin 1,000 mg twice a day, 
lisinopril 20 mg daily, amlodipine 5 mg daily, empagliflozin 10 mg 
daily, and aspirin 81 mg daily.

Lab results reveal her K+ is 5.8 mEq/L and Cr is 1.7 mg/dL.

Patient Case 1

Treatment of Acute Hyperkalemia

Palmer BF, et al. Mayo Clin Proc. 2021.

Goal: prevent or minimize electrophysiologic effects on heart to reduce immediate risk of arrythmias 

Membrane 
stabilizer

• Calcium

Potassium 
shifters

• Insulin + 
glucose

•β2-agonists

• Sodium 
bicarbonate

Potassium 
removers

• Diuretics

• Potassium 
binders

• Hemodialysis
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Real-world Treatment of Hyperkalemia
in the ED Is Highly Variable

Fishbane S, et al. J Am Soc Nephrol. 2019.

• Real-world observation study across 14 EDs to determine treatment patterns

• Included 203 patients with K+ ≥5.5 mEq/L

• Authors found no standard, universally-accepted treatment protocol

• Complex and diverse practice patterns were observed

REVEAL-ED

• Treatment is not physiologic
• Major and rapid fluctuations in K+ can occur during every HD treatment

• Potentially combined with other exacerbating conditions, such as LVH, 
hypomagnesemia, hypocalcemia, and alkalemia

• Proper prescription is not always used in chronic outpatient HD
• K+ measured once a month

• Changes in K+ may occur day-to-day

Challenges of Correcting Hyperkalemia 
with Dialysis

Kovesdy CP. Nephrol Dial Transplant. 2019.
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Novel Potassium Binder Use in the ED

Peacock WF, et al. Acad Emerg Med. 2020; Rafique Z, et al. Acad Emerg Med. 2020.

• Included 70 patients with K+ ≥5.8 mEq/L 
randomized to SZC (+ insulin/glucose) or 
placebo (insulin/glucose)

• Authors found similar reduction at 1 hour, 
suggesting that potassium-lowering effect 
of background insulin/glucose is dominant

Sodium zirconium cyclosilicate
ENERGIZE

Patiromer
REDUCE

• Included 30 patients with K+ ≥6.0 mEq/L 
and compared single 25.2 g patiromer dose 
to standard of care

• Authors found significant reduction within 2 
hours and no difference at 6 hours

KDIGO Recommendations 
for Acute Hyperkalemia 
Management in the ED

Lidner G, et al. Eur J Emerg Med. 2020.

• SPS or SZC recommended; however, 
guidance acknowledges limited data 
on onset of action with no head-to-
head studies
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Expert Panel Consensus for Acute Hyperkalemia Management in the ED

Rafique Z, et al. J Am Coll Emerg Physicians Open. 2021.

Patiromer or SZC 
preferred because of 

safety and efficacy

Treatment Options‡

K <6: consider insulin/dextrose + albuterol ±
oral binders ± furosemide/fluids*

K = 6–6.5: administer insulin/dextrose + 
albuterol ± oral binders ± furosemide/fluids*; 
consider urgent hemodialysis

K >6.5: administer insulin/dextrose + albuterol 
± oral binders ± furosemide/fluids*; arrange 
for immediate hemodialysis

‡Consider bicarbonate for metabolic acidosis.
*Loop diuretics: use when eGFR ≥45; fluids: when 
eGFR ≥45 and patient does not have CHF.

New ECG Changes?

• Arrhythmia (bradycardia, non-sinus 
tachycardia, junctional rhythm)

• Prolonged intervals (PR or QRS)

• Diminished P wave amplitude, ST or T wave 
changes (elevation, depression, peaked T)

Administer Calcium

• Repeat ECG in 5 minutes

• If ECG changes persist, may 
repeat calcium gluconate × 2

History Consistent with Hyperkalemia?

• History of DM, CHF, CKD, OR

• Labs showing acidosis or elevated Cr (signs 
of renal failure) OR 

• Patient on medications known to cause 
hyperkalemia

Repeat K Testing

Consider spurious 
and pseudo-HK

K >5.5 mEq/L EXIT

Disposition

Admit:

1. HK with unstable vitals

2. New onset HK

Discharge (consider):

1. Chronic HK with

• Stable vitals and ECG AND

• K eliminated with binder or diuretics AND

• Close follow up AND

• Risk/benefit of discontinuing discussed

Recommended Doses for Acute Care Settings

Calcium gluconate: 1 g; calcium chloride: 1 ampule

Insulin (regular)/dextrose: 5 units (insulin naïve or CKD); 
10 units (not naïve)/D50—2 amps
Repeat POC glucose in 30 minutes and every 1 hour
Albuterol: 10 mg nebulizer over 15 minutes

Loop diuretics: adjust for GFR
Bumetanide dose: 1–2 mg IV once
Furosemide dose: 20–80 mg IV once
Torsemide dose: 10–40 mg IV once

Oral binders: use with a functional GI tract
Sodium zirconium cyclosilicate: 10–30 g
Patiromer: 8.4–25.2 g
SPS sodium polystyrene sulfonate: 30 g
(newer binders preferred because of safety and efficacy)

Consider Emergent 
Hemodialysis

Reassessment

K <6 mEq/L ?

Yes

No

No

Yes
Yes

Yes

No

No

Management Algorithm for Hyperkalemia
(K >5.5 mEq/L)

After 2–4 
hours

A 72-year-old male with HFrEF (EF 25%), ASCVD, CKD stage 3a, and 
depression, develops hyperkalemia during hospitalization for acute 
decompensated heart failure.

Current medications include sacubitril/valsartan 49/51 mg twice 
daily (dose increased during admission), spironolactone 25 mg 
daily (started during admission), metoprolol succinate 100 mg 
daily, dapagliflozin 10 mg daily, sertraline 50 mg daily, and 
torsemide 50 mg daily.

Lab results reveal K+ 5.4 mEq/L, Cr 1.5 mg/dL, and NT-proBNP 
3,500 pg/L.

Patient Case 2
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Assessment of Patiromer for Hyperkalemia 
in an Acute Care Setting

Di Palo KE, et al. JAMA Netw Open. 2022.

• Cohort study of 881 encounters of a 
single dose of patiromer for 
hyperkalemia (K+ ≥5.0 mEq/L) in an 
acute care setting

• Included patients with HFrEF

• Mean potassium reduction of 0.5 mEq/L 
at 5 hours with mean lab draw time of 
2.9 hours

• No additional doses of a potassium 
binder needed in 82.3% of encounters

Effectiveness of SPS for Short-term 
Treatment of Hyperkalemia

Batterink J, et al. Can J Hosp Pharm. 2015.

• Retrospective study of 138 patients 
with K+ between 5.0 and 5.9 mmol/L 
comparing a single dose of SPS to no 
treatment during hospital stay

• SPS reduced K+ by 0.14 mmol/L more 
than control
• Clinical relevance is unclear

• Toxicity profile suggests that routine use in 
mild hyperkalemia is likely unwarranted

• No difference in potassium reduction 
between low-dose and high-dose SPS
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A 72-year-old male with HFrEF (EF 25%), ASCVD, CKD stage 3a, and 
depression develops hyperkalemia during hospitalization for acute 
decompensated heart failure.

Current medications include sacubitril/valsartan 49/51 mg twice daily 
(dose increased during admission), spironolactone 25 mg daily 
(started during admission), metoprolol succinate 100 mg daily, 
dapagliflozin 10 mg daily, sertraline 50 mg daily and torsemide 50 mg 
daily.

Repeat lab results on day of discharge now reveal K+ 5.0 mEq/L after 
1 dose of patiromer. Episodes of hyperkalemia prior to admission 
documented in EHR.

Patient Case 2 (…continued)

Potassium Binder Initiation Based 
on Serum Potassium Level

Ferreira JP, et al. J Am Coll Cardiol. 2020.

Serum Potassium (mEq/L)
>6.05.6–6.05.1–5.5

Reassess K+ level after 
1 week; if high, add K+

binder

Reassess K+ level after 
1 week; if high, add K+

binder

Maintain GDMT

Consider K+ binder between 
5.1 and 5.5 if follow-up/ 

RAASi dose compromise is a 
concern

Generally, do not reduce 
ACEi/ARB/ARNi

Adapt MRA dose if necessary

Reduce 
ACEi/ARB/ARNi

Reduce MRA dose
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2022 ACC/AHA/HFSA Guidelines

• Patiromer and sodium zirconium cyclosilicate have been 
shown to lower potassium levels and enable treatment 
with a RAASi in patients with HF who experience 
hyperkalemia (K+ ≥5.5 mEq/L)

• Improvement in clinical outcomes is uncertain and 
currently under investigation (2b recommendation)

Guideline Recommendations 
in Patients with Heart Failure

Heidenreich PA, et al. J Am Coll Cardiol. 2022.

Considerations 
for Inpatient Management

Assess
• Intake and output

• Daily weight

Monitor • Adverse drug events

Follow-up • Post discharge appointment
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• No clear recommendations for ED, inpatient, or transitional 
care management

• High variability in clinical practice 

• Novel potassium binders not approved for life-threatening 
hyperkalemia

• Emerging role for novel binders as monotherapy and/or 
adjunct therapy in acute care settings
• However, additional studies are warranted

Acute Hyperkalemia Summary

• Acute and chronic hyperkalemia are complex clinical challenges that require a 
multidisciplinary process

• Communication is crucial

• Between acute and ambulatory settings

• Between team members

• Between nurses and patients

• Education is key

• Low-potassium diet

• Consider patient preferences and dietary influences

• Offer options for real-life scenarios

• Novel potassium binders

• Proper administration

• Adherence to prevent rebound hyperkalemia

Key Take-home Points

64

65



25

73



 

 

Bibliography and Suggested Reading 
Bakris GL, Pitt B, Weir MR, et al. Effect of patiromer on serum potassium level in patients with hyperkalemia and diabetic kidney 

disease: the AMETHYST-DN randomized clinical trial. JAMA. 2015;314(2):151–161.  
Bansal S, Pergola PE. Current management of hyperkalemia in patients on dialysis. Kidney Int Rep. 2020;5(6):779–789.  
Batterink J, Lin J, Au-Yeung SH, Cessford T. Effectiveness of sodium polystyrene sulfonate for short-term treatment of hyperkalemia. 

Can J Hosp Pharm. 2015;68(4):296–303.  
Clase CM, Carrero JJ, Ellison DH, et al. Potassium homeostasis and management of dyskalemia in kidney diseases: conclusions from a 

Kidney Disease: Improving Global Outcomes (KDIGO) controversies conference. Kidney Int. 2020;97(1):42–61.  
Collins AJ, Pitt B, Reaven N, et al. Association of serum potassium with all-cause mortality in patients with and without heart failure, 

chronic kidney disease, and/or diabetes. Am J Nephrol. 2017;46(3):213–221.  
Dashputre AA, Gatwood J, Sumida K, et al. Association of dyskalemias with short-term health care utilization in patients with 

advanced CKD. J Manag Care Spec Pharm. 2021;27(10):1403–1415.  
De Nicola L, Di Lullo L, Paoletti E, et al. Chronic hyperkalemia in non-dialysis CKD: controversial issues in nephrology practice. J 

Nephrol. 2018;31(5):653–664.  
Di Palo KE, Sinnett MJ, Goriacko P. Assessment of patiromer monotherapy for hyperkalemia in an acute care setting. JAMA Netw 

Open. 2022;5(1):e2145236.  
Einhorn LM, Zhan M, Hsu VD, et al. The frequency of hyperkalemia and its significance in chronic kidney disease. Arch Intern Med. 

2009;169(12):1156–1162.  
Epstein M, Reaven NL, Funk SE, et al. Evaluation of the treatment gap between clinical guidelines and the utilization of renin-

angiotensin-aldosterone system inhibitors. Am J Manag Care. 2015;21(11 Suppl):S212–S220.  
Ferreira JP, Butler J, Rossignol P, et al. Abnormalities of potassium in heart failure: JACC state-of-the-art review. J Am Coll Cardiol. 

2020;75(22):2836–2850.  
Fishbane S, Ford M, Fukagawa M, et al. A phase 3b, randomized, double-blind, placebo-controlled study of sodium zirconium 

cyclosilicate for reducing the incidence of predialysis hyperkalemia. J Am Soc Nephrol. 2019;30(9):1723–1733.  
Hagan AE, Farrington CA, Wall GC, Belz MM. Sodium polystyrene sulfonate for the treatment of acute hyperkalemia: a retrospective 

study. Clin Nephrol. 2016 Jan;85(1):38–43.  
Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/HFSA guideline for the management of heart failure: a report of the 

American College of Cardiology/American Heart Association joint committee on clinical practice guidelines. J Am Coll 
Cardiol. 2022;79(17):e263–e421.  

Hollander-Rodriguez JC, Calvert JF Jr. Hyperkalemia. Am Fam Physician. 2006;73(2):283–290.  
Karaboyas A, Zee J, Brunelli SM, et al. dialysate potassium, serum potassium, mortality, and arrhythmia events in hemodialysis: 

results from the dialysis outcomes and practice patterns study (DOPPS). Am J Kidney Dis. 2017;69(2):266–277.  
Kosiborod M, Rasmussen HS, Lavin P, et al. Effect of sodium zirconium cyclosilicate on potassium lowering for 28 days among 

outpatients with hyperkalemia: the HARMONIZE randomized clinical trial. JAMA. 2014;312(21):2223–2233.  
Kovesdy CP. Fluctuations in plasma potassium in patients on dialysis [published correction appears in: Nephrol Dial Transplant. 

2020;35(11):2021]. Nephrol Dial Transplant. 2019;34(Suppl 3):iii19–iii25.  
Kovesdy CP, Rowan CG, Conrad A, et al. Real-world evaluation of patiromer for the treatment of hyperkalemia in hemodialysis 

patients. Kidney Int Rep. 2018;4(2):301–309.  
Lindner G, Burdmann EA, Clase CM, et al. Acute hyperkalemia in the emergency department: a summary from a Kidney Disease: 

Improving Global Outcomes conference. Eur J Emerg Med. 2020;27(5):329–337.  
Mu F, Betts KA, Woolley JM, et al. Prevalence and economic burden of hyperkalemia in the United States Medicare population. Curr 

Med Res Opin. 2020;36(8):1333–1341.  
National Kidney Foundation (NKF). Potassium and your CKD diet. NKF website. http://www.kidney.org/atoz/content/potassium. 

Accessed November 2022. 



 

 

Noel JA, Bota SE, Petrcich W, et al. Risk of hospitalization for serious adverse gastrointestinal events associated with sodium 
polystyrene sulfonate use in patients of advanced age [published correction appears in: JAMA Intern Med. February 24, 
2020]. JAMA Intern Med. 2019;179(8):1025–1033. 

Núñez J, Bayés-Genís A, Zannad F, et al. Long-term potassium monitoring and dynamics in heart failure and risk of mortality. 
Circulation. 2018;137(13):1320–1330.  

Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical management of hyperkalemia. Mayo Clin Proc. 2021;96(3):744–762.  
Palmer BF, Clegg DJ. Achieving the benefits of a high-potassium, paleolithic diet, without the toxicity. Mayo Clin Proc. 

2016;91(4):496–508.  
Peacock WF, Rafique Z, Vishnevskiy K, et al. Emergency potassium normalization treatment including sodium zirconium cyclosilicate: 

a phase II, randomized, double-blind, placebo-controlled study (ENERGIZE). Acad Emerg Med. 2020;27(6):475–486.  
Pitt B, Anker SD, Bushinsky DA, et al. 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. Eur Heart J. 2011;32(7):820–828.  
Pitt B, Bakris GL. New potassium binders for the treatment of hyperkalemia: current data and opportunities for the future. 

Hypertension. 2015;66(4):731–738.  
Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: the 

task force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). 
Developed with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail. 2016;18(8):891–
975.  

Rafique Z, Liu M, Staggers KA, et al. Patiromer for Treatment of hyperkalemia in the emergency department: a pilot study. Acad 
Emerg Med. 2020;27(1):54–60. 

Rafique Z, Peacock F, Armstead T, et al. Hyperkalemia management in the emergency department: an expert panel consensus. J Am 
Coll Emerg Physicians Open. 2021;2(5):e12572.  

Reardon LC, Macpherson DS. Hyperkalemia in outpatients using angiotensin-converting enzyme inhibitors: how much should we 
worry? Arch Intern Med. 1998;158(1):26–32.  

Sarafidis PA, Blacklock R, Wood E, et al. Prevalence and factors associated with hyperkalemia in predialysis patients followed in a 
low-clearance clinic. Clin J Am Soc Nephrol. 2012;7(8):1234–1241.  

Spinowitz BS, Fishbane S, Pergola PE, et al. Sodium zirconium cyclosilicate among individuals with hyperkalemia: a 12-month phase 3 
study. Clin J Am Soc Nephrol. 2019;14(6):798–809.  

Watson MA, Baker TP, Nguyen A, et al. Association of prescription of oral sodium polystyrene sulfonate with sorbitol in an inpatient 
setting with colonic necrosis: a retrospective cohort study. Am J Kidney Dis. 2012;60(3):409–416.  

Weir MR, Rolfe M. Potassium homeostasis and renin-angiotensin-aldosterone system inhibitors. Clin J Am Soc Nephrol. 
2010;5(3):531–548.  

Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA focused update of the 2013 ACCF/AHA guideline for the management of 
heart failure: a report of the American College of Cardiology/American Heart Association Task Force on clinical practice 
guidelines and the Heart Failure Society of America. Circulation. 2017;136(6):e137–e161.  

Yoon HE, Choi BS. The renin-angiotensin system and aging in the kidney. Korean J Intern Med. 2014;29(3):291–195.  


	General info GR.pdf
	VIF22HKGR--INTERPROFESSIONAL Ch Deck_1.20.23.pdf
	Slide 1
	Slide 2: Disclaimer
	Slide 17: Hyperkalemia Definition 
	Slide 18: Hyperkalemia Definition
	Slide 19: Prevalence of Hyperkalemia
	Slide 20: Prevalence of Hyperkalemia in Pre-dialysis CKD Patients 
	Slide 21: Signs and Symptoms of Hyperkalemia
	Slide 22: Risk Factors for Hyperkalemia
	Slide 23: Hyperkalemia Increases Risk of Mortality, Cardiovascular Morbidity, Progression of CKD, and Hospitalization Adjusted Mortality According to Potassium and Comorbid Conditions
	Slide 24: Homeostatic Mechanisms Controlling  Potassium Concentrations
	Slide 25: Causes of Hyperkalemia
	Slide 26: Balancing the Benefits  of RAASi Use with Hyperkalemia Risks
	Slide 27:  
	Slide 28: Nearly half of patients on maximum dose RAAS inhibitor had therapy down-titrated or discontinued after a hyperkalemia event
	Slide 29: Hyperkalemia Is a Complex  Clinical Challenge
	Slide 30: Management of Chronic Hyperkalemia
	Slide 31: Dietary Potassium Counseling
	Slide 32: Health benefits of high-K+ diet
	Slide 33: Potassium Is a Common Ingredient  in Many Foods
	Slide 34: Importance of Potassium Monitoring
	Slide 35: Guideline Recommendations on RAASi Management Based on Potassium Level
	Slide 36: Considerations  for Outpatient Management
	Slide 37: Potassium Binders
	Slide 38: Concerns Regarding SPS
	Slide 39: Patiromer Sorbitex Calcium
	Slide 40: Sodium Zirconium Cyclosilicate
	Slide 41: Onset Studies
	Slide 42: Long-term Efficacy Studies
	Slide 43: ESKD Study
	Slide 44: Heart Failure Studies
	Slide 45: Hyperkalemia is a driver of  health care utilization
	Slide 46: Chronic Hyperkalemia Summary
	Slide 47: Patient Case 1
	Slide 49: Treatment of Acute Hyperkalemia
	Slide 50: Real-world Treatment of Hyperkalemia  in the ED Is Highly Variable
	Slide 51: Challenges of Correcting Hyperkalemia  with Dialysis
	Slide 52: Novel Potassium Binder Use in the ED
	Slide 53: KDIGO Recommendations  for Acute Hyperkalemia Management in the ED
	Slide 54: Expert Panel Consensus for Acute Hyperkalemia Management in the ED
	Slide 55: Patient Case 2
	Slide 57: Assessment of Patiromer for Hyperkalemia  in an Acute Care Setting
	Slide 58: Effectiveness of SPS for Short-term  Treatment of Hyperkalemia
	Slide 59: Patient Case 2 (…continued)
	Slide 61: Potassium Binder Initiation Based  on Serum Potassium Level
	Slide 62: Guideline Recommendations  in Patients with Heart Failure
	Slide 63: Considerations  for Inpatient Management
	Slide 64: Acute Hyperkalemia Summary
	Slide 65: Key Take-home Points
	Slide 73

	NL--Bibliography--089-VIFHKGR--ANNA Chapters.pdf

