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Learning objectives

Following this session, participants will be better able to:

• Understand the interaction of diabetes, kidney disease and HF

• Review the management of potassium, the "forgotten ion"

• Understand established & new modalities for the treatment of 
potassium disorders



Electrolyte and Fluid Disturbances in Congestive Heart Failure
New topic?

November 22, 1951
N Engl J Med 1951; 245:812-821

https://www.nejm.org/toc/nejm/245/21?query=article_issue_link






Normal Physiology



HF Physiology







Clinical Evaluation of HF



Sodium and HF



Edema and Sodium





Hyponatremia signs and symptoms may include:

• Nausea and vomiting
• Headache
• Confusion
• Loss of energy, drowsiness and fatigue
• Restlessness and irritability
• Muscle weakness, spasms or cramps
• Seizures
• Coma



Correction of hyponatremia









Treatment recommendations for symptomatic hypernatremia

Recommendations are as follows:

• Establish documented onset (acute, < 24 h; chronic, >24h)

• In acute hypernatremia, correct the serum sodium at an initial rate of 2-3 mEq/L/h (for 2-3 h) 
(maximum total, 12 mEq/L/d).

• Measure serum and urine electrolytes every 1-2 hours

• Perform serial neurologic examinations and decrease the rate of correction with improvement
in symptoms

• Chronic hypernatremia with no or mild symptoms should be corrected at a rate not to exceed
0.5 mEq/L/h and a total of 8-10 mEq/d (eg, 160 mEq/L to 152 mEq/L in 24 h).

• If a volume deficit and hypernatremia are present, intravascular volume should be restored
with isotonic sodium chloride prior to free-water administration.



Distribution of Total Body K+

Intracellular fluid
3,500 mEq (140-150 mEq/L)

Muscle: 2,700 mEq
Liver: 250 mEq
Erythrocytes:250 mEq
Bone: 300 mEq

Extracellular fluid
70 mEq (3.5-5.5 mEq/L)



Heart Failure and Potassium









The PARADIGM‐HF trial suggest the incidence of hyperkalemia
was ≈16% over a median follow‐up time of 27 months, despite
a highly selected and carefully monitored clinical trial 
population.

Hyperkalemia is routinely defined as a serum potassium level
>5 mmol/L







WRF: Worsening renal function





Poor Sensitivity and Specificity of ECG as Diagnostic Test
for Hyperkalemia

• In 127 patients with serum K+ between 
6-9.3 mEq/L, only 46% of ECGs noted 
to have changes1

• In 90 cases, only 24 noted to have 
characteristic T-wave changes
as read by a cardiologist2

• Only 1/14 who presented with 
arrhythmias or arrest had strict criteria2

1. Acker CG, et al. Arch Intern Med. 1998;158:917-924.
2. Montague BT, et al. Clin J Am Soc Nephrol. 2008;3:324-330.
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Goals of Therapy to Treat Acute Hyperkalemia

Modified from Floege J, Johnson RJ, Feehally J, eds. Comprehensive Clinical Nephrology. St. Louis, MO: Mosby; 2010.
Modified from Weisberg LS. Crit Care Med. 2008;36(12):3246-3251.

K+ Redistribution

Redistribute 
Extracellular K+

Into Cells

K+ Elimination

Enhance the 
Elimination of K+

From the Body

Antagonize the 
Effects of K+ on 
Excitable 
Cell Membranes

Membrane 
Stabilization



Therapies to Treat Acute Hyperkalemia

1. Modified from Weisberg LS. Crit Care Med. 2008;36(12):3246-3251. 
2. Modified from Floege J, Johnson RJ, Feehally J, eds. Comprehensive Clinical Nephrology. St. Louis, MO: Mosby; 2010. 
3. Ballantyne F 3rd, Davis LD, Reynolds EW Jr. Am J Physiol. 1975;229(4):935-940.

CPS, calcium polystyrene sulfonate; MOA, mechanism of action; SPS, sodium polystyrene sulfonate.

K+

Redistribution1,2 K+ Elimination1,2
Membrane 

Stabilization1,2

Calcium gluconate salt
↓ threshold potential 
of cardiac myocytes1

Hypertonic solution
↑ action potential rising 

velocity of cardiac myocytes 
in hyponatremic, 

hyperkalemic patients3

Insulin
Activates the Na+/K+-ATPase 

pump1

b-adrenoceptor agonists
MOA unknown1

Sodium bicarbonate
Alkalinizes the urine, thereby 

enhancing urinary K+ excretion1

Loop diuretics
Enhance urinary K+ excretion2

SPS/CPS
Enhance K+ removal 
through the colon3

Hemodialysis
Removal of K+ from blood1
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Hyperkalemia Is a Major Reason for Discontinuation of MRA
• 134 HF patients followed in a Portuguese HF clinic
• Spironolactone use in patients with SCr ≤2.5 mg/dL and K+ ≤5 mEq/L
• 25% of patients withdrew from spironolactone therapy (19/76)

Severe hyperkalemia (≥6 mEq/L) occurred in 7 patients who withdrew from spironolactone therapy (9.2%).
HF, heart failure; MRA, mineralocorticoid receptor antagonist; SCr, serum creatinine.
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Serum Potassium Levels During the Randomized Phase (Days 8–29) 
According to Study Group

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



Serum Potassium Levels During the Open-Label Phase (48 hours)

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



Potassium Levels with Sodium Zirconium Cyclosilicate 10 g 
Once-Daily During Phase 2

From “Sodium Zirconium Cyclosilicate in Hyperkalemia”, 
David K. Packham, 352, 3, 222-231 copyright © NEJM, Reprinted with permission from Massachusetts Medical Society
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Effect of Patiromer on Serum Potassium Level: AMETHYST-DN (52 
weeks)

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

• Hyponatremia is an independent predictor of morbidity and mortality in 
CHF

• Hypokalemia is an independent predictor of sudden cardiac death

• Hyperkaliemia is more prevalent than usually thought and often associated
with disease modifying drug withdrawal

• Serum magnesium is not an independent risk factor of death in patients 
with moderate to severe CHF



Thank you !


