OVERVIEW
This Grand Rounds series is targeted to physician specialists in nephrology, cardiology, emergency medicine, and primary care, as well as pharmacists,
nurses, nurse practitioners, and physician assistants who manage patients with ESRD.
TARGET AUDIENCE
Specialists in nephrology, cardiology, emergency
medicine, and primary care, as well as pharmacists,
nurses, nurse practitioners, and physician assistants.

AGENDA
5 min Welcome and Introductions/Pre-test
10 min Hyperkalemia in Hemodialysis: Pathophysiology, Risk Factors, and Clinical Gravity
20 min A Paradigm Evolved: The Emerging Role of K+ Binders in End Stage Renal Disease
20 min Meeting Complexity with Collaboration: A Team-based Approach for Managing K+
in Dialysis Patients
5 min Conversations with the Experts/Q&A/Post-test

LEARNING OBJECTIVES
At the conclusion of this application-based activity, participants will be able to:
1. Describe the pathophysiology of hyperkalemia in end stage renal disease (ESRD), especially in patients receiving hemodialysis, and discuss
the immense morbidity and mortality implications of elevated predialysis K+ levels.
2. Review traditional strategies for managing serum K+ in ESRD patients receiving dialysis and identify the pivotal shortcomings of these
standard approaches.
3. Examine novel pharmacologic treatment approaches for reducing the incidence of predialysis hyperkalemia, including an appraisal of
completed and ongoing clinical trials and recent FDA approvals.
4. Using a case-based format, apply evolving, interprofessional management strategies to prevent and manage hyperkalemia in ESRD patients
receiving hemodialysis, with a focus on the promising role of K+ binders.
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Learning Objectives
1.

Describe the pathophysiology of hyperkalemia in end stage renal disease (ESRD),
especially in patients receiving hemodialysis, and discuss the immense morbidity
and mortality implications of elevated predialysis K+ levels.

2.

Review traditional strategies for managing serum K+ in ESRD patients receiving
dialysis and identify the pivotal shortcomings of these standard approaches.

3.

Examine novel pharmacologic treatment approaches for reducing the incidence
of predialysis hyperkalemia, including an appraisal of completed and ongoing
clinical trials and recent FDA approvals.

4.

Using a case‐based format, apply evolving, interprofessional management
strategies to prevent and manage hyperkalemia in ESRD patients receiving
hemodialysis, with a focus on the promising role of K+ binders.

The Potassium Problem
in Hemodialysis
Interprofessional Approaches
to Hyperkalemia in ESRD
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Pathophysiology, Risk Factors,
and Clinical Gravity
• General introduction and background
• Hyperkalemia in dialysis

Epidemiology of Hyperkalemia
• Prevalence in hospitalized patients ranges from 1%–10%
depending on the definition of hyperkalemia1
• Prevalence in patients with CKD ranges from 5%–50%, increasing
as kidney function declines2
• Hyperkalemia is more common in patients with3
•
•
•
•

Reduced kidney function
Multiple medications (especially RAAS inhibitors)
Older age
Diabetes mellitus
2Reardon

1Hollander‐Rodriguez JC, Calvert JF Jr. Am Fam Physician. 2006;
LC, Macpherson DS. Arch Intern Med. 1998; 3Lazich I, Bakris G. Semin Nephrol. 2014.
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Predictors of Hyperkalemia
before Starting Therapy
• eGFR <45 mL/min/1.73m2
• Serum potassium >4.5 mEq/L
• eGFR <45 mL/min/1.73m2 + serum [K+] >4.5 mEq/L (highest
predictor) in the absence of RAAS blockers

Lazich I, Bakris G. Semin Nephrol. 2014.

Prevalence of Hyperkalemia
in Pre‐dialysis CKD Patients
• 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

<3.5

3.5–5.0

>5.0–<5.5

≥5.5–<6

≥6

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

Decreased GFR

Decreased
urine flow

Inability to secrete
or excrete K+

Tissue injury

Tubulointerstitial
damage

Anaemia requiring
blood transfusion

Chronic Kidney Disease

High acute K+ load

Hyperkalaemia
Relative
insulin
deficiency

Inability to dispose
of K+ into the
intracellular space
Block of
aldosterone
effects:
decreased K+
secretion

Inhibition of
Na+/K+‐ATPase:
decreased ductal
K+ reabsorption
and K+
redistribution
across cell
membranes

Mineralo‐
corticoid‐
receptor
blockers

Cardiac
glycosides

Hypertonicity
Inability to induce
tubular K+ secretion

Diabetes Mellitus

Hyporeninaemic
hypoaldosteronism

Decreased
production
of aldosterone:
decreased K+
secretion

RAAS
inhibitors

Heparin

K+ shift into
extracellular space

Metabolic
acidosis

Renal tubular
acidosis or effects
of calcineurin
inhibitors

Kidney
transplantation

Increased dietary
K+ intake

Dietary
modifications

Decreased renin
production:
decreased ability
to redistribute
K+ to the
intracellular space

ß2‐receptor
antagonists

CVD including acute
myocardial ischaemia,
LVH, and CHF

Kovesdy CP. Nat Rev Nephrol. 2014.

Association of Clinical Characteristics with Serum Potassium Level
Age, per 10 years
Female
Black
SBP, per 20 mm Hg
ACE‐i/ARB/K+ Sparing
Other diuretics
Beta blockers
Total cholesterol, per 1 mmol/L
Diabetes
BMI, per 5 kg/m2
Current smoker
History of CHD or stroke
History of HF
eGFR <30, per ‐15 mL/min/1.73 m2
eGFR 30–59, per ‐15 mL/min/1.73 m2
eGFR ≥60, per ‐15 mL/min/1.73 m2
uACR, per 10 fold

Mild hyperkalemia
(K+ >5 and ≤5.5 mmol/L)

Moderate hyperkalemia
(K+ >5.5 mmol/L)

1.02 (0.97, 1.08)
0.75 (0.67, 0.85)
0.76 (0.57, 1.02)
0.96 (0.93, 0.99)
1.34 (1.23, 1.47)
0.68 (0.63, 0.73)
1.04 (0.98, 1.11)
1.03 (1.00, 1.06)
1.53 (1.38, 1.70)
0.88 (0.83, 0.93)
1.28 (1.14, 1.42)
1.10 (1.06, 1.15)
1.06 (1.01, 1.11)
1.37 (1.22, 1.54)
1.98 (1.77, 2.22)
1.35 (1.28, 1.42)
1.08 (1.01, 1.16)

0.90 (0.84, 0.97)
0.77 (0.62, 0.96)
0.59 (0.44, 0.79)
0.99 (0.94, 1.05)
1.57 (1.30, 1.88)
0.68 (0.58, 0.80)
1.00 (0.94, 1.07)
1.04 (0.99, 1.09)
1.60 (1.46, 1.75)
0.86 (0.78, 0.94)
1.37 (1.15, 1.64)
1.18 (1.10, 1.26)
1.10 (0.95, 1.27)
1.57 (1.32, 1.87)
2.90 (2.39, 3.51)
1.55 (1.42, 1.70)
1.16 (1.04, 1.29)
Kovesdy CP, et al. Eur Heart J. 2018.
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Distribution of SeK, by Country
Pre‐dialysis
SeK (mEq/L)

Patient Percentile
95th

7.0

75th

6.5

50th

6.0

5th

25th

5.5
5.0
4.5
4.0
3.5
N Patients:

Rus

Ger

Ita

Tur

Chi

Spa A/NZ GCC

UK

Bel

Can

Swe

Jpn

Fra

US

554

925

759

382

1224

950

624

739

826

813

2310

259

5821

455

1174

Phase 5 (2012–2014) baseline data; ◊ represents the mean.

Karaboyas A, et al. Am J Kidney Dis. 2017.

Distribution of Dialysate K, by Country
% of patients
100%

5

90%

23

80%

47

37

38

5

8

38

37

Dialysate K
(mEq/L)
3.0–4.0

75

50%

94

40%

45

30%

31

20%
10%

12

59

70%
60%

45

11

51

55

61

10

100

70

86

79

2.0–2.5

75

62

25

0%

85

62

18

17
3

3

3

9

13

1.0–1.5

Ger

Bel

Ita

Rus

Swe

Fra

Can

US

Chi

Tur

Jpn

A/NZ

GCC

UK

Spa

N Pts
Mean

925
3.0

739
2.5

759
2.5

554
2.5

813
2.4

259
2.4

826
2.3

5821
2.2

1224
2.2

382
2.1

2310
2.0

455
2.0

1174
2.0

624
1.9

950
1.7

N Fac
Uniform*

22
5%

19
11%

18
50%

15
73%

18
11%

7
29%

21
5%

98
27%

44
84%

14
79%

57
100%

18
33%

35
66%

18
39%

21
62%

Phase 5 (2012–2014) baseline data.

Karaboyas A, et al. Am J Kidney Dis. 2017.
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Summary of factors contributing to high serum K+ concentrations in patients undergoing dialysis.
Parameter

Determinants of high K+
•
•
•

High intake of fruits (including fruit juices) and vegetables (e.g., melons, apricots, bananas, potatoes, sweet potatoes,
avocadoes)
Intake of other rare food and beverages with high K+ content (e.g., raw tamarind, prickly pear, noni juice)
Increased intake of food additives and potassium chloride–containing salt substitutes

Dialysis parameters

•
•
•
•

Dialysate K+ concentration of <2 mmol/L can increase serum K+ fluctuations pre‐ vs post‐dialysis
Dialysate bicarbonate concentration
Dialysate glucose content
Dialysis session duration

Medications

•
•
•
•
•
•
•
•

Amino acids (e.g., ε‐aminocaproic acid)
Beta blockers
Digoxin
PPIs
Heparin
RAASis (ACEis, ARBs, MRAs, direct renin inhibitors)
NSAIDs
K+‐sparing diuretics

Other conditions

•
•
•
•
•
•

Insulin deficiency
Acidosis
Hemolysis
Hyperosmolality (due to glucose, contrast agents, mannitol)
Rhabdomyolysis
Insufficient K+ removal by dialysis

Dietary K+ intake

Bansal S, Pergola PE. Kidney Int Rep. 2020.

Description of ECG Changes Caused by HK
Normal

Peaked T wave
Wide PR interval
Wide QRS duration
Peaked T wave

Increasing
potassium
levels

Loss of P wave
Sinusoidal wave

ECG reflects electrophysiologic relevance and is not sensitive to use as a
diagnostic tool—there is little correlation between K+ levels and ECG results.
De Nicola L, et al. J Nephrol. 2018.
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Petrov DB. N Engl J Med. 2012.

Association of Serum K with All‐cause Mortality,
CV Mortality, and ESRD in >1.2 Million Individuals
A Meta‐analysis by the Chronic Kidney Disease Prognosis Consortium (CKD‐PC)
CV mortality

ESRD
3

2

2

2

1.5

1

Adjusted HR

3

Adjusted HR

Adjusted HR

All‐cause mortality
3

1.5

1

.8

1

.8
2.5

3

3.5

4
4.5
5
5.5
Potassium, mmol/L

6

6.5

1.5

.8
2.5

3

3.5

4
4.5
5
5.5
Potassium, mmol/L

6

6.5

2.5

3

3.5

4
4.5
5
5.5
Potassium, mmol/L

6

6.5

Adjusted for age, gender, black, systolic BP, HTN medications, total cholesterol, diabetes, BMI, smoking, history of
CHD or stroke, history of HF.
Kovesdy CP, et al. Eur Heart J. 2018.
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Risk of Death by Potassium Level
R isk o f de a th b y p o ta ssiu m le vel
(Time
Dependent
(T im
e d e pe n d en Cox
t C o xModel)
m o d el)

Serum and Dialysate Potassium Concentrations and Survival in Hemodialysis Patients

All cause Mortality Hazard Ratio

Higher Serum Potassium  Higher Mortality
u n ad ju sted
case-m ix
case-m ix & M IC S

2

1 .5

n=74,219 HD patients

1
0 .9

.0
<4

4 .0

.2
-4

9
4 .3

.5
-4

9
4 .6

.9
-4

9
5.0

.2
-5

9
5 .3

.5
-5

9
5 .6

.9
-5

9
6 .0

.2
-6

9

>=

6 .3

P o tass iu m (m E q /L )

Kovesdy CP, et al. Clin J Am Soc Nephrol. 2007.

Pre‐dialysis Serum K and Outcomes
HR (95% CI) of Death
1.40

HR of Arrhythmia Composite

Crude

1.40

Adjusted

1.30

1.30

1.20

1.20

1.10

Crude

Adjusted

1.10
(Refs.)

(Refs.)

1.00

1.00

0.90

0.90

0.80

0.80
<4.0

4.0–5.0

5.1–5.5

5.6–6.0

>6.0

<4.0

4.0–5.0

5.1–5.5

5.6–6.0

>6.0

Serum K (mEq/L)

Serum K (mEq/L)
Crude Cox models stratified by DOPPS phase country; adjustments: age, sex, vintage,
13 comorbidities, vascular access, BMI, albumin, nPCR, serum Ca, serum Phos, serum
bicarbonate, dialysate bicarbonate, hemoglobin, treatment time, Kt/V.

Karaboyas A, et al. Am J Kidney Dis. 2017.
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Physiology of K+ Removal during HD

Bansal S, Pergola PE. Kidney Int Rep. 2020.

Dialysate K and Outcomes
HR (95% CI) of Death
1.40

HR of Arrhythmia Composite

Crude

1.40

Adjusted

1.30

1.30

1.20

1.20

1.10

Crude

1.10
(Refs.)

(Refs.)

1.00

1.00

0.90

0.90

0.80

Adjusted

1.0–1.5

2.0–2.5

0.80

3.0–4.0

Dialysate K (mEq/L)

1.0–1.5

2.0–2.5

3.0–4.0

Dialysate K (mEq/L)

Crude Cox models stratified by DOPPS phase country; Adjustments: age, sex, vintage, 13 comorbidities, vascular access,
BMI, albumin, nPCR, serum Ca, serum Phos, serum bicarbonate, dialysate bicarbonate, hemoglobin, treatment time, Kt/V.
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Karaboyas A, et al. Am J Kidney Dis. 2017.

Hemodialysis against Low Potassium Dialysate
Total Potassium Removed (mEq)

90

N=11 patients, cross‐over design

80
70
60

Dialysate

50

0K

40

1K

30
20

2K

10
0
Hou S, et al. Am J Kidney Dis. 1989.

Comparison of intradialytic and post‐dialytic potassium levels between a
serum‐dialysate gradient of 5.8 mEq/L (solid line; predialysis serum
potassium 6.8 mEq/L and dialysate potassium 1 mEq/L) and a gradient
of 4.7 mEq/L (dashed line; predialysis serum potassium 5.7 mEq/L and
dialysate potassium 1 mEq/L).
The high serum‐dialysate gradient
condition results in a total excursion
of serum potassium levels of
approximately 5 mEq/L (3 mEq/L fall
and 2 mEq/L rebound) in the 10
hours after the start of treatment
compared with approximately 3
mEq/L with the lower gradient
condition.

Pun PH, Middleton JP. J Am Soc Nephrol. 2017.
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Log10 (PVC+1)

Increased Ventricular Ectopy during HD

Time (h)
Dialysis

Interdialysis

Time course of PVC (isolated beats, pairs, and runs) in a log scale, during 24 hours in the two treatments. No
statistically significant differences were achieved by sign test (P=0.628) between two treatments.
Santoro A, et al. Nephrol Dial Transplant. 2008.

Sudden cardiac arrest (SCA) risk according to serum and
dialysate potassium.

The risk of SCA remains higher or
equivalent (overlapping 95% confidence
intervals) with lower potassium dialysate
<2 mEq/L compared with ≥2 mEq/L, even
among patients who are hyperkalemic.

Pun PH, Middleton JP. J Am Soc Nephrol. 2017.
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Correction of Hyperkalemia with Dialysis
Challenges
•

Treatment is not physiologic
•
•
•

Only focus is achievement of K mass‐balance
Major and rapid fluctuations in SeK can occur during every HD treatment
Potentially combined with other exacerbating conditions:
•
•
•
•

•

LVH
Hypomagnesemia
Hypocalcemia
Alkalemia

Proper prescription is not always used in chronic outpatient HD
•
•

SeK measured once a month
Changes in SeK may occur day‐to‐day
Kovesdy CP. Nephrol Dial Transplant. 2019.

A Paradigm Evolved
The Emerging Role of K
Binders in ESRD
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Mechanisms
of(BK)Potassium
Secretion
inColon
the Colon
Big Potassium
Channels Control Active
K Secretion in the
+

Mechanisms involved in potassium secretion in colonic epithelial cells in response to an increase in serum potassium levels. In the colonic enterocytes
potassium enters the cell via the Na+, K+‐ATPase, and Na+‐2Cl−‐K+ cotransporter (NKCC1) of the basolateral membrane and leaves the cell into the colon
lumen via apical large conductance Ca2+‐dependent potassium (KCNMA or BK) channels. In the basolateral membrane, several potassium channels
(KCNQ1/KCNE3, KCNN4, and probably KCNK5) facilitate the electrogenic transport by hyperpolarizing the membrane voltage. CFRT indicates epithelial
(cystic fibrosis transmembrane regulator) chloride channels; and ENaC, apical epithelial sodium channels.

Tamargo J, et al. Discov Med. 2014.

Increased Potassium Secretion by the Colon
during Decreased Renal Function
The capacity of the colon for K+ secretion
adapts in ESRD
• Enhanced active K+ secretion
• Increased apical membrane K+ permeability
• Most likely due to greater levels of Big
Potassium (BK) channel protein expression

Visual analog scores of apical BK channel expression
in patients with normal renal function or ESRD.
Scores were greater in the ESRD group (P<0.001).
Mathialahan T, et al. J Pathol. 2005.

14

Potassium Binders
Top‐level Comparisons
SPS1

Patiromer2

SZC3

Molecule4

Nonspecific, Na+‐containing
organic resin

Selective, Na+‐free
organic polymer

Selective, Na+‐containing inorganic
crystalline silicate

Onset of effect4

Unknown*

7 hours

1 hour

Time to
normokalemia5

Undetermined

79% after 4 weeks

98% w/in 48 hours

Dosing1–3

Orally: 15–60 g, 1–4x/day;
Rectally: 30–50 g/6 hours

8.4–25.2 g 1x/day

Starting: 10 g 3x/day up to 3 days†;
Maintenance: 10 g 1x/day

Safety4

GI disorders, colonic necrosis,
hypokalemia, hypernatremia

GI disorders,
hypokalemia,
hypomagnesemia

Edema

*Presume 7–10 hours because sodium polystyrene sulfonate (SPS) is dependent on a high concentration of K+ in the colon. †Package
insert advises 3x/day up to 48 hours; dosing based on the ZS‐005 trial showing 82% of patients achieved normokalemia within 24 hours.
1‐3FDA

Prescribing Information; 4Di Nicola L, et al. J Nephrol. 2018; 5Pitt B, Bakris GL. Hypertension. 2015.

SPS for the Treatment of Hyperkalemia

~40% of ESRD patients
in France use K+ resins
such as SPS

Trends in Na‐based K resin prescription by DOPPS country. K resin
prescription was not significantly different (P>0.05) across study phases
in any country.
Jadoul M, et al. Am J Nephrol. 2014.

15

Kayexalate with sorbitol may be associated with
colonic necrosis.
FDA Safety Alert 2009
•
•
•

Colonic necrosis and other serious
gastrointestinal adverse events have been
reported when kayexalate 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 oedema)

Watson MA, et at. Am J Kidney Dis. 2012.

GI Adverse
SPSUse
Probability
of GIEvents
Events with
with SPS

Noel JA, et al. JAMA Intern Med. 2019.
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Patiromer and SZC*
Patiromer

SZC

Mechanism of action

Nonspecific cation binding in exchange
for calcium

Selective K+ binding in exchange for Na+ and H+

Time to normokalemia†

Achieves normokalemia as early as 1 week,
depending on severity of hyperkalemia

84% of patients normokalemic within
24 hours

Onset of effect†

K+ levels reduced significantly 7 hours after first dose Median time to normalization 2.2 hours

Drug‐drug interactions

Administer patiromer at least 3 hours before or after
other oral drugs

Other oral drugs administered at least 2 hours
before or after SZC

Location of K+ binding

Distal colon predominantly

Likely to be upper and lower GI tract (not proven)

Safety/tolerability

Well tolerated, but may cause hypomagnesemia and
GI AEs, such as mild to moderate constipation

Well tolerated, but may cause edema and mild to
moderate GI AEs

*There are no head‐to‐head studies comparing patiromer and SZC; clinical trials were conducted under widely varying conditions.
†Pa romer and SZC should not be used as an emergency treatment for life‐threatening hyperkalemia because of their delayed onset of action. Patients
in the clinical trials were evaluated as outpatients.

FDA Prescribing Information.

ZS‐9 (SZC)
Structure
• FDA approved for the treatment of hyperkalemia
• Inorganic cation exchanger with a crystalline structure that
entraps K+ along the entire length of the GI tract

Structure of ZS‐9. Blue spheres = oxygen atoms; red
spheres = zirconium atoms; green spheres = silicon atoms.
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Stavros F, et al. PLoS One. 2014.

DIALIZE Study
Phase 3b, randomized, double‐blind study of SZC in HD.
Primary outcome: % of patients who maintained predialysis K+ of 4.0 mmol/L to 5.0 mmol/L during at least 3 of 4 HD
treatments and did not require urgent rescue therapy to reduce SeK+.
SZC
5 g daily*
Patients with ESRD on HD 3× per
week, who had predialysis
hyperkalemia (N = 196)

41.2%
OR 68.8;
P<0.001

R
1:1

Placebo

*Titrated toward maintaining normokalemia over 4 weeks,
in 5 g increments to a maximum of 15 g.

1.0%
Fishbane S, et al. J Am Soc Nephrol. 2019.

Mean pre‐ and post‐dialysis SeK+ values were lower with SZC than
with PBO both at the end of the titration period and during the
evaluation period.

Fishbane S, et al. J Am Soc Nephrol. 2019.
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DIALIZE
Interdialytic Weight Gain
Although it is important to lower serum K+ in dialysis patients, it in unclear
what the net benefit to the patient is when using binder vs K+ bath
• Need studies designed to assess practical outcomes (e.g., hospitalizations, death, etc.)

Interdialytic weight gain was similar
© Medscape, LLC

SZC

Placebo

VS

0.2 kg

‐0.1 kg

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

Patiromer
Structure
• FDA approved for the treatment
of hyperkalemia
• Nonabsorbed cation‐exchange
polymer that binds K+ in
exchange for Ca2+ predominantly
in the distal colon and increases
fecal K+ excretion

•

Organic polymer

•

2‐Propenoic acid, 2‐fluoro‐, calcium salt (2:1),
polymer with diethenylbenzene

•

and 1,7‐octadiene

•

Cross‐linked polymer of calcium 2‐fluoroprop‐
2‐enoate with diethenylbenzene

•

and octa‐1,7‐diene

FDA Prescribing Information; Pitt B, Bakris GL. Hypertension. 2015.
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Patiromer HD Study
Hyperkalemic patients on HD admitted to
clinical research units for 15 days
(N=6; 5 anuric)

1 pretreatment week

1 patiromer treatment week
(12.6 g daily)

Phosphate binders stopped on admission
• Controlled diet with identical meals
• Serum and 24‐hour stool samples
collected daily
• Stable K+ dialysate concentration

• Assess efficacy of patiromer in reducing serum K+ in patients on HD
• Evaluate safety and tolerability of patiromer in patients on HD
Bushinsky DA, et al. Am J Nephrol. 2016.

Patiromer Decreases Serum Potassium
and Phosphate Levels in Patients on Hemodialysis

Bushinsky DA, et al. Am J Nephrol. 2016.
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Real‐world Evaluation
of Patiromer
for the Treatment
of Hyperkalemia
in Hemodialysis Patients

Kovesdy CP, et al. Kidney Int Rep. 2018.

Meeting Complexity
with Collaboration

A Team‐based Approach
for Managing K in Dialysis
Patients
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Team‐based Care among Different Specialties
for Improved Care of Patients on Dialysis
• Physicians can determine other causes of hyperkalemia,
metabolic conditions, etc.
• Dialysis nurses can encourage the patients to not
shorten their treatments and to go through the full run
• Cognizant of the patients' symptoms, signs that they are
cramping, if they are hypotensive

Team‐based Care among Different Specialties
for Improved Care of Patients on Dialysis
• Pharmacists can provide comprehensive medication management
(CMM) that includes thorough medication review, assessment of
efficacy and safety, and patient education.
• Important role in medication reconciliation during transitions
of care
• Nutritionists/dieticians can educate patients on K+‐sparing diets
• Social workers can assist in enrolling patients in patient assistance
programs
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Nonadherence to Diet Plans
Finding the Right Balance
Problems Identified

Solutions

• Lack of nutrition education
on low‐sodium diet
• Lack of nutrition education
on low‐potassium diet

• Extensive counseling
provided to patient, family
members, and caregivers
• Shopping list with low‐
sodium foods provided
• Specific education on how
to read food labels

Low K+ Diet Is the First Step in Chronic
Management, but Compliance Can Be Difficult
Foods That Are High in Potassium (greater than 200 mg per portion)
Fruits

Vegetables

Other Foods

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

Acorn squash

Bran/bran products

Avocado (¼ whole)

Artichoke

Chocolate (1.5–2 ounces)

Banana (½ whole)

Bamboo shoots

Granola

Cantaloupe

Baked beans

Milk, all types (1 cup)

Dates (5 whole)

Butternut squash

Molasses (1 Tablespoon)

Dried figs

Beets, fresh then boiled

Nutritional supplements

Dried fruits

Black beans

Nuts and seeds (1 ounce)

Grapefruit juice

Broccoli, cooked

Peanut butter (2 tbs)

Honeydew

Brussels sprouts

Salt substitutes/Lite Salt

Kiwi (1 medium)

Chinese cabbage

Salt‐free broth

Mango (1 medium)

Carrots, raw

Yogurt

Nectarine (1 medium)

Dried beans and peas

Orange (1 medium)

Greens, except kale

Orange juice

Refried beans

https://www.kidney.org/atoz/content/potassium.
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SeK is Associated with Protein Intake
Higher Protein Intake  Higher Serum Potassium

Serum Potassium (mEq/L)

5.3
5.1
4.9
4.7
4.5
4.3
4.1
3.9
3.7
3.5

Estimated Daily Protein Intake (nPNA) g/kg/day

Kovesdy CP, et al. Clin J Am Soc Nephrol. 2007.

Health Benefits of High‐K Diet
• 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
Palmer BF, Clegg DJ. Mayo Clin Proc. 2016.
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Fruit and Vegetable Intake and Mortality
in Adults undergoing Maintenance Hemodialysis

Adjusted mortality hazard ratios (HRs) (95% CIs) by tertiles of fruit and vegetable intake (servings per week) showing an association between higher
combined intake of fruit and vegetables and lower all‐cause mortality largely driven by non‐cardiovascular causes.

Saglimbene VM, et al. Clin J Am Soc Nephrol. 2019.

Dietary Restriction of Potassium Intake
Diet is an important component in the management of hyperkalemia;
however, the role of diet in hyperkalemia is unclear and can be complicated.
19

K

39.098

K+ is a common ingredient in many foods
• Restricts consumption of healthy foods (e.g., DASH diet)
• Low K+ diet often expensive
• Low adherence

Variability among patients
• Patients with the same degree of residual renal function, on the
same diet—some might get hyperkalemia while others may not
• Multiple factors at play and diet is but one of them
© Medscape, LLC

St‐Jules DE, et al. J Ren Nutr. 2016.
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What Is the Pharmacist’s Role
in Managing Hyperkalemia?
• Appropriate assessment of hyperkalemia and management requires a thorough
understanding of the underlying mechanisms and evidence‐based
recommendations regarding risk vs benefits of RAAS inhibition and other
potential contributors to hyperkalemia—even in ESRD
• Pharmacists can play an integral role in the management of hyperkalemia by
•
•
•
•

Recognizing agents that may contribute to hyperkalemia
Offering suggestions on changes to the medication regimen
Assisting with drug selection and dosing of agents used to treat hyperkalemia
Counseling patients and other health care providers on use of available potassium
binding agents

Complexity of Medication Regimen
• Many medications can contribute to
hyperkalemia and other medication‐related
problems (MRPs)
• Medication reconciliation and provision of
comprehensive medication management is an
important process to identify and correct MRPs
• Healthcare providers should work together to
provide instructions to patients and emphasize
importance of taking medication as prescribed
• Patients should be asked about lifestyle and
other factors that may influence adherence to
medication regimens, including ability to get
their medications
Pai AB, et al. Clin J Am Soc Nephrol. 2013.
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Patiromer Drug‐Drug Interactions
In vivo studies
• 12 medications studied
• Low risk of drug‐drug interactions with
other oral medications
• Administer other oral medications at least
3 hours before or 3 hours after

Drugs Evaluated
Amlodipine
Cinacalcet
Ciprofloxacin*
Clopidogrel
Furosemide
Levothyroxine*
Lithium
Metformin*
Metoprolol
Trimethoprim
Verapamil
Warfarin
*Patiromer decreased systemic exposure
of these medications.

FDA Prescribing Information.

SZC Drug‐Drug Interactions
In vivo studies
• 9 medications studied

Drugs Evaluated
Amlodipine

• Dabigatran ( systemic exposure)
• Furosemide ( systemic exposure)
• Atorvastatin ( systemic exposure)

• Administer other oral medications
at least 2 hours before or 2 hours
after

Atorvastatin
Clopidogrel
Dabigatran
Furosemide
Glipizide
Levothyroxine
Losartan
Warfarin

FDA Prescribing Information.
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Cost Can Be a Barrier
• Approximate 30‐day supply in the United States
• Patiromer 8.4 g:
• SZC 10 mg:

$850
$656

Sidhu K, et al. Curr Opin Cardiol. 2020.

The Art of Prior Authorization
• Receive approval before prescribing
• Use ePA
• CoverMyMeds

• Standardize request letter
• Refer to guidelines
• Highlight safety and efficacy concerns with formulary alternatives (SPS)

• Check for co‐pay assistance
• Manufacturer
• Patient Access Network
https://www.covermymeds.com/main/solutions/payer/epa/;
https://www.covermymeds.com/main/pdf/cmm‐case‐study‐payer.pdf.
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Practical Considerations
• Patient support services from manufacturers
• Available for SZC and patiromer
– SZC:
• https://www.lokelma‐hcp.com/access‐and‐
savings.html?source=lok_c_h_139&umedium=cpc&uadpub=GOOGLE&ucampa
ign=71700000061155129&ucreative=58700005506417207&uplace=43700050
336797897&outcome=name&cmpid=1&gclid=EAIaIQobChMIqKKz_9OF7wIVJY
NbCh1AsgRWEAAYASABEgIBf_D_BwE&gclsrc=aw.ds#lokelma‐support
• 1‐866‐494‐8080
– Patiromer
• https://veltassa.com/supportservices/hcp
• 1‐844‐870‐7597

Notes
Notes
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Notes
Notes
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