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Benefits of High K+ Diet

E Improved bone health
Decreased risk of 6 Decreased risk of
stroke nephrolithiasis

High K+ diet

Decreased BP e @ Benefits in patients with CKD

Palmer BF, et al. Mayo Clin Proc. 2016;91:496-508.

Potassium Physiology

The most abundant cation in the body

98% intracellular (~140 mmol/L), 2% extracellular (3.8 to 5.0 mmol/L)

Complex regulation of intracellular/extracellular shifts with active uptake and passive
leak
Long-term K* homeostasis mainly governed by renal excretion -- mainly influenced by
aldosterone

Normal plasma K* is tightly regulated despite variable intake (40 to 200 mmol/day)
Disorders of K* levels profoundly affect membrane excitability and nerve, muscle, and
cardiac function
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Nvirenda MJ, et al, BMJ, 2000:330:b41114

Regulation of Potassium Balance

Internal Balance

The regulation of the
distribution of potassium
between ICF and

ECF compartments

Intake
~ 100 mEq/d

Intracellular storage
98% (~ 3300 mEq)

/ .
/ Internd balance [Extracellular Fluid

s /<.::.> 2% (65 mEq)

External Balance

The regulation of total body
potassium content through
alterations in potassium
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Palmer BF. Clin J Am Soc Nephrol. 2015;10:1050-1060.




Renin-Angiotensin-Aldosterone System and Regulation

of Renal K* Excretion

enzyme inhibitors ‘ receptor blockers ’

Adrenal
Angiotensin | Angiotensin Il *) gland

v
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Direct renin Inhibitor |

Cyclosporine, tacrolimus. colls
Diabet

Eiderty Afterent arteriole

Reprinted from Clase CM, et al. Kidney International 2019 in press with permission from Elsevier.

Who Is at Risk for Hyperkalemia?
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Heart
Failure

Diabetes

Kidney
Disease

12/16/2025

Adjusted Mortality According to Potassium and

Comorbid Conditions

HF, CKD, and DM

Predicted probability of mortality

T T T T T T T

25 30 35 40 45 50 55 60 65 70 75 80
Baseline serum potassium level, mEq/L

Spline analysis adjusted for covariates showing serum potassium as a continuous variable with all-cause

mortality in HF, CKD, DM, and combined vs control group.

Collins AJ, et al. Am J Nephrol. 2017;46:213-221.
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The Four Pillars of Heart Failure

Initiate
BB MRA SGLT2i

Optimise

W Re-assess
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Torlén K et al

Tang kali mau lam tang nguy co’ t&r vong do moi nguyén nhan
va ttr vong tim mach & BN chay than nhan tao

Phan tich dir liéu 111.434 bénh nhan chay than nhan tao tai Hoa Ky trong giai doan tir thang 7
nam 2001 dén thang 6 nam 2006
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Hyperkalemia Is a Complex Clinical Challenge

* 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 (eg, CV events,
progression of CKD)

» Comorbidities rarely are cured (currently)
— Lifelong struggle with lifestyle, medications, AEs

1

Adjusted rate
per 100 patient-months?

Chtrc nang than cang giam, ty Ié tang kali mau cang tang
Pac biét trén bénh nhan G5 va loc mau

Incidence of HK (K*25.5 mEq/L) Prevalence of HK (K*25.5 mEq/L)

P<0.001 60 57
P<0.001

Patients (%)

)
No RAASi RAASI No CKD Stage 3 Stage 4 Stage 5

No CKD mcxD

Severity of CKD

Phan tich hdi ctu trén 245.808 cyu chién binh c6 it nhdt mot lin nhap vién va cob xét
nghiém kali mau trong n&m 2005




Tang kali mau dé tai phat trén BN CKD GD 3-4 tré 1én kém hodc khéng kém HF:
~60% BN s& bj ting kali mau tai phat trong vong 45 ngay

Bénh nhan da bj tang kali mau, sé dé tai phét ho'n vdi khodng thei gian giiva céc lan tai phat ngdn dan
két qua tir nghién ciu REVOLUTIONIZE |, theo dGi trong 6 thang '

Lan tai phat 1 Lan tai phat 2 Lan tai phat 3 Lan tai phat 4
Bénh nhéan BTM 58 IETE) 60 T 70%
GD3-4va =486 n=291 n=204

tang kali mau (n=1503)

&

Bénh nhén suy tim kem
BTM G3-4 co tang kali
mau (n=861)

o %
59 EIED 61 68

=285 n=174 n=118

NZE s ing HK recurence flbwing a MNT:
ol was the date of MNT vt plus 7 Gays,

Sordandas. 1179 patierts s HE, betueen 191000 1 The ndex

Resuren HK was defined as postindex ab vale of K >5,0 mmol. that was at eas 7 cays apar foma pior s evidence of K 4 reported cuing he facéy based or opatien encouners and K measuremens bebween these encourers wereurknown
= dsease; HF =heart falure; MNT = mecical utin therapy; US = Uried Stats,
1R 1. A0 Ther 2004:41(6/2381-2368; 2 House Data As DoF 178557
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Causes of Hyperkalemia

Dietary intake
Drug-induced: potassium supplements, herbal
supplements, packed RBC infusions

Increased K* load

Metabolic: acidosis, hyperglycemia (in diabetes)
Drug-induced: insulin antagonists, hypertonic solutions,
digoxin, B-blockers

Altered K* distribution

Metabolic: hyporeninemic, hypoaldosteronism, oliguria
Drug-induced: potassium-sparing diuretics, cyclosporine,
tacrolimus, pentamidine, trimethoprim, lithium

Drug-induced: ACEls, ARBs, ARNIs, MRAs,
B-blockers, heparin, NSAIDs, COX-2 inhibitors
Metabolic: acidosis, HF, dehydration
Drug-induced: antihypertensives, diuretics

Reduced K* excretion

Reduced GFR/hypovolemia

Hemolyzed RBCs, inappropriate sample handling,
erroneous reporting, equipment malfunction

Laboratory error

*Table not all-inclusive.
NKF K/DOQI website. Guideline 11: use of ACE inhibitors and ARBs in CKD. 9

BN tang kali mau phai déi mat véi viéc tang thém 50% nguy co T vong,
dbéng thoi tang 3-4 1an nguy co nhap vién so v&i khong ting kali mau

Nguy co nhép vién trong 6 thang:

O BN CKD
cé tang kali

M&i 0,5 mmol/L kali mau ting thém lam
téng hon 50% nguy co tir vong®2

So sanh véi BN CKD/HF khéng cé tdng kali méau

Guideline Recommendations Regarding RAAS

Inhibitor Use Based on Serum Potassium Level

ESC HF, NICE:
Stop RAAS
inhibitor if > 6.0
and carefully

K/DOQI if5.1105.5, K/DOQI: reintroduce
take measures to reduce dose
lower K* when of/stop
tiating RAAS 2
e ACEI/ARB if > 5.5

NICE: do not start
RAAS inhibitor if > 5.0

Serum Potassium, mEq/L

u
MRA
ACCF/AHA HF:
use caution if >5.0

Serum Potassium Threshold

Yancy CW, et al. Circulation. 2017;136:€137-e161; Lindenfeld J, et al. J Card Fail. 2010;16:e1-e194; Ponikowski P, et al. Eur J Heart Fail.
2016;37:2129-2200; NICE website. Clinical guideline [CG182]; K/DOQI. Am J Kidney Dis. 2004;43:51-S290. a8




Challenge of Balancing RAAS Inhibitor Use and

Potassium Level

RAAS inhibitors: ACE inhibitors,
ARBs, aldosterone blockers
Guideline recommendations
(ACCF/AHA and HFSA, KDIGO)
Proven outcomes benefit in HF
Strong evidence of benefit in
diabetic nephropathy

-

Potential risks of RAAS
inhibitor therapy

Risk of increased serum
potassium

Utilization limited by risk of
hyperkalemia

Up to 75% of patients with HF
are suboptimally dosed

e,

Lindenfeld J, et al. J Card Fail. 2010;16:475-539; Yancy CW, et al. Circulation. 2013;128:€240-e327; Epstein M, et al. Am J Manag Care.
2015;21:5212-S220; Umanath K. et al. Am J Kidney Dis. 2018;71:884-895. 1
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Khong t&i wu lieu RAASI lam ting dang ké
nguy co tién trién bénh than man va tai nhap vién vi suy tim

Nguy co tién trién dén ESKD'2 Nguy co tai nhap vién vi suy tim?°

74% 60% 43% 40%

Téng nguy co Tang nguy co Téng nguy co' Téng nguy co
khi ngirng RAASI Khi gidm liéu RAASH khi ngirng RAASI khi gidm ligu RAASI
(n=2460) (n=460) (n=1966) (n=430)
— m—

So v&i nguy co' khi duy tri RAAS® So véi nguy co khi duy tri RAAS

(n=4586) (1=3049)

t8i wu hiéu qua bao vé tim mach — than

3 [

Bénh nhan CKD/HF can t8i wu GDMT (RAASi & MRA) dé giam tién trién bénh va giam nhap vién, ]

A5 s ltans v D o175

Cac khuyén cao nhan manh can téi wu mirc lieu RAASI/MRA
trén Bénh than man va Suy tim

o]
e @ESC
Bénh nhan Bénh than man'3 Bénh nhan Suy tim PSTM giam*

RAASI MRA va RAASI

Puoc khuyén cao digu tri nham gidm nguy co tién trién Buoc khuyén c‘a;:Tnham i’.'am ng;{ co nhap vign
ctia bénh than man, suy gidm chire nang than va turvong tim maci

O ACEi va ARB nén duoc diéu tri véi lidu t6i wu dung nap dugr 28 + ACEi nén duoc digu tri dén ligu t6i wu ma bénh nhan c6 thé dung nap

dwoct

nén dinh ky danh gia néng dé kali mau 2-4 [an/ nam (CKD/HF)
dinh ky trén bénh nhan c6 tang kali mau tai phat tuy theo mirc kali mau

7
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Hyperkalemia-Related Discontinuation of RAAS Inhibitors and
Clinical Outcomes in CKD

HK-related RAAS inhibitor discontinuation is associated with higher mortality
and CV events compared with continuation in patients with CKD

HR of Study Outcomes Related to RAAS Inhibitor

Discontinuation Using an ITT Approach Riatent werS onRAAS

inhibitors and had CKD

At 90 days from initial HK
episode, comparisons wel

Manitoba Cohort Ontario Cohort
(n=7200) (n=71,290)

No. of Person-
Events Years at Risk

Person-
Years at Risk

Rates* HR? (95% CI)

Rates*  HR'(95%Cl)

RAAS inhibitors

“Rate per 100 person-years; "Adjusted for demographics (age and sex), baseline comorbidities (diabetes mellitus, hypertension, heart failure, atrial
fibrillation/flutter, stroke/transient ischemic attack, angina), baseline eGFR, serum K', medication use at baseline (spironolactone, antifungal azoles,
digoxin, , NSAIDs, heparin, K* tacrolimus, and

10% to 50% higher risk of
CKD, chronic kidney disease; ITT, intention-to-treat. dialysis

Leon SF, et al. Am J Kidney Dis. 2022. doi: 10.1053/].ajkd.2022.01.002 [Epub ahead of print}

made between those with
continued and discontinued

’r;“']f;‘lf:; 3228 21858 1“7 . e P 279,655 1219 o 4:'4‘752)

. ' = RAAS inhibitor-related HK
cv 132 was defined as K*> 5.5
Wortaiity 156 21858 529 a1, 144) 1,049 279,655 395 (125 139) e
Fatal and = e
non-fatal 2960 17,333 17.08 a |'|’3‘22 " 31220 226,m 1381 a |; ‘:!22) Discontinuation of RAAS
CV events " T inhibitor treatment:
Dialysis 165 m 30% higher risk of death and
il 917 19310 475 (4%, 168) 22876 247,965 923 Hioe i e

20% higher risk of fatal and
nonfatal CV events

re




Management of Hyperkalemia

Hyperkalemic Emergency
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Treatment Mechanism
Calcium (chloride or gluconate)* Membrane potential stabilization

Hypertonic saline* Membrane potential stabilization

Sodium bicarbonate Redistribution
Insulin* Redistribution
Bo-receptor agonists* Redistribution

Kaliuretic diuretics (40 mg furosemide or
equivalent) Excretion
Higher doses for advanced CKD

Fludrocortisone acetate Excretion
Cation exchange resins Excretion
Dialysis Removal

*Treatment for acute hyperkalemia only.
Kovesdy CP, et al. Nat Rev Nephrol. 2014;10:653-662.

Comments
Does not affect K level
Acute hyponatremia

Data unclear for acute treatment of dialysis
patients

Effect independent of insulin and
aldosterone
Caution in patients with CAD

Reduces blood pressure and enhances
renal excretion of potassium

Aldosterone deficiency
Sodium retention, edema, and
hypertension may occur
SPS, patiromer, SZC
Can affect sodium, bicarbonate, calcium,
and magnesium levels

12 Lead - ECG

Typical Features of Hyperkalemia

Tall peaked T wave

Serum Potassium (mEq/L)

Tall peaked T wave 5.5t 6.5
Preve 65t07.5
i
7.0t0 8.0
Widened QRS with tall T wave
8.0t0 10.0

Adapted from Mattu A, et al. Am J Emerg Med. 2000;18:721-729.

ange

Tall peaked T waves

Loss of P waves

Widening of QRS

Sine wave, ventricular
arrhythmia, asystole

Serum K*
= Greater than 6.5 mEq/L or approaching 7 mEq/L
Symptoms
* Muscle weaknes: symptomatic
ECG findings
» Cardiac conduction abnormalities
« Arrhythmias
Caused by
« Rapidly rising K* with tissue breakdown (rhabdomyolysis or tumor lysis syndrome)

* Worsening renal impairment (AKI, acute or chronic kidney disorder)
« Redistribution of potassium (DKA or HHS)

Can be worsened by medications
« ACE inhibitors
+ ARBs
* Potassium-sparing diuretics
» Tacrolimus

87

Treatment of Hyperkalemic Emergency

Potassium
Shifters

Membrane

Stabilizer

*Insulin +
dextrose
* B2 agonist
(albuterol)
*Sodium
bicarbonate

* Calcium

Potassium

Removers

* Diuretics

* Potassium
binders

*HD




Treatment of Hyperkalemic Emergency

Agent Typical Dose Considerations
Quick onset (1 min)
Calcium gluconate 1000 mg IV over 2 min Duration: 30 min
(peripheral line ok) Raises cardiac threshold potential Can repeat
Membrane stabilizer Calcium
Calcium chloride 1000 mg IV over 2 min Stabilizes membrane Does not lower potassium

(central or deep vein)
Not used as monotherapy

Only administer glucose or
Insulin + glucose 10 U IV push + 25 g dextrose IV over 1 h Stimulates intracellular K* uptake dextrose if glucose
< 250mg/dL
4 times the dose of
bronchodilation

B2-agonist Stimulates intracellular K* uptake
POt I SHifter (albuterol) 10 to 20 mg nebulizer over 10 min May lead to tachycardia
May not be effective in
patients on B-blockers
Considered in metabolic
Sodium bicarbonate 50 to 100 mEq IV over 2 min highes seninpHalola RN

exchange for K* shift
Limited efficacy 91
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Treatment of Hyperkalemic Emergency (cont)

Mechanism of

Onset: 15 min
Duration: 4to 6 h

Diuretics Furosemide (Lasix) 201040 mgIVx 1 Loop diuretic increases urinary

potassium excretion Should not be used as
monotherapy in severe
hyperkalemia
SPS Not established Resin Na+ for K*
NOT established or
Potassium binders Patiromer Not established Resin exchanges Ca** for K* approved for severe
hyperkalemia (yet)
szc Not established Captures K* in exchange for H

and Na*

Pharmacologic Treatments for Non-Emergency
RAAS inhibitor-Related Hyperkalemia

Management of mild hyperkalemia in the ambulatory setting involves several treatment
options with consideration of potential adverse effects

Zirconium Dietary Modifica
cyclosilicate (low K* diet)

RAAS Inhibitor
discontinuation or

Ways to
Patiromer W manage mild
dose-reduction

hyperkalemia

Sodium polystyrene
sulfonate (SPS)

Rx, prescription; SZC, sodium zirconium cyclosilicate.
Hundemer GL, et al. Clin J Am Soc Nephrol. 2021;16:365-373; Weinstein J, et al. CMAJ. 2021;193:E1836-E1841.

K*-wasting diuretic
initiation or dose-increase

Low K+ Diet Is Often the First Step in Chronic

Hyperkalemia Management

Foods That Are High in K+ (> 200 mg per portion)

Vegetables

= Apricot, raw (2 medium) = Acorn Squash = Bran/Bran products

dried (5 halves) =  Artichoke * Chocolate (1.5-2 ounces)
* Avocado (% whole) = Bamboo Shoots = Granola
* Banana (%2 whole) = Baked Beans = Milk, all types (1 cup)
* Cantaloupe = Butternut Squash = Molasses (1 Tablespoon)
* Dates (5 whole) * Refried Beans *  Nutritional Supplements
*  Dried fruits = Beets, fresh then boiled = Nuts and Seeds (1 ounce)
= Figs, dried = Black Beans = Peanut Butter (2 tbs)
= Grapefruit Juice = Broccoli, cooked = Salt Substitutes/Lite Salt
* Honeydew = Brussels Sprouts =  Salt-Free Broth
= Kiwi (1 medium) = Chinese Cabbage * Yogurt
= Mango (1 medium) ® Carrots, raw
*  Nectarine (1 medium) *  Dried Beans and Peas
= Orange (1 medium) = Greens, except Kale

Orange Juice

National Kidney Foundation. Potassium and your CKD Diet




Drug-Induced Hyperkalemia

Medications Associated with Hyperkalemia

ACEi and ARB
K+ sparing diuretics, spironolactone

Sulfamethoxazole and trimethoprim, trimethoprim, pentamidine
NSAIDs

Beta blocker (both non-selective and B, selective)

Heparin

Digoxin (supratherapeutic levels)

= Succinylcholine (intubation in ICU, Surgery)*

« Calcineurin inhibitors (cyclosporine, tacrolimus [FK506))

.

rtondens, MycEafoes . . tharmal
biocker, NEAID = 2 .

Paknes BF N Bl boct 100435181 585-8%2 [T L TR ——

Association Between RAAS Inhibitor Discontinuation and

All-Cause Mortality in Patients With Low eGFR

Cumulative Incidence of All-Cause Mortality by ACE inhibitor
and ARB Discontinuation Status

Study Specifics:
Full sample eGFR <30 mL/min/1.73 m?

= N =3909; initially on

LA ACE-| or ARB therapy
w 097 N = Patients enrolled
§ o " . ACE-I/ARB treatment continued had eGFR
5 o8 = <30 mL/min/1.73m?
o &
8 5N A
Z 07 = = RAAS inhibitor
-;-; b discontinuation was
0.6 ~ : :
2 = associated with
5 ACE-I/ARB treatment discontinued “——._ -
= o5 — - increased all-cause
mortality
0.4 e
1 2 3 4 5 = RAAS inhibitor
Time Since Baseline, y discontinuation was also
No. at risk associated with
Continued 2674 2176 1709 1315 1023 770 : i
Discontinued 1235 876 643 482 355 265 increased incidence of

end-stage kidney
*Discontinuation of ACE-| or ARB therapy within 6 months after eGFR decreased to < 30 mL/min/1.73m?>. disease within 5 years*
ACE-, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; MACE, major adverse cardiovascular event; y, years.

Qiao Y, et al. JAMA Intern Med. 2020;180:718-726.
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Pharmacologic Treatments for Non-Emergency
RAAS inhibitor-Related Hyperkalemia

Management of mild hyperkalemia in the ambulatory setting involves several treatment
options with consideration of potential adverse effects

Zirconium Dietary Modification

cyclosilicate @(Iow K* diet)

E Ways to
Patiromer manage mild
hyperkalemia

Sodium polystyrene Qg3
sulfonate (SPS)

Rx, prescription; SZC, sodium zirconium cyclosilicate.

RAAS Inhibitor
discontinuation or
dose-reduction

K*-wasting diuretic
initiation or dose-increase

Hundemer GL, et al. Clin J Am Soc Nephrol. 2021;16:365-373; Weinstein J, et al. CMAJ. 2021;193:E1836-E1841.

Pharmacologic Treatments for Non-Emergency
RAAS inhibitor-Related Hyperkalemia

Management of mild hyperkalemia in the ambulatory setting involves several treatment
options with consideration of potential adverse effects

Zirconium Dietary Modification

cyclosilicate @(Iow K* diet)
> Ways to RAAS Inhibitor
Patiromer % manage mild discontinuation or

hyperkalemia dose-reduction
Sodium polystyrene
sulfonate (SPS

Rx, prescription; SZC, sodium zirconium cyclosilicate.

K*-wasting diuretic
initiation or dose-increase

Hundemer GL, et al. Clin J Am Soc Nephrol. 2021;16:365-373; Weinstein J, et al. CMAJ. 2021;193:E1836-E1841.




K* Binders for Treatment of Hyperkalemia

spsldl szchl

Mechanism Nonspecific cation binding in Selective K* binding in exchange for

of action exchange for Na* Na*and H*
Normokalemia can be achieved

Time to i L efficacy typically within 24 to 48 hours of

treatment at dosage of 10 g TID

Onset of effect Unknown (generally hours to days) 1 hour after first dose
Oral medications that exibit pH-
dependent bioavailability should be
administered at least 2 hours before or
2 hours after SZC.

Interactions with antacids, laxatives,
digitalis, sorbitol, lithium, and
thyroxine

Drug-drug interactions

i i Likely to be upper and lower
Location of K* binding Colon Y g fr'; o
Poor tolerability/adherence,
associated with colonic necrosis, Well tolerated but may cause edema
hypokalemia, electrolyte and mild-to-moderate Gl AEs
disturbances, and GI AEs

Safety/tolerability

There

Patiromerlc!

Nonspecific cation binding in exchange
for Ca?"

Achieves normokalemia
as early as 1 week*

K* levels reduced significantly
7 hours after first dose

Must be taken 3 hours before or after
other oral drugs

Distal colon predominantly

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

*Depending on severity of HK.
AE, adverse event; FDA, US Food and Drug Administration; SPS, sodium polystyrene sulfonate; SZC, zirconium cyclosilicate.

a. KAYEXALATE [product monograph]. Sanofi Canada Inc. 2018; : n; b. LOKELMA [product

Canada Inc. 2022;

hitps://www.astrazeneca.ca/en; . VELTASSA [product monograph]. Otsuka Canada Pharmaceutical Inc. 2020; available oniine: htips://otsukacanada.com/.

Sodium Polystyrene Sulfonate
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Pharmacologic Treatments for Non-Emergency
RAAS inhibitor-Related Hyperkalemia

Management of mild hyperkalemia in the ambulatory setting involves several treatment
options with consideration of potential adverse effects

Zirconium
cyclosilicate

Dietary Modification
(low K* diet)

Ways to RAAS Inhibitor

manage mild discontinuation or
hyperkalemia dose-reduction

Patiromer

Sodium polystyrene §
sulfonate (SPS)

R, SZC, sodium zirco
Hundemer GL, et al. Clin J Am Soc Nephrol. 2021;16:365-373; Weinstein J, et al. CMAJ. 2021;193:E1836-E1841.

K*-wasting diuretic
initiation or dose-increase

Risk of Hospitalization for Serious Adverse Gl Events Associated With
SPS Use in Patients of Advanced Age

Sodium polystyrene sulfonate use was associated with a 1.9-fold higher risk of hospitalization withii
30 days of initial prescription for adverse gastrointestinal events compared with nonuse

FDA Approval; 1961 in Canada | FDA Warning'®

Four years before requirement Cases of colonic necrosis and .
to prove safety and other serious gastrointestinal
AEs...
effectiveness (Kefauver a4 .
... concomitant administration of
Harris Drug Amendments)@.] e
sorbitol is not recommended .

1958 2009 2010

Additional Study Findings

No convincing evidence that
SPS increases fecal K* loss in
experimental animals or
humansP!

"Growing concern that

suspensions of SPS in sorbitol
can be harmful"e!

a.Sterns RN, et al. N Engl J Med. 2010;21;733-735; b. Sodium polystyrene sulfonate [PI]. Approved 1958. Revised July 2017; c. FDA warning with kayexalate. Accessed March 24, 2022.
da. label

hitps « 50221bl.pdf.

30-Day Probability of Gl Injury Requiring Hospitalization or
ER Visit Associated With SPS Use Compared With Nonuse*

of Gl Event

o Even Incidence
- (95%C) per 1000 HR (95% C1)
{9%), Ders Perso

H Matched cohort (20,020 with use and 20,020 with nonuse")
ssis] Use 37(02) 12(82) 2297 (1557, 3037) 194 (110-3.41)
Nonuse 18(0.) 1432 1.01(5.92,16.09)

09975
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time From Sodium Polystyrene Sulfonate Prescription, d

*Matched analysis adjusted for age, sex, diabetes, congestive heart, failure, prior acute kidney injury, chronic dialysis, history of HK, previous nephrologist visit, medication use
(B-blocker or renin-angiotensin-aldosterone system blockade), and index date (within 1year).

d, days; GI, gastrointestinal; IQR, interquartile range.
Noel JA, et al. JAMA Intern Med. 2019;179:1025-1033.




Pharmacologic Treatments for Non-Emergency
RAAS inhibitor-Related Hyperkalemia

Management of mild hyperkalemia in the ambulatory setting involves several treatment
options with consideration of potential adverse effects

Patiromer

Clinical Trials

12/16/2025

Zirconium
cyclosilicate

Patiromer %

Sodium polystyrene g;
sulfonate (SPS)

Rx, prescription; SZC, sodium zirconium cyclosilicate.

mgnage mild
perkalemia

Dietary Modification

(low K* diet)

A |

RAAS Inhibitor
discontinuation or
dose-reduction

E; K*-wasting diuretic
initiation or dose-increase

Hundemer GL, et al. Clin J Am Soc Nephrol. 2021;16:365-373; Weinstein J, et al. CMAJ. 2021;193:E1836-E1841.

Patient Population ‘Study treatment Primary Efficacy Outcomes
Pairts with chroric H (N =108 it LS mean change nserum K
penRLHE oy ol Radng LRAS L 022 mmou.win patomer
Phaso 2. randomized, double-bind. e B (s spironoiacton 25 mg/day) 23 ot o
placebo-controlled (28 days) or LS mean difference vs placebo: .
200 045 mmolt; P<.001 Patiromer:
i S "
i 5 iyl Evoam * First "newer
Patiromer 4.2, 8.4, of 126 ice daily ~0.35 mmol/L with patiromer 4.2 g + 1
“ IMGREN o ol win petromer 840 K* binder approved
AMETHYST-DN; ‘Outpatients with DKD and mild ~OLED M Wik puiomes 1215 (2015)

(5010 55 mmoL) or moderate

Phaso 2, randomizod, opon-iabol (28
day) (K" 55t0 6.0 mmol) HK:N =306

ModocatoH: ; s
Moderate HK: LS masn chango i sarum K = Calcium-binding
087 ol win patromer 84
Patiromor 8.4, 126, or 16.8 g twice daily «?é‘m"";’i‘f.'n“nélim ‘stz resonant; orking in

-0.92 mmolL with patiromer 168 9

the distal colon
bispuer- AN = AMETHYST-DN :

opaLHK Patiromer 42 (midHQor84g  Overolk 01 mmolL. (P<.001vs baseline)

s (moderate 1o severe HK) twice dally MidHK: -0.65 mmollL Largest, longest-

1) Treatment, sigle group,sigle- Paints with KO Moderate 0 severe H: 123 ol y .
bind thorapy with mid X" 5110 5.5 mmoir) term study with daily
weske) or moderte o severe
- (K55 10 6.5 mmol HIC N -237 Wit stage: use

2) Withdrawal, randomized, single- ‘Withdrawal stage: ‘Median change in K* to week &
bind, placebo-controlled (8 week) Patiromer (ot same dosage) or pacabo O mmolL. with patiromer

(K 3810 5.1 mmolA) +0.72 mmol. with placebo

P<.001vs placebo

Palmer BF, et al. Mayo Clin Proc. 2021,96:744-762; Patiromer [PI}. Approved 2015. Revised October 2015.

Patiromer

Clinical Trials

Patients with chronic HF (N = 105) with:

PEARL-HF 1) History of HK leading to RAAS inhibitor and/or
Phase 2, randomized, double-blind, placebo- B-blocker withdrawal
controlied (28 days) or
2)cKkD
AMETHYST-DN; Outpatients with DKD and

mild (K* 5.0 to 5.5 mmol/L) or

Etne 2 faxdowizadconan atel (25 G moderate (K' 5.5 10 6.0 mmol) HK; N = 306

OPALHK
Phase 3;2 stages:
Patients with CKD on RAAS inhibitor therapy with

1) Tresiment, gl grou, sl bing O

¢ d moderate-to-severe (K* 5.5 10 6.5 mmol/L) HK;

and N=237
2) Witharawal, randomized, single-biind,

placebo-controlied (8 weeks)

DKD, diabetic kidney disease; HF, heart failure. Palmer BF, et al. Mayo Clin Proc. 2021,96:744-762.

Patiromer 15 g or placebo twice daily
(plus spironolactone 25 mg/day)

Mild HK:
Patiromer 4.2, 8.4, or 12.6 g twice daily

Moderate HK:
Patiromer 8.4, 12.6, or 16.8 g twice daily

Treatment stage:

Patiromer 4.2 g (mild HK) or 8.4 g
(moderate-to-severe HK) twice daily

Withdrawal stage:

Patiromer (at same dosage) or placebo
(K* 3.8 10 5.1 mmolL)

Primary Efficacy Outcomes

LS mean change In serum K':
-0.22 mmol/L with patiromer
40.23 mmol/L with placebo
LS mean difference vs placebo:
-0.45 mmoliL; P <.001

Mild HK:
LS mean change In serum K':
-0.35 mmolL with patiromer 4.2 g
~0.51 mmolL with patiromer 8.4 g
-0.55 mmol/L with patiromer 12.6 g
Moderate HK:

LS mean change In serum K':
~0.87 mmol/L with patiromer 8.4
0,97 mmol/L with patiromer 12.6 g
~0.92 mmol/L with patiromer 16.8 g

Treatment stage:
Mean change In serum K" at week 4:
Overal: ~1.01 mmol/L (P <.001 vs baseline)
Mild HK: ~0.65 mmol/L.
Moderate-to-severe HK: 1.23 mmol/L

Withdrawal stage:
Median change In K' to week 4:
0 mmolL with patiromer
+0.72 mmol/L with placebo
P<.001vs placebo

Pharmacologic Treatments for Non-Emergency
RAAS inhibitor-Related Hyperkalemia

Management of mild hyperkalemia in the ambulatory setting involves several treatment
options with consideration of potential adverse effects

Zirconium Dietary Modification
cyclosilicate q (low K* diet)

Ways to
manage mild
hyperkalemia

RAAS Inhibitor
discontinuation or
dose-reduction

Patiromer %

A |

E; K*-wasting diuretic
initiation or dose-increase

Sodium polystyrene g;
sulfonate (SPS)

Rx, prescription; SZC, sodium zirconium cyclosilicate.
Hundemer GL, et al. Clin J Am Soc Nephrol. 2021;16:365-373; Weinstein J, et al. CMAJ. 2021;193:E1836-E1841.
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Co ché tac dung (MoA)

Sodium Zirconium Cyclosilicate

Tinh thé v co, khong hap thu vao mau, khong tan, bét gitr K* chon loc

@ S« bat giir K* xuyén suét dwong tiéu hoa

Chon loc véi K* >125x so voi (-] Khdng anh hwéng dén dién giai Ca?* and Mg?*
SPS (thudc gén két kali truyén thng)

o - . "SZC chon loc véi K* gap >25 [an
DBuaong kinh 16 trao doiion SZC la 3A

0 v&i Ca2* hogc Mg2*

Duong kinh K* ~3 A, “Vira khit” vai cac 15 trén
bé mit ctia SZC

Gl = gastrintestinal; SPS = sodium polystyrene sulfonate; SZC = sodum zicorium cyclosilcate.
Stauros F etal. PLoS One. 2014,9(12)e114686

Cac thudc gan kali m&i véi mot sé nghién clru trén bénh nhan loc mau

Table 3. Summary of studies investigating patiromer and SZC in patients on hemodialysis
Study, yr (n) Study design Treatment Key outcomes

Bushinsky ef al, 2016 ()™ Non-R  Palitomer 4.2 g TID for 1 wk vs. 1 wk prereatment Mean = SE serum K difference on patiromer day 7 vs.
comesponding prereatment day:
0.6 4 0.2 mmol/l (P = 0.009)
Percent of daily serum K* values =5.5 mmol/:
38% on patiomer vs. 69% pretreatment (P = 0.008)
Fecal K* excrefion increosed by 58% on patiromer vs. pretreatment (P = 0.02)

Kovesdy ef al, 2019 (10,126)” RW Patiromer OD (n = 527) Mean change in serum K* before vs. after patiromer initiation:
SPS (n = 852) 30 d: -0.47 mmol/l (P < 0.001)
No K*-binder (n = 8747); median follow-up 141 d 60 d: -0.49 mmol/l (P < 0.001)

90 d: -0.50 mmolAl (P < 0.001)
Percent of patients with serum K* =6.0 mmol/l before vs. affer patiromer:
30 d: 49% vs. 24% (P < 0.001)
60 d: 48% vs. 20% (P < 0.001)
90 d: 48% vs. 22% (P < 0.001
DIALZE, 2019 (196)"° R DB, PC  SIC5-15 (1= 97) vs. PBO (= 99) OD on Patients maintaining prediolysis serum K* 4.0-5.0 mmol ffer long
nondialysis days for 4 wk DI during =3 of 4 HD sessions” on SZC vs. PBO:
41% vs 1% (P < 0.001)
Introdialytc K* Shifls? on SZC vs. PBO:
At randomization: 2.0 vs. 2.1 mmol1
Wk 3-9: 1.4-1.5 mmol/l vs. 1.9-2.0 mmol1

DB, double-blind; IDI, interdialytic interval; K, potassium; 0D, once daily; PBO, placebo; PC, placebo-contralled; R, randomized; RW, real-world; SPS, sodium polystyrene sulfonate; SZC,
sodium zirconium cyclosilicate; TID, 3 times daily.

*Without the need for rescue therapy.

*Difference between pre- and postdialysis serum K*.

Kidney International Reports (2020) 5, 779-789

HARMONIZE — SZC khé1i phat tic dung trong 1 git, dua kali mau vé mirc binh
thwong trong vong 4-7 gio, kiém soat kali mau on dinh dén 1 nam diéu tri

- . " Ngirng LOKELMA dan dén
Giam nhanh K* mau ‘ Dén1nam P4 ting nong do K* mau

6.0

LOKELMA10gTID @ Placebo  MLOKELMAS5g:  MELOKELMA10g NN LOKELMA 15¢° M LOKELMA tirated dose
(N=258) (n=82) (n=45) (n=50) (n=54) (N=123)

Mean (95% CI) serum
K (mmol/L),

T T T T T T T T T T
1 s 9 13 17 21 25 29 WP 53 43§ 8 13 w1 1@ 25 28 &1 a9 W
8L

o
Thoi gian - giv Tho gian - Ngay Tha gian - Ngdy -
Open-label CP Randomised, double-bind maintenance phase Open-label maintenance phase
(48 hours)! (Days 1-29; QD dosing?)!

« Nghién ccru pha IIl, da trung tam, thye hién trén 258 bénh nhan bénh than man, bénh tim mach, tir 44 trung tam & US, Nam Phi, Uc bj téng kali mau 25,1 mmol/L.
* Muc tiéu danh gia kali mau khi diing Lokelma vs placebo tai ngay thir 8-29 va ty & bénh nhan dat kali mau <5,1 mmol/L trong 11 thang sau do

. Z5-005 — SZC giap 88% bénh nhén
duy tri nong d6 kali mau binh thuong xuyén suot 1 nam

Pha didu chinh
(N=748)

—_— Pha duy tri
| | (N=646* tu thang 3-
o 12)
« 993 993t 998t
£ 100 883t
78%

g g0
@
m
o 60

40

20

0

3.5 to 5.0 3.5 to 5.5 <5.1 <5.5 3.5 to 5.5 Mc kali mau, mmol/L
. Nohid. G %S 111 £id % = + LA ha 3 tha hid. s 1 bénh ha th hLid 2 &

3550 mmaL o

oy

mmaiL Q0 masinum 159 QD) e
1 Kosborod .ot JALA 201431221 2225235, 2 RogerS0. 15 i Nophol 2016506473460

trung tam (US, Australia, Europe, South Africa) dugc xdc nhan 1a tdng kali mau 25,1 mmol/L, khéng thuc
hién cac liéu phap &n kiéng (CKD: 65%, HF: 11%, T2D: 64%, HIN: 83%).

+ Tiéu chi chinh: % Bénh nhan dat duoc ndng d6 kali mau binh thudng trong pha dilu chinh va pha duy tri

o




75-005 — SZC gitip duy tri RAASI 1én dén 74%
va tang ~ 14% bénh nhan khéi tri RAASI

. L]
Bénh nhan DA str dung RAASI

Banh nhan CHUA st dung RAASH

Duy tri Tang uth[Yl tri !
lieu RAASI lieu RAASI* Liéu phap RAASI
60 Duy tri lidu = Giam liéu = Ngirng thubc

Xéa di ndi lo giam liéu/
dirng thuéc RAASi do
tang kali mau gay ra

HK events
(%)

Tang kali mau nhe Tang kali mau trung binh dén ning
(K* 5.1-5.4 mEq/L) (K* 25.5 mEq/L)
23,556 events 11,608 events

*Multiple dose increases and de
RAASi = renin-angiot tem inhibitor.
Roger 5D et al.

HK, RAAS, gl system inhibitor
Epstein M, et al. Am J Monog Car: 11):5212-5220
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Can potassium
binders be used in
hemodialysis?

Sw dao déng cuia néng do kali huyét sau loc mau cé nguy co’
gay tang roi loan nhijp tim

Méc du trong mot budi loc mau thong thuwdng kéo dai 3—4 gid co tir 80—100 mEq kali dworc loai
bd, nhung hiéu qua bj gi¢i han do lwgng kali tr ndi bao nhanh chéng dwoc bu lai sau khi loc

Su dao dong clia ndng

d06 kali huyét thanh lién
K* quan dén chay than nhan
tao lam tang phén cuc
mang té bao tir d6 dan
dén nguy co tang réi loan
Change in serum K* over time during and after HD nhip tim

Dé do ndng dd kali huyét
thanh & bénh nhan dang
chay than nhan tao, can

Dialytic K*
removal

Lower dialysate K*
concentrations ..
cause greater

Serum K*

dialytic K* removal HD Postdialysis phai cho 34 gio sau khi
loc mau dé quan sat gia
Time (hours) tri 6n dinh

. Sterns &, et al. Kidney Int 201

554; 2. Kovesdy C. Nat Rev Nephrol 2014710653662

Nghién ctru DIALIZE: SZC giup kiém soat 6n dinh ndng do kali
mau trwéc loc trén bénh nhan chay than nhan tao

Thir nghiém giai doan Illb c6 déi chirng gia dwoc dé danh gia hiéu qua va an toan cia SZC trong diéu tri
tang kali mau trudc loc mau@ trén bénh nhan bénh than giai doan cudi dang loc mau n dinh?

Visit t 2 3|4 5 6|7 75 8|0 95|10 105/11 11.5{12 125/13 135 (14 145| 15 16 Trong giai doan didu tri (1), cac bénh nhan
Week - 1 2 3 4 5 6 7 8 o 11 duwoc phan ngu nhién 1:1 dé& uong liéu khoi
3

d4u SZC 5 g hogc gia dugc mdi ngay mot lan
(Ngay loc méw Day -7 -5 3|1 58 10 1215 17|22 24 |20 31 (36 38 43 45 |50 52 (577} 9 noscd o 9y mo

23 tai cac ngay khong loc mau (n=196)
L L L L i i L L L N N
Tiéu chi chinh Ia ty 1& bénh nhan duoc ghi
SZC once daily on non-dialysie days for 8 weeks ‘ nhén la “dap ng”, dwoc dinh nghia la nhirng

bénh nhan duy tri dugc kali mau 4.0-5.0

S mmol/L, tai téi thiéu 3/4 1an danh gia sudt 4
tuan (Il) sau khoang thoi gian gita cac 1an loc
mau dai ( khoang cach > 1 ngay) va khéng
cAn céc lidu phap cép ciu

PBO once dally on non-dialysis days for 8 weeks |

| | Dose titration (4 weeks)

Evaluation (4 weeks) (T
1
I I I)

Screening Treatment period (L Follow-up
(2 weeks)

Figure 1. The DIALIZE study design. L, visit after the long interdialytic interval; PBO, placebo; R, randomization; SZC, sodium zirco-
nium cyclosilicate.

Hina,

1. Fishbane S et al. Article and supplemental data. J An Soc Nephrol. 2019;30(9):1723-1733




DIALIZE: SZC cho thay ty 1&é bénh nhan kiém‘soét kali mau 6n
dinh 4.0-5.0 mmol/L trwéc loc cao hon nhiéu lan gia dwoc

Ty 1& bénh nhan dap (ng? (duy tri ndng d6 K* huyét thanh tredc loc mau trong khoang 4,0-5,0 mmol/L) cao hon
dang ké& & nhém dung SZC so véi nhém ding gia dwoc. Két qua phan tich dd nhay phu hop véi phan tich chinh®

100
Odds ratio 68.8 ! odds ratio 35.5
& 80 (95% CI 10.9-2810.9) : (95% CI 8.5-309.5)
k| p<0.001 | p<0.001
o
« ! W SZC (n=97
g @0 1 (n=91)
~ 41.2 1 42.3 M Gia dwoc (n=99)
£ o (n=d.. I (n=41)
@
a So 1
@ 1
1
& 20 1
2.0
1.0 1
(n"1) 1 (n2)
0
Tiéu chi chinh Phan tich dé nhay

ed a5 patients who, during the 0 mmol/L during 23 out of 4 HD treatment.
Lla

icted to account for nonresponders with

rconiun eyelosilicate

Hin

Fishbane S et al. Article and supplemental data. J An Soc Nephrol. 2019;30(9):1723-1733
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DIALIZE — Ngay khéng loc mau an toan nhw ngay dwoc loc mau

S2C Placebo
6 W
=
3
£
Es5
g K s o o'V = g
= —@— Trwocloc —@— Tricloc
> - Saloe R | P A Saulc
s NBng dé K* mau trung binh trwéc loc | va sau loc mau tai mai thor diém danh gia
E
2
4
A kg
-----  —
A g,
Ngaytsi 1 2 3 4 5 6 7 8 9 0 it 12 13 44 6 16 1 2 3 4 5 6 7 & 9 1 1 2 3 # 15
Khi L L LoLoL L L L LoLLoLL
am sangloc Glai doan chinh Ifeu Gia doan dénh gia Gl doan sang loc Giai doan chinh ieu Gial doandah G o theo
o0 doi gia o

iu trj véi SZC 59 1 fan mi ngay vao nhirng ngay khong loc méu

tri tir 5-15g/ ngay

Nghién ciru pha 3b, ngau nhién, mii ddi, trén 196 bénh nhéan bénh than loc mau 3 fan
hoic gia dugc, sau do ti wu lidu

Str dung SZC dé kiém soat 6n dinh néng dé kali mau trwéc loc
giup giam nguy co rung nhi va cac roi loan nhip tim khac

Ty Ié rdi loan nhip tim cé y nghia lam sang®: V4 tam thu (Khéng cé dan
truyén that 23 gidy), nhip tim cham (40 nhip/phat trong 26 gidy), nhip tim
nhanh trén that va nhip nhanh that (2130 nhip/phut trong 230 giay)

Ty I& rung nhi 2 (Tiéu chi chinh): Nhip tim khéng déu va
Kkhodng R-R khéng c6 séng P xac dinh trong hon 22 phut

8 16 134 g . 102

o,
48% 53%
[ M
g H 6.8
7 noe
H Lower Rates !é Lower Rates
L e IRR 0.52° o IRR 0.47¢
& (95% CI, 0.4110 0.65) g (95% CI, 0.3810 0.58)
bl .0001
) p<0.0001 i p<0.000
g
- 3
d 2

0

events were in 6 participants on 3.0 mmol/L K+ dialysate and 3_even

on 3.0 mmol/L K+ dialysate a

Charytan DM et al. In press, pre-proof. Kidney Int. 2024

KET LUAN

Céc bénh nhan chay than nhan tao c6 nguy co tang kali mau cao va dé tai phat, dac biét tai thoi
@ diém trudc loc gitka hai 1an loc mau cach nhau dai ngay, lam ting nguy co t&r vong va céc bién cb
tim mach

Céc liéu phap x tri tang kali mau trén bénh nhan chay than nhan tao van con nhiéu thach thirc:

- Loc méau van cé sy dao dong kali mau khong &n dinh va chénh léch kali trwéc - sau loc dé
‘CJ" gay rdi loan nhip tim.
- Ché d0 an thuong kho tuan thi va cé thé trai nguoc vai ché do an cé loi cho tim mach

- Giam lidu céc thuéc nguy co nhw RASI ¢6 thé din dén tang nguy co tim mach va tir vong

Natri Zirconium Cyclosilicate (SZC) v&i ciu tric doc dao, gitp kiém soat kali mau nhanh & bn dinh.
éé@ Céc béng ching cho thay kiém soat &n dinh kali mau trwéc loc trong subt giai doan loc mau va cé
thé giam cac bién c6 nhw rung nhi va cac réi loan nhip tim khac

Hina,
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Overview of Novel Potassium Binders

1 S I

Mechants of action Nonspecific cation binding Selective K+ binding

in exchange for Ca2* in exchange for Na* and H*
Achieves normokalemia as early as 1week,
depending on severity of hyperkalemia

Time to normokalemia® 84% of patients normokalemic within 24 hours

Onset of effect’ 5;51:"9'5 reduced significantly 7 hours after first o yian time to normalization 2.2 hours
- . Other oral drugs administered at least 3 hours Other oral drugs administered at least 2 hours
Drug-drug interactions ”
before or after patiromer before or after SZC
Location of potassium binding Distal colon predominantly Likely to be upper and lower Gl tract (not proven)

Well tolerated, but may cause hypomagnesemia ;
Safety/tolerability and Gl AEs, such as mild to moderate el et D ey cause caema ke
constipation

“There are no head-to-head studies comparing patiromer and SZC; clinical trials were conducted under widely varying conditions.

"These agents should not be used for treatment of if ia because of their delayed onset of action. Patients in the clinical trials were evaluated as
outpatients.

a. Veltassa® (patiromer) [PI]. 2021; b. Bakris et al. JAMA. 2015;314:151-161; c. Lokelma® (sodium zirconium cyclosilicate) [PI]. 2020; d. Kosiborod M, et al. JAMA. 2014;312:2223-2233.




