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Expert Panel Recommendations for the Identification and
Management of Hyperkalemia and Role of Patiromer in Patients
with Chronic Kidney Disease and Heart Failure

Zubaid Rafique, MD, FACEP; Matthew R. Weir, MD; Macaulay Onuigbo, MD, MSc, FWACP, FASN, MBA;
Bertram Pitt, MD; Richard Lafayette, MD; Javed Butler, MD; Maria Lopes, MD; Carolyn Farnum, BS;
and W. Frank Peacock, MD, FACEP, FACC

SUMMARY

Virtual panel meetings were conducted among 7 physicians, all of whom are
independent experts, including 3 nephrologists, 2 cardiologists, and 2 emer-
gency medicine physicians (the panel). The panel met with the purpose of
discussing the current treatment landscape, treatment challenges, economic
impact, and gaps in care for patients with hyperkalemia that is associated
with heart failure and chronic kidney disease. The stated goal of the panel
discussion was to develop practical solutions in the identification and man-
agement of hyperkalemia in this patient population.

The panel noted that hyperkalemia is a serious condition that can lead to
life-threatening complications, yet the treatment paradigm for hyperkalemia
has remained without major advances for approximately 50 years, until the
approval of patiromer.

A number of issues still exist in the management of this patient population,
including the lack of uniform treatment guidelines and consensus regarding
the approach to treatment. As part of its effort, the panel developed an algo-
rithm, the Proposed Diagnostic Algorithm for Hyperkalemia Treatment in the
Acute Care Setting/Chronic Care. The panel agreed that patiromer appears
to be a viable option for the management of hyperkalemia in patients with
chronic kidney disease and/or heart failure and in patients who experience
chronic hyperkalemia.

J Manag Care Spec Pharm. 2017;23(4-a):S10-S19
Copyright © 2017, Academy of Managed Care Pharmacy. All rights reserved.

yperkalemia is a life-threatening condition that can
Hpresent acutely or chronically and is characterized

by elevated serum potassium levels greater than 5.0
or 5.5 mEq/L.}? Severe hyperkalemia is defined as having a
serum potassium level greater than 6.0 mEq/L.? Hyperkalemia
is associated with serious medical conditions such as car-
diac arrhythmias, ventricular fibrillation, and sudden cardiac
death.! Hyperkalemia can be the result of various acute and
chronic conditions that affect potassium homeostasis and com-
monly occurs in patients with chronic kidney disease (CKD),
heart failure (HF), and diabetes mellitus (DM).2* Even when
treated rapidly and appropriately, mortality for patients with
severe hyperkalemia may be greater than 30%.3

Methods for Creation of this Document
Virtual panel meetings were conducted among a total of 7
physicians, all of whom are independent experts, including
3 nephrologists, 2 cardiologists, and 2 emergency medicine
physicians (the panel). The panel met with the purpose of
discussing the current treatment landscape, treatment chal-
lenges, economic impact, and gaps in care for patients with
hyperkalemia that is associated with HF and CKD. The stated

goal of the panel discussion was to develop practical solutions
in the identification and management of hyperkalemia in this
patient population. One large challenge in the treatment of this
condition is that there is a lack of consensus regarding its man-
agement, particularly in the acute and chronic settings. This is
problematic, as the treatment of this condition is costly, and
wide variability among treatment approaches has the potential
to result in unnecessary increases in treatment costs. The panel
explored the role of traditional management strategies and
pipeline and recently introduced treatments such as patiromer
(Veltassa, Relypsa) in the treatment of hyperkalemia in patients
with HF and CKD. Resources that may be of use to providers
in the treatment of this patient population were also discussed.

Epidemiology

Patients who are at the highest risk of hyperkalemia are those
with CKD stages 3-4, DM, HF, and any combination of these
conditions, as well as patients who are being treated with
drugs that inhibit renal potassium excretion, such as renin-
angiotensin-aldosterone system (RAAS) inhibitors.?* In a
study conducted by Latts et al. (2015), which evaluated the
5-year prevalence of hyperkalemia in approximately 1.7 mil-
lion patients, 47.6% of patients in stages 3 or 4 CKD with HF
had at least 1 episode of hyperkalemia compared with 8.5%
of patients in the comparison group, which was composed of
patients who did not have CKD stage 2 or higher, end-stage
renal disease (ESRD), HF, or DM.* Overall, of the 15.8% of
patients who experienced at least 1 hyperkalemia event, 9.8%
had at least 1 mild hyperkalemia event and 6.1% had moderate/
severe events.* Hyperkalemia was classified as mild (K* 5.1 to
54 mEq/L) or moderate/severe (K'>5.5 mEq/L) based on the
highest measured value.* Additionally, 8.5% of individuals in
the control group experienced a hyperkalemia event compared
to 23.5% of patients with HF, 29.5% with CKD stages 3-4, and
47.6% with HF and CKD stages 3-4.

The prevalence of hyperkalemia was generally higher in
patients 65 years of age and older than in individuals with
similar comorbidities who were younger than 65 years of age.*
In addition, patients with DM, HF, CKD stages 3-4, and com-
binations of these conditions were 2.5 to 5.6 times more likely
to experience hyperkalemia versus the cohort without any of
these conditions. The authors of the study concluded that as
medical comorbidity increases, either through declining renal
function or through the development of other concomitant
conditions, the prevalence of hyperkalemia also increases.
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Expert Panel Recommendations for the Identification and Management of Hyperkalemia
and Role of Patiromer in Patients with Chronic Kidney Disease and Heart Failure

2014 National Statistics. First-Listed
Diagnosis Only: Outcomes by ICD-9-CM
Code 276.7, Hyperpotassemia’

2014 National Statistics. Principal
Diagnosis Only: Outcomes by ICD-9-CM
Code 276.7, Hyperpotassemia?®

ED Visits 276.7
with Hyperpotassemia| Standard Errors
Al tAiE“SSSI(’n Discharsed Total number of discharges 40,380 989
o the Same | Discharge

ED Visits Hospital | from the ED ig: jays Emezr}) ) ;(3) OI‘\?/ZZ

Total number of visits 76,028 35,166 40,862 SR I '
— - — = Charges, $ (mean) 29,181 789
ED visits with admission to the 35,166 35,166 ch S dian) 17411 N/A
same hospital, n (%) (46.25) (100.00) arges, $ (median >
Died during ED visit, n (%) 168 N/A 168 Costs, $ (mean) 1472 178
0.41) 0.41) Costs, $ (median) 4,863 N/A
Died during hospital stay, n (%) 482 482 N/A Aggregate costs, $ 302,665,865 8,478,278
1.37) 1.37) Aggregate charges, $ (the “national bill”) 1,181,305,044 36,352,360
aStatistics based on estimates with a relative standard error (standard error/ In-hospital deaths, n (%) 615 (1.52) 57 (0.19
weighted estimate) greater than 0.30 or with standard error=0 in the nationwide Routine discharge, n (%) 27,335 (67.69) 853 (0.74)
statistics (NIS, NEDS, and KID) are not reliable. These statistics are suppressed. Another short-term hospital, n (%) 335 (0.83) 42 (0.10)
ED=emergency department; ICD-9-CM= International Classification of Diseases, Another institution 5,960 (14.76) 193 (0.49)
Ninth Revision, Clinical Modification; KID=Kids’ Inpatient Database; N/A=not (nursing home, rehab), n (%)
applicable; NEDS = Nationwide Emergency Department Sample; NIS=National Home health care, n (%) 4655 (11.53) 177 (043)
Inpatient Sample. Against medical advice, n (%) 1440 (3.57) 99 (0.22)
Missing discharge status, n (%) 2 2

Although the incidence and prevalence of hyperkalemia in
the general population have not been extensively studied, some
studies conducted among hospitalized patients have estimated
the prevalence to be between 1 and 10 per 100 patients.
In addition, some retrospective analyses have reported that
the prevalence of hyperkalemia is between 2.5% and 3.2%
in populations with diverse risk factors, although the actual
prevalence is dependent upon the patient population being
studied and the serum potassium threshold used to determine
hyperkalemia.2® Nonetheless, the presence of CKD is consis-
tently associated with hyperkalemia.

Economic Impact

In the United States, hyperkalemia represents a considerable
economic, societal, and health system burden. The financial
burden of the condition is largely a result of the costs associ-
ated with emergency department (ED) visits, inpatient stays,
pharmacological treatments, and disease-related mortality.
Additionally, there are considerable costs associated with
adverse outcomes that occur as a result of suboptimal use of
RAAS inhibitor therapy, which may be due to discontinuation
or down-titration of the treatment based on concerns about
hyperkalemia.

ED visits for hyperkalemia or hyperpotassemia were exam-
ined using discharge data from the Nationwide Emergency
Department Sample (NEDS), Healthcare Cost and Utilization
Project (HCUP), and Agency for Healthcare Research and
Quality (AHRQ). Data indicated that there were 76,028 visits
to the ED with a primary diagnosis of hyperkalemia (hyperpo-
tassemia; International Classification of Diseases, Ninth Revision,

www jmcp.org  Vol. 23, No. 4-a  April 2017

aStatistics based on estimates with a relative standard error (standard error/
weighted estimate) greater than 0.30 or with standard error=0 in the nationwide
statistics (NIS, NEDS, and KID) are not reliable. These statistics are suppressed.
ICD-9-CM=International Classification of Diseases, Ninth Revision, Clinical
Modification; LOS =length of stay; KID=Kids’ Inpatient Database; N/A=not
applicable; NEDS = Nationwide Emergency Department Sample; NIS = National
Inpatient Sample.

Clinical Modification [ICD-9-CM] code 276.7) in 2014. Of these
visits, 35,166 were ED visits with admission to the same hospi-
tal, and 40,862 represented discharges from the ED (Table 1).
In addition, regional cost differences for hyperkalemia admis-
sions were examined using discharge data from the National
Inpatient Sample (NIS), HCUP, and AHRQ.® For the patients
admitted, there was an average length of stay of 3.3 days, with
an average charge of $29,181 per stay (Table 2).® These data
suggest that hyperkalemia is associated with increased ED vis-
its and hospitalizations, both of which result in increased costs.
Additionally, hyperkalemia predominantly affects the Medicare
population compared to patients with other types of insurance
(Table 3).® National and state statistics differences by payer type
were examined using discharge data from the NIS, HCUP, and
AHRQ.® These data from 2014 indicated that where hyper-
kalemia was listed as the primary diagnosis, 66.42% of the
patients were Medicare beneficiaries, and over $821 million of
the national bill was accounted for by these individuals’ costs.®

A study conducted by Jain et al. (2012) further emphasized
that hospitalization rates and mortality were higher in patients
with hyperkalemia and cardiovascular disease (CVD) than
in those without CVD.” In this retrospective analysis that
evaluated all-cause mortality in patients with CVD who were
receiving treatment with antihypertensive drugs, patients who

JmcP Supplement to Journal of Managed Care & Specialty Pharmacy S11



Expert Panel Recommendations for the Identification and Management of Hyperkalemia
and Role of Patiromer in Patients with Chronic Kidney Disease and Heart Failure

Code 276.1, Hyperpotassemia?®

2014 National Statistics. Principal Diagnosis: Outcomes for ICD-9-CM Principal Diagnosis

All Payers Combined Medicare Medicaid Private Insurance Uninsured
Total number of discharges, n (%) 40,380 (100.00) 26,820 (66.42) 6,795 (16.83) 4,510 (11.17) 1,585 (3.93)
LOS, days (mean) 3.3 3.5 3.0 29 2.5
LOS, days (median) 2.0 2.0 2.0 2.0 1.0
Charges, $ (mean) 29,181 30,543 27,181 25432 21,536
Charges, $ (median) 17411 18,167 16,925 15,719 12,710
Aggregate charges, $ (the “national bill”) 1,181,305,044 821,122,977 184,893,947 115,314,419 34,134,190

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; LOS = length of stay.

had hyperkalemia demonstrated higher rates of hospitaliza-
tion compared to those with normokalemia (7.80% vs. 5.04%,
respectively; P=0.0001) and higher mortality rates (6.25% vs.
2.92%, respectively; P=0.0001).°

In a retrospective analysis performed by Einhorn et al.
(2009), researchers evaluated the occurrence of hyperka-
lemia among 245,808 Veterans Affairs patients with and
without CKD in the ambulatory and hospital settings.? The
results of the analysis indicated that among patients receiving
RAAS inhibitors, specifically angiotensin-converting enzyme
(ACE) inhibitors or angiotensin-II receptor blockers (ARBs),
hyperkalemia occurred at a higher rate in patients with CKD
than in those without (7.67 vs. 2.30 per 100 patient-months;
P<0.001).2

ACE inhibitors and ARBs are commonly used in the treat-
ment of patients with CKD, DM, and/or HF; however, due to
concerns over the development of hyperkalemia, these RAAS
inhibitors may be prescribed at suboptimal doses or not at all,
which may be detrimental to long-term outcomes and contrib-
ute to increased medical expenditures.’®!! A budget impact
model was developed to estimate the potential benefits of
losartan by modeling a patient cohort similar to the treatment
groups included in the RENAAL (Reduction of Endpoints in
NIDDM with the Angiotensin II Antagonist Losartan) trial.!!
The model was developed to simulate the 10-year cost savings
and outcome improvements of renoprotective therapy, specifi-
cally losartan, for a cohort of privately insured patients with
diabetes and advanced CKD, compared to no treatment.!! For
the best-case scenario, which assumed a patient cohort that
matched the patient population observed in the RENAAL trial,
the estimated annual cost savings were $10,990 per patient
after 10 years of treatment with losartan.!" For the conserva-
tive scenario, which assumed a patient cohort of less acutely
ill patients, the estimated annual cost savings were $5,659 per
patient by year 10 among patients treated with losartan.!!

Current Approaches to Treatment and Gaps in Care
The panel indicated that there are no clear, specific, stan-
dardized guidelines for the management of hyperkalemia in
patients with CKD and/or HF, which is problematic given that

$12 Supplement to Journal of Managed Care & Specialty Pharmacy jmcr

hyperkalemia can often be a life-threatening condition. The
panel noted that the approach to treatment can be highly vari-
able and may be affected by a variety of factors. For example,
nephrologists and cardiologists stated that if a patient has a
serum potassium level of 5.8 mEq/L, the provider may decide
not to treat immediately but instead wait a few weeks, repeat
the test, and potentially initiate treatment based on the subse-
quent lab results. These panel participants further explained
that their colleagues who treat a patient with the same potas-
sium level may decide to utilize a different approach and initi-
ate treatment immediately.

Physicians on the panel who work in the ED indicated that
elevated potassium levels typically result in immediate treat-
ment, followed by a referral based on the specific level. If the
potassium level is 6 mEq/L or greater, the patient will receive
an emergency referral to nephrology for dialysis; however, if
the level is less than 6 mEq/L, non-ESRD patients are typically
discharged home for outpatient follow-up with their primary
care physician. The panel also indicated that internal medicine
physicians may want to manage hyperkalemia without referral
to a specialist. The panel discussions revealed that approaches
to treatment may depend on the site of care, physician spe-
cialty, and comfort level of the physician in treating hyperka-
lemia in patients with baseline renal dysfunction and medical
comorbidities.

Among the medications that can lead to or worsen hyper-
kalemia, RAAS inhibitors are major contributors. This is prob-
lematic as these medications have been shown to reduce mor-
bidity and mortality in patients with CKD, DM, and CVD.1*
RAAS inhibitors, irrespective of dose but especially at higher
doses, can cause hyperkalemia, thereby limiting their use at
optimal doses for cardiorenal protection.!” In patients with
hypertension who do not have risk factors for hyperkalemia,
treatment with RAAS inhibitor monotherapy is associated with
an incidence of hyperkalemia below 2% but increases to 5%
when dual RAAS inhibition is used.!® The incidence of hyper-
kalemia is even greater in patients with HF or CKD and ranges
from 5% to 10%.

In a study performed by Epstein et al. (2015), patients
receiving RAAS inhibitors who had hyperkalemia were subject

Vol. 23, No. 4-a  April 2017  www.jmcp.org



TABLE 4

Expert Panel Recommendations for the Identification and Management of Hyperkalemia
and Role of Patiromer in Patients with Chronic Kidney Disease and Heart Failure

Treatment Options for Hyperkalemia in Emergency, Subacute/Nonemergent/Intermediate,
and Chronic/Maintenance Settings

Treatment
Strategy

Mechanism
of Action

Advantages

Limitations

Clinical Setting

Beta2-adrenergic
receptor agonists

K* redistribution into
the intracellular space

Onset of action (~30 minutes)

Effect is independent of insulin
and aldosterone

Short duration, inconsistent effect (2-4 hours)
Does not reduce total Kt levels

Use with caution in ischemic heart disease
(risk of tachycardia)

Emergency treatment

Insulin glucose

K* redistribution into
the intracellular space

Onset of action within 30 minutes
Effects last 4-6 hours

Risk of hypoglycemia

Does not reduce total K* levels

Emergency treatment

Calcium Membrane Onset of action in 1-3 minutes Short duration of effect (30-60 minutes) Emergency treatment
gluconate stabilization Efficacy can be monitored with | Serum K* level is unaffected
ECG and dose can be repeated if | Ayoid in patients receiving digoxin
no changes observed (risk of digoxin toxicity)
Risk of hypercalcemia
Sodium K* redistribution into | Evidence is mixed No immediate reductions in serum K*; Intermediate/nonemergent/
bicarbonate the intracellular space | pocommended when acidosis is | €ffects may be observed after 4-6 hours subacute care setting
When administered | the cause of hyperkalemia Risk of metabolic alkalosis and volume Adjunct treatment in emergent
by infusion over 4-6 overload setting once emergency
hours, it may enhance Longer follow-up data were not available treatments have been started
urinary K* excretion from RCTs
Diuretics K* elimination Onset of action depends on start | Efficacy depends on residual renal Intermediate/nonemergent/
of diuresis function (until diuresis is present) subacute care setting (loop
Beneficial in patients with Increased risk for gout and volume depletion diuretics)
volume expansion May produce volume contraction, Ad]gnct treatment in emergent
decreased distal nephron flow, worsening | SCUNg once emergency
of kidney function, and reduced K* treatments have been started
excretion Chronic/maintenance treatment
(loop or thiazide diuretics)
Dialysis K* elimination Onset of action within minutes | Limitations and complications inherent to | Intermediate/nonemergent/
(hemodlalysw, Effects lasting until end of egch d1a1y51§ modahly (i.e., arrhythmias subacute care setting
gerftopeal dialysis or longer with hemodialysis) Adjunct treatment in emergent
ialysis) setting once emergency
treatments have been started
Chronic/maintenance treatment
Sodium K* elimination Efficacy of 6.9 days No consistent evidence of efficacy Adjunct treatment in emergent
polystyrene Effects may last 4-6 hours longer | Serious GI AEs reported, including fatal | StlNg once emergency
sulfonate treatments have been started

depending on ongoing potassium
intake or cellular redistribution

cases of intestinal necrosis

Caution with sodium loads in patients
with CHF, hypertension, or edema

Chronic/maintenance treatment

Low-potassium
diet

Reducing potassium
intake

May improve metabolic acidosis
in CKD

Difficult to adhere to a low-potassium diet

Limiting K* rich foods can cause
constipation

Contradicts the DASH diet; may worsen
chronic hypertension

Chronic/maintenance treatment

Discontinuation/
dose reduction of
RAAS inhibitors

Identification and
interruption of
hyperkalemia-
inducing medications

Prevention of recurrent
hyperkalemia events

Stopping or suboptimal utilization of
renal/cardioprotective RAAS inhibitor
therapy

Chronic/maintenance treatment

Patiromer for oral
suspension

K* elimination

Onset of action 7 hours
Management of hyperkalemia

Can take 3 hours before or after any
medication

Patiromer decreased the systemic
exposure of coadministered ciprofloxacin,
metformin, and levothyroxine. However,
there was no interaction when patiromer
and these drugs were taken 3 hours
apart30

No data to date to show efficacy in the
acute setting

Adjunct treatment in emergent
setting once emergency
treatments have been started

Chronic/maintenance treatment

AE=adverse event; CHF = congestive heart failure; CKD = chronic kidney disease; DASH = Dietary Approaches to Stop Hypertension; ECG = electrocardiographic;
GI=gastrointestinal; RAAS =renin-angiotensin-aldosterone system; RCT =randomized controlled trial.
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Expert Panel Recommendations for the Identification and Management of Hyperkalemia
and Role of Patiromer in Patients with Chronic Kidney Disease and Heart Failure

LGRS Drugs Known to Cause Hyperkalemia

Drugs that promote
transmembrane
potassium shift

* Nonselective beta-blockers (e.g., propranolol,
bucindolol, carvedilol)

* Digoxin intoxication

* [ntravenous cationic amino acids

Drugs that affect
aldosterone
secretion

* ACE inhibitors (e.g., benazepril, lisinopril, ramipril)

» ARBs (e.g., candesartan, irbesartan, losartan)
* Direct renin inhibitors (e.g., aliskiren)

» NSAIDs and COX-2 inhibitors (e.g., ibuprofen,
naproxen, celecoxib)

* Calcineurin inhibitors (e.g., cyclosporine, tacrolimus)
* Heparin

Drugs that cause
tubular resistance
to the action of
aldosterone

* Aldosterone antagonists (e.g., spironolactone,
eplerenone) and other potassium-sparing diuretics
(e.g., amiloride, triamterene)

* Trimethoprim

* Pentamidine

Agents that * Salt substitutes and alternatives

contain potassium

* Penicillin G

» Stored blood products

Adapted from Ben Salem C, Badreddine A, Fathallah N, et al. Drug-induced
hyperkalemia.#!

ACE= angiotensin-converting enzyme; ARB=angiotensin-II receptor blocker;
COX =cyclooxygenase; NSAID = nonsteroidal anti-inflammatory drug.

to RAAS inhibitor dose reduction or permanent discontinua-
tion of RAAS inhibitor therapy.”” In this study, medical records
were evaluated to assess the frequency of adverse outcomes
among 205,108 patients with serum potassium levels >5.0
mEq/L who had at least 1 prescription for an RAAS inhibi-
tor prior to the beginning of the study."> Adverse outcomes
consisted of CKD progression, ESRD, stroke, acute myocardial
infarction, coronary artery bypass, percutaneous coronary
intervention, or death and were correlated with RAAS inhibitor
dose levels, which were classified as maximum, submaximum,
or discontinued during a 3-year follow-up period.'

Among HF patients, 44.3% of patients who received maxi-
mum doses of an RAAS inhibitor experienced an adverse
outcome compared to 52.3% of patients who received sub-
maximum doses and 59.8% of patients in whom a RAAS
inhibitor had been discontinued.’> There may also be a rela-
tionship between mortality and dosing levels, as demonstrated
by mortality risks of 13.7%, 27.7%, and 30.1% for patients
receiving maximum, submaximum, and discontinued doses,
respectively.”” To further assess the risk associated with RAAS
inhibitors, one retrospective real-world observational study
evaluated over 2,000 patients receiving an RAAS inhibitor in a
single Veterans Affairs medical center. The results of the study
indicated that 20.4% of patients receiving an ACE inhibitor and
31.0% of patients receiving an ARB experienced hyperkalemia.”

HF patients are especially susceptible to hyperkalemia
resulting from HF-associated reductions in renal blood flow,
the presence of comorbidities such as DM, and treatment
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regimens that include RAAS inhibitors. In the CHARM
(Candesartan in Heart Failure-Assessment of Reduction in
Mortality and Morbidity) study, the use of an ARB, either as
monotherapy or in combination with an ACE inhibitor, was
evaluated in patients with symptomatic HF, including those
with both preserved and decreased left ventricular ejection
fraction (LVEF).!® The greatest risk factors for hyperkalemia
were male gender, age > 75 years, DM, prior use of ACE inhibi-
tors or spironolactone, baseline creatinine >2 mg/dL, and
baseline K'>5.0 mEq/L.!® The authors of this study reported
that although these patient groups received clinical benefits
from treatment with candesartan, treatment with this agent
increased the rate of hyperkalemia, which was associated with
hospitalization or death in some patients.'s

The panel stated that a significant finding of the aforemen-
tioned studies was that patients who were receiving submaxi-
mal doses or who discontinued RAAS inhibitors had poorer
cardiorenal outcomes and higher mortality than patients who
were receiving maximum doses. The results of these studies
present a challenge behind RAAS inhibitor prescribing deci-
sions: attempting to balance the risk of developing hyperka-
lemia with the benefits on cardiorenal morbidity and mortal-
ity. These decisions are further complicated by the fact that
patients with CKD with concomitant DM and/or HF who are
most likely to experience the greatest benefit from these drugs
are the same patients who are at highest risk of developing
hyperkalemia.

The panel emphasized the differences between acute and
chronic treatment and how critical this difference is in the
management of hyperkalemia. Acute hyperkalemia is typically
a clinical emergency that warrants immediate interventions,
such as cardiac monitoring, administration of medications
that will lower potassium, or emergency dialysis.” Generally,
potassium levels >5.5 mEq/L are thought to be clinically
significant.'® The primary goals for managing severe, acute
hyperkalemia are to stabilize cardiac membrane potential and
prevent cardiac arrhythmias, induce a shift of serum potassium
from the extracellular to the intracellular space, and decrease
total body serum potassium levels.®

The treatment options for the management of acute hyper-
kalemia may be further divided into the following categories:
(a) those with an onset of action within minutes and are more
appropriate for emergency management and (b) those with an
onset of action of a few hours to exert therapeutic effects and
are suitable for intermediate or subacute care. Examples of
treatments used can be found in Table 4. Treatments include
nebulized or inhaled beta-2-receptor agonists (e.g., albuterol,
salbutamol); intravenous (IV) insulin and glucose, which stim-
ulate intracellular potassium uptake; and IV calcium gluconate
salt for membrane stabilization. Sodium bicarbonate, loop
diuretics, dialysis, and the potassium-binding resins patiromer
and the sodium polystyrene sulfonate (SPS) Kayexalate have
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played a role in the subacute management of hyperkalemia as
adjunct therapies, once emergent treatments have been started.

In the chronic management setting of hyperkalemia, it is
important to identify any underlying causes for an episode of
hyperkalemia and to manage these factors/causes on an ongo-
ing basis. Dietary potassium restriction and oral administra-
tion of sodium bicarbonate and loop diuretics can be utilized.
SPS will occasionally be given in the chronic setting, but due to
the poor taste, profound diarrhea, associated side effects, and
salt load, patients may be nonadherent to treatment. In patients
with ESRD, longer dialysis sessions, reduced potassium in the
dialysate, and dietary restriction can be utilized. With regard
to the identification of any underlying causes, the drugs listed
in Table 5 have been known to cause hyperkalemia.?°

The panel commented that current options to manage
hyperkalemia on a chronic basis are limited, and robust evi-
dence supporting their efficacy and safety in the outpatient
setting is lacking. The panel recommended that more clini-
cal trials be conducted. Before the approval of patiromer in
2015, SPS, an ion-exchange resin designed to bind potassium
in exchange for sodium in the colon, was the only approved
treatment for hyperkalemia.?! SPS was approved by the U.S.
Food and Drug Administration (FDA) in 1958, 4 years before
the passing of the Kefauver-Harris Drug Amendment, which
required that drug manufacturers prove the safety and efficacy
of drugs.??

More recently, Lepage et al. (2015) conducted a small ran-
domized controlled trial (RCT) in 33 patients to evaluate the
efficacy of SPS in patients with CKD and mild hyperkalemia.?’
Patients were randomly assigned to receive either placebo or 30
grams of SPS orally 1 time per day for 7 days.?> The primary
outcome was the mean difference of serum potassium levels
between the day after the last dose of treatment and baseline.?®
The results of the study indicated that the mean duration of
treatment was 6.9 days and that SPS was superior to placebo
in the reduction of serum potassium levels (mean difference
between groups: -1.04 mEq/L; 95% confidence interval, -1.37
to -0.71).2> A higher proportion of patients in the SPS group
attained normokalemia at the end of their treatment compared
with those in the placebo group, but the difference was not
statistically significant (73% vs. 38%; P=0.07).*> There was a
higher rate of electrolyte disturbances and gastrointestinal (GI)
side effects in the SPS group, and SPS was considered superior
to placebo in reducing serum potassium over 7 days in patients
with mild hyperkalemia and CKD.?

The use of SPS is limited by its propensity to cause GI
adverse events (AEs) (e.g., diarrhea, nausea, and vomiting) and
other systemic toxicities, including sodium loading, hypomag-
nesemia, hypocalcemia, and colonic necrosis.?*?” Historically,
SPS was administered with sorbitol, a laxative, because of the
potential for constipation to develop and because of the ability
of sorbitol to further increase potassium elimination; however,
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in 2009, the FDA issued a warning with regard to the con-
comitant use of SPS and sorbitol following reports of colonic
necrosis and other serious GI AEs.?®

The panel expressed the opinion that SPS is not the ideal
drug to use in the treatment of hyperkalemia because of its
unfavorable safety and efficacy profile, safety warning for
colonic necrosis, poor tolerability, and unpalatable taste. These
aforementioned factors present a challenge to patients and pro-
viders, and the approval of new agents could aid in the treat-
ment of hyperkalemia. The panel also stated that physicians
must carefully assess uncontrolled studies demonstrating ben-
efit versus risk with SPS. Therefore, the panel recommended
that all other treatment options be exhausted prior to using
this potentially harmful therapy with little evidence of efficacy.

The Role of Patiromer

Until recently, treatment options for patients with chronic
hyperkalemia have been limited to nonpharmacological inter-
ventions (e.g., low dietary potassium intake), loop diuretics
with or without sodium bicarbonate, and/or dose adjustments
or discontinuation of RAAS inhibitor therapies. Some physi-
cians have even given fludrocortisone. These limited options
are not optimal for most patients. Thus, there is an unmet
need for a safe, efficacious, and well-tolerated chronic strategy
to control hyperkalemia. Before the availability of patiromer,
physicians generally considered the following management
strategies:

o If diet alone could not control potassium, doses of
diuretic medications were increased and bicarbonate
replacement was considered; however, these treatments
ultimately lose their effectiveness as patients lose kidney
function.

* When RAAS inhibitor dose reduction did not achieve
desired results, RAAS inhibitor therapy was eventually
discontinued.

* Some physicians have even given fludrocortisone with its
risk for hypertension and vascular injury.

On October 21, 2015, patiromer received FDA approval
for the treatment of hyperkalemia.?® Patiromer is a polymer
that exchanges calcium for potassium.*® It has been shown to
lower and maintain serum potassium levels in patients with
CKD who are receiving RAAS inhibitors.* This treatment is
not indicated to prevent hyperkalemia.>® Additionally, due to
its delayed onset of action, patiromer is not intended for use
as an emergency treatment for life-threatening hyperkale-
mia.’® Patiromer has the potential to bind to orally adminis-
tered medications, which could reduce their absorption and
effectiveness.?® As a result, it is recommended that other oral
medications should be administered at least 3 hours before or
3 hours after patiromer.*
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The 2 main clinical trials that contributed to the approval of
patiromer were OPAL-HK and AMETHYST-DN.?>* The multi-
national, single-blind, 2-phase OPAL-HK study evaluated the
efficacy of patiromer in patients with CKD who were receiv-
ing RAAS inhibitors.?? In phase 1, all participants received a
starting dose of patiromer of 8.4 grams or 16.8 grams daily in
2 divided doses, depending on the severity of hyperkalemia, at
baseline for 4 weeks.?? The results of the study demonstrated
an average decrease in serum potassium concentration of 1.01
mEq/L, and 76% of patients had serum potassium levels within
the target range of 3.8 to <5.1 mEq/L at the end of 4 weeks.>
In phase 2, the 8-week randomized withdrawal phase explored
the effects of continuation of patiromer versus switching to
placebo.?? The results of the phase 2 portion demonstrated that
there was no change in potassium levels in participants who
continued patiromer; however, for patients who switched to
placebo, an average increase of 0.72 mEq/L in serum potassium
levels over the first 4 weeks of the phase was observed.” These
results demonstrate the need for continuous treatment in this
patient population and support the benefit of chronic use of
patiromer to maintain safe potassium levels.

The 52-week, multi-center, open-label randomized
AMETHYST-DN study evaluated the safety and efficacy of
patiromer in hypertensive patients with DM or CKD.?* Patients
were stratified according to baseline serum potassium levels
and received 1 of 3 randomized starting doses ranging from
8.4 g to 33.6 g daily, administered in 2 divided doses.>® The
doses were titrated to achieve and maintain serum potassium
levels <5.0 mEq/L.>> Observed decreases in serum potassium
levels ranged from 0.35 mEq/L for patients on the lowest dose
to 0.92 mEq/L for patients on the highest dose.?*> There was
no evidence of loss of efficacy over 1 year of treatment.>> The
medication was also well tolerated with few dropouts.

A third study, PEARL-HF, was a double-blind, random-
ized, placebo-controlled trial that was designed to assess the
safety and efficacy of patiromer over 4 weeks in chronic HF
patients who were candidates for spironolactone and had a
serum potassium level between 4.3 and 5.1 mEq/L.>* Enrolled
patients must have also had a history of documented hyperka-
lemia resulting in discontinuation of an aldosterone antagonist,
ACE inhibitor, ARB, or beta-blocker or CKD with an estimated
glomerular filtration rate <60 mL/minute. A mean decrease in
serum potassium of 0.22 mEq/L from baseline was observed
in the patiromer group compared to a mean increase of 0.23
mEq/L from baseline in the placebo group.>* When spirono-
lactone was administered concomitantly, treatment with pati-
romer prevented increases in potassium levels.

The panel indicated that, based on their clinical experience,
they view patiromer as a viable treatment option for patients
with hyperkalemia, especially in the chronic management
setting, and that SPS and patiromer may be used as adjunct
therapies once emergency treatments have been initiated.
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However, more evidence is needed to support their use in the
emergency setting. The panel also stated that an advantage of
patiromer over SPS is the more favorable side effect profile,
flavorless formulation, and use of calcium instead of sodium
as the exchange ion, all of which have the potential to improve
patient adherence. Based upon the 2%-3% incidence of hyper-
kalemia in the general population, 6.4 to 9.6 million people in
the United States may qualify for treatment with patiromer.”

Panel Insights and Recommendations

The panel noted that hyperkalemia is a serious condition
that can lead to life-threatening complications, yet the treat-
ment paradigm for hyperkalemia has remained without major
advances for approximately 50 years until the approval of
patiromer.®® Additionally, hyperkalemia can occur without
clinical manifestations, which further complicates its diagno-
sis.*® Cardiac conduction defects and both depolarization and
repolarization abnormalities can occur with hyperkalemia.’”
Hyperkalemia can cause widening of the QRS complex, which
increases pacing thresholds and can lead to failure to cap-
ture, and oversensing of, the spaced or spontaneous T-wave
by implantable cardioverter-defibrillators, which can result
in inappropriate shocks.® Finally, hyperkalemia has caused
electrocardiographic (ECG) changes that were mistaken for
malfunction of pacemakers and implantable cardioverter-
defibrillators.>*#°

ECG changes associated with hyperkalemia can vary
between patients, and even normal ECGs have been observed
in patients who have severe hyperkalemia. The panel com-
mented that some physicians may review an ECG and deter-
mine that the abnormalities are due to hyperkalemia while
others may not. This is problematic, as there is no consensus
on how to use ECGs in the diagnosis and treatment of hyperka-
lemia. The panel noted that a potential solution to this problem
is the development of a diagnostic algorithm that eliminates
ECG measurements as a precise indicator of hyperkalemia.
The proposed diagnostic algorithm, developed by the panel, is
shown in Figure 1.

The panel noted that a need exists for the development of
a differentiation strategy for the identification and manage-
ment of hyperkalemia in acute and chronic settings. The panel
agreed that patiromer would be ideal in the chronic manage-
ment setting; however, there are no clinical studies published
supporting use in the emergency setting. Physicians in this
setting must rely on calcium, insulin, bicarbonate, furosemide,
or other treatments for patients presenting with emergent, life-
threatening hyperkalemia. Of note, approximately, 5 million
doses of SPS are given yearly, despite the unfavorable safety
and tolerability profile.?> Patiromer may present a better toler-
ability and safety option for these patients, however, neither
SPS or patiromer are indicated for the management of emergent
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Proposed Diagnostic Algorithm for Hyperkalemia (K* >5.0 mEq/L)
Treatment in the Acute Care Setting/Chronic Care

a N

ECG Changes?
(New relative to baseline)

1. Arrhythmia (bradycardia, nonsinus
tachycardia, junctional rhythm)

OR
2. Prolonged intervals (PR or QRS)
OR

3. ST or T-wave changes (elevation,
depression, or peaked T)2

OR
4. Diminished P-wave amplitude

History Consistent with Hyperkalemia?
History of DM, CHF, CKD
Labs showing acidosis or elevated Cr (signs of renal failure)
Patient on medications known to cause hyperkalemia

Repeat K+ testing

Give 1 gram IV push calcium gluconate
Repeat ECG in 10 minutes
If ECG changes persist, may repeat 1 gram 1V push calcium gluconate

' ( No further therapy needed

Treatment

N

K+ <6: Administer oral binders®+furosemide/fluids®

K* =6-7: Administer insulin/albuterol +oral binders®+furosemide/fluids,© may consider for dialysis.
Correct acidosis in nonrenal failure patients

K+>7: Administer insulin/albuterol, oral binders®+furosemide/fluids,® consider immediate hemodialysis

After 4
hours:
K+ <60
and
declining

Repeat treatment, consider dialysis )

Consider discharge on oral binder and follow up within 24 hours or admit to observation unit )

(i Recommended Doses for Treatment in the Acute Care Setting\ (Recommended Doses for Treatment in the Chronic Care Setting\

Calcium gluconate | 1 gram Furosemide 20-80 mg daily or more in single or divided
Insulin (regular)/ 5 units (insulin-naive); 10 units (not naive)/D50, doses as indicated
dextrose 1 amp. Repeat POC glucose in 30 mins SPS 15-30 grams daily®
Albuterol 10 mg nebulizer over 1 hour Patiromer 8.4-25.2 grams daily
Furosemide 20 mg (naive and CKD stage <3), 40 mg (not
naive or CKD stage =3)
SPS 15 grams daily®
@atiromer 8.4 grams daily Y. \ Y.

aHistory not consistent with myocardial ischemia.

bHypokalemic effect of binders may be significantly delayed.

CFurosemide: use when patient has functional kidneys; administer fluids when patient has functional kidneys and no HE.

dConcern for lower GI toxicity and tolerability/compliance.

eConcern {o}z lowgr GI toxicity and tolerability/compliance (continue low-potassium diet, discontinue potentially offending pharmaceutical agents, and avoid NSAIDs and
COX-2 inhibitors).

CHF = congestive heart failure; CKD = chronic kidney disease; COX=cyclooxygenase; Cr = creatinine; DM=diabetes mellitus; ECG = electrocardiography;
GI=gastrointestinal; HF = heart failure; IV =intravenous; NSAID = nonsteroidal anti-inflammatory drug; POC = point of care; SPS=sodium polystyrene sulfonate.
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hyperkalemia, but both agents may be used to facilitate potas-
sium lowering once emergent treatments have been initiated.

The panel also indicated that there is an educational deficit
among patients and providers regarding patiromer use. Patient
education about the correct use of patiromer is crucial, as many
of these patients may be receiving treatment with patiromer
and an RAAS inhibitor therapy concomitantly. This patient
population must be counseled about the importance of treat-
ment adherence. There is a risk of developing hyperkalemia
with discontinuation of treatment with patiromer while con-
tinuing RAAS inhibitor therapy. Patients who discontinue
treatment with an RAAS inhibitor may not receive the maximal
clinical benefit of reduced morbidity and mortality with RAAS
inhibitor treatment and should therefore be instructed to speak
with their physician before discontinuing treatment with either
therapy.!2*

Presently, many physicians are unfamiliar with the avail-
ability and administration of patiromer, and the panel sug-
gested that a payer-, manufacturer-, or health care provider-
initiated educational campaign may be beneficial in addressing
this educational gap. Members of the panel indicated that the
educational campaign should be targeted toward nephrologists,
internal medicine, family medicine, and emergency medicine
physicians, as they are the initial or first-line providers and
treat the majority of these patients. Educational campaigns
should also be directed toward cardiologists and physicians
who work in the ED setting, as this is the setting in which
most patients with hyperkalemia are treated and subsequently
referred to primary care or a specialist. The panel felt that the
clinical uptake of patiromer will be influenced by physicians’
existing level of comfort with other therapies, the hesitancy to
use new products prior to receiving adequate education or hav-
ing experience with new-to-market agents, and the potential
for beneficial outcomes among patients in their own practice.

Future Implications/Considerations

The panel agreed that patiromer appears to be a viable option
for the management of hyperkalemia in patients with CKD
and HF and in patients who experience chronic hyperkale-
mia. A number of issues still exist in the management of this
patient population, including the lack of uniform treatment
guidelines and consensus regarding the approach to treatment,
the limited data demonstrating the safety and effectiveness of
patiromer in the emergent setting, and the educational gap
among patients and providers surrounding the availability and
administration of this product. To address the lack of data sup-
porting use in the acute setting, the panel recommended that
a study be conducted in the ED setting to evaluate the role of
patiromer as a treatment for life-threatening hyperkalemia. If
such a trial is conducted, this would require changes to the
hospital formulary in order for patients and prescribers to gain
access to treatment with patiromer.
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