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Purpose: Hyperkalemia is a common metabolic complication of chronic kidney disease (CKD) and is associated with several serious
adverse events. We aimed to treat/prevent hyperkalemia using the new of potassium-binders, allowing maintained renin-angiotensin-
aldosterone system inhibitors (RAASI) treatment in proteinuric CKD and/or congestive heart failure (CHF) patients.

Patients and Methods: We conducted a retrospective cohort study in long-term users of potassium binders for chronic hyperka-
lemia. Patients aged 18 years and older, treated with potassium-binders and who met the reimbursement criteria and indication for
RAASI treatment were included.

Results: Fifty-seven percent of the patients were males and mean age was 65 years. During the study period, no patients were
admitted to hospital due to hyperkalemia after initiation of potassium binders. Potassium maximum values were significantly lower
after treatment. Few patients reported major side effects, and discontinuation was mostly due to normokalemia. We found no
significant changes in bicarbonate, serum creatinine or GFR stage after starting potassium binder treatment. All patients on RAASi
treatment before initiating potassium-binders were retained on RAASIi treatment.

Conclusion: New potassium binders in clinical practice are an easy and safe treatment with few side effects and good tolerance, that
significantly lowers the risk of hyperkalemia. Furthermore, and most importantly, patients can be maintained on RAASI treatment.
Keywords: chronic kidney disease, hyperkalemia, potassium-binder, RAASi, CKD, renin-angiotensin-aldosterone system inhibitors

Introduction
Hyperkalemia is a common metabolic complication of chronic kidney disease (CKD) and occurs with deteriorating
kidney function, especially among CKD patients’ stage 4—5." Hyperkalemia is defined as blood plasma potassium
concentration > 5.0 mmol/I> and is strongly correlated with the stages of CKD.*>

The prevalence of hyperkalemia varies between studies depending on CKD stage, comorbidities, risk factors and
concomitant medication.'*® In a US study comprising 2270635 adults, annual hyperkalemia prevalence in 2014 was
1.57% For patients with CKD and/or congestive heart failure (CHF), 6.35% had hyperkalemia and patients with CKD
and/or CHF counted for 48.43% of all patients with hyperkalemia.” A Swedish population-based study showed that
hyperkalemia occurred in 7% of the population with a 35.7% recurrence rate.®

The pathophysiology of hyperkalemia is complex and multifactorial. Most commonly, hyperkalemia is caused by
increased potassium intake and/or impaired potassium secretion due to reduced glomerular filtration rate (GFR) in CKD,

imbalance in potassium distribution between intracellular and extracellular space in metabolic acidosis and/or insulin

: 9
deficiency.
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Hyperkalemia is associated with several serious adverse events such as cardiac arrhythmias, increased risk of hospitaliza-
tion and associated mortality.” "> Hyperkalemia is also associated with reduced quality of life among CKD patients.'®

Disease-disease interaction such as co-existing CKD and CHF, and disease-drug interaction (especially in elderly
patients), are important contributors to treatment-related complications including hyperkalemia.'”-'®

Renin-angiotensin-aldosterone system inhibitors (RAASi) have been the cornerstone in treating patients with protei-
nuric kidney disease the last few decades, reducing the risk of deteriorating kidney function and hemodialysis and renal
transplantation.'® ' RAAS; therapy is also one of the most important therapies for patients with CHF. The positive effect
of RAASI therapy in CHF has been demonstrated in several randomized placebo-controlled trials alone or in combination
with digitalis, beta-blockers and mineralocorticoid receptor inhibitors (MRI), resulting in significant reduction of CHF
related adverse events, e.g., hospitalization, burden of disease and most importantly reduced mortality.*>*

There is a growing number of observational and population-based studies which have demonstrated that treatment
with angiotensin converting enzyme inhibitors (ACE-i), angiotensin II receptor blockers (AIIB) and MRI for CKD,
hypertension, diabetes mellitus or CHF, are the most important risk factors for development of hyperkalemia.”>°
Consequently, hyperkalemia is considered the main reason for limiting the use of RAAS] treatment.>’

Until recently, treating hyperkalemia consisted of potassium reduced diet combined with fine-tuning medical treatment (i.e.,
reducing/stopping drugs that interfered with renal potassium secretion; prescribing diuretic, managing metabolic acidosis, therapy
with low dose RAASi / MRIs and lastly stopping RAASI if potassium raised above 5.5 mmol /1).%

Sodium polystyrene sulfonate (Kayexalate) and calcium polystyrene sulfonate (Calcium Resonium) have both been
used to treat hyperkalemia. However, long-term use has been limited due to side effects and adverse outcome.?**° The
evidence supporting the efficiency and tolerability of these agents has been very poor.*!

Over the last years, new classes of potassium-binders for the treatment of hyperkalemia have been developed with

promising efficacy and tolerability, allowing maintained RAASi treatment in proteinuric CKD and/or CHF patients.**>°

Materials and Methods
Study Objective

The primary objective of this study was to treat/prevent hyperkalemia using new class of potassium binders and maintain
RAASI treatment in our CKD patients. The secondary aim was to reduce symptoms of decease and provide a better
clinical outcome. Additionally, we aimed to assess the practical use of potassium binders with regard to initiation, dosage
and the need for laboratory and clinical evaluation in the outpatient clinic. A quality assurance study on potassium
binder’s treatment at our center.

The indication for starting potassium binders was hyperkalemia in adults treated with RAASi. It is important to
emphasize that the study was designed to report our clinical experience in treating hyperkalemia, not to compare the
efficacy and safety of the two drugs.

Material
We conducted a retrospective cohort study on long-term users of the new potassium binders patiromer or calcium zirconium
cyclosilicate, for chronic hyperkalemia in the CKD and heart failure outpatient clinics at the Vestfold Hospital Trust,
Toensberg, Norway. Patients received treatment if they met the reimbursement criteria defined by the Norwegian health
authorities (P-K > Smmol) and indication for RAASI treatment. The choice between patiromer or calcium zirconium
cyclosilicate were primarily based on price agreements between the Norwegian health authorities and the manufacturing
companies and varied during the study period. Patients on dialysis (hemodialysis and peritoneal dialysis) were also included.
Inclusion of patients started at the time of initiating potassium binder treatment (Figure 1). All long-term users of
potassium binders who were 18 years or older were included. For the majority of patients, treatment was initiated at the
outpatient clinic, although some started treatment during a hospital stay. Patients who received these agents as short-term
treatment for acute hyperkalemia, were excluded. A senior nephrologist or resident in nephrology made the evaluation of
each patient’s individual risk of worsening hyperkalemia and the risk of future discontinuation of RAASI treatment, and
started potassium binder treatment based on individual assessment.
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PotBind study design

Prevalence of hypo- and hyperkalemia was studied in patients on potassium binder
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Figure | PotBind study design.

The number of outpatient visits and lab tests from treatment initiation until treatment were established, and were also
individually assessed. After initiation of potassium binder treatment, each individual patient was followed in the
outpatient clinic. Exposure time for potassium binder treatment was defined at initiation of potassium binder until the
end of study (1 July 2021). All patients starting with potassium binder received individual follow up with blood tests for
kidney function and relevant electrolytes (Figure 1).

Predefined variables, which could affect or be affected by plasma potassium, were obtained from electronic patient
records. Laboratory data from the hospital was obtained 4 weeks prior and 4 weeks after potassium binder initiation. The
variables included kidney function by estimated glomerular filtration rate (¢éGFR) and serum creatinine, metabolic
acidosis by plasma total CO,/bicarbonate, and the patient’s medication list. Especially, concomitant medication that
could potentially influence potassium hemostasis was recorded.

We used IBM SPSS Statistics Version 26 for statistical analysis.

Results

Study-Population and Clinical Characteristics

Fifty-five patients received patiromer or calcium zirconium cyclosilicate. The majority of patients were males and the
mean-age was 65 years. Patient characteristics are presented in Table 1.

Mean treatment time with potassium binders was 58.4 (£45) weeks, minimum 2.7 weeks and maximum 167 weeks.
The majority of the patients received calcium zirconium cyclosilicate (Table 2). Seven patients had been admitted due to
hyperkalemia within 12 months prior to starting potassium binder; four of these with prior hyperkalemia were on
maintenance hemodialysis. Hyperkalemia as a reason for hospital admission was 3.8 times higher in patients in

Table | Clinical Characteristics

Characteristics N (%)
Gender
Male 37 (67)
Female 18 (32)
Age (years)years 65 (14.4 SD)
(Continued)
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Table | (Continued).

Characteristics N (%)
CKD category N (%)
3a 4(7)

3b 22 (40)
4 12 (22)
5 5(9)

5D (HD and PD) 11 (20)
Causes of CKD DM N (%)
Diabetes mellitus 7 (13)
Hypertensjon 22 (40)
Glomerulonephritis 47

Diabetes and hypertension 13 (24)
Unknown 9 (l16)
Comorbidities N (%)
Diabetes mellitus 27 (49)
Chronic heart failure 24 (43)
Ischemic heart disease 17 (30)

Table 2 Type of Potassium Binder Therapy

Potassium Binder N (%)
Calcium zirconium cyklosilicate 42 (76)
Patiromer Il (20)
Started patiromer changed to calcium zirconium cyklosilicate 2 (3.6)
Total 55 (100)

maintenance hemodialysis compared with CKD patients not on dialysis. In comparison, no patients were admitted to
hospital due to hyperkalemia after initiation of potassium binder.

Two patients on maintained hemodialysis had several unplanned acute dialysis sessions due to hyperkalemia before
potassium binder treatment. In contrast, we observed no need for unplanned acute dialysis sessions in these patients
under potassium binder treatment.

Most patients (n =26, 47%) on calcium zirconium cyclosilicate started and were maintained during the study time with 5
grams once daily (mean dose 6.3 gram). Eight patients started with 10 grams once daily and only one patient started with 20
grams of calcium zirconium cyclosilicate. We observed the same trend in patients who received patiromer. The lowest dose of
8.4 gram once daily was used at the start and as a maintenance dose, during the study (mean dose 10.9 gram).

Forty-five (82%) patients were monitored with 0—6 lab tests before starting potassium binder and 47 (85%) with
maximum six lab tests during 4 weeks after potassium binder (Table 3). In a smaller group of patients more lab tests were
done in the period before and after potassium binder treatments. The majority of these patients were started on potassium
binder during hospital stay and therefore lab test was done more frequently by routine.

Effect of Potassium Binders
Blood potassium values before and after potassium binder treatment are shown in Figure 2. The potassium maximum
values were significantly lower after initiation of potassium binder (£<0.05), minimum and mean values were lower but
not statistically significant (Figure 2).
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Table 3 Number of Laboratory Tests Before and After Potassium Binder Initiation
Number of | Patients with Lab Tests During 4 Weeks Patients Patients with Lab Tests During 4 Patients
Lab Tests Before Potassium Binder N (%) % Weeks After Potassium Binder N (%) %
0 2(4) 56 5 (9%) 50
| 13 (24) Il (20%)
2 16 (29) 12 (22%)
3 2(4) 15 5 (9%) 27
4 3(6) 5 (9%)
5 3 (6) 5 (9%)
6 2 (4) 13 2 (4%) 13
7 4 (7) 2 (4%)
8 I (2) 2 (4%)
9 3 (6) 16 1 (2%) 10
10 2(5) 0
I 0 I (2%)
13-29 4(7) 4 (7%)
Total 55 (100%) 100 55 (100%) 100

There were no significant changes in the bicarbonate, serum creatinine or GFR stage after initiation of potassium binder
treatment. Thirty-four (60%) of the patients received RAASI treatment before they started potassium binder (Table 4). All
patients in the RAASI treatment were retained on RAASI treatment after starting potassium binder. The numbers of patients

with MRI treatment increased significantly, with five patients (10%) after established potassium binder treatment (P < 0.05).

Very little and non-significant changes were observed in concomitant medication with possible effect on serum

potassium.

PLASMA POTTASIUM MMOL/L
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Figure 2 Plasma potassium levels before and after initiation of a potassium binder.
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Table 4 Concomitant Medications Before and After Potassium Binder

Medication Before Start of potassium Binder N (%) | After Starting Potassium Binder (%) | Differences | P value
RAAS: total 34 (60) 39 (70) 5 (10)

All-blocker 11 (20) 12 (21.8) | (0.8) NS
ACE-| 14 (25.5) 13 (23.6) =1 (1.9) NS
MRls, spironolactone 6 (16) 14 (25.6) 5 (9.6) <0.05
Bata-blockers 40 (72.7) 40 (72.7) 0 NS
Digitalis 0 (0) 1 (1.8) I (1.8) NS
Sodium bicarbonate 31 (56.4) 35 (63.6) 4 (7.2) NS
Loop diuretics 25 (45.5) 23 (41.8) -2 (0.3) NS
Thiazide diuretics 8 (14.5) 9 (16.4) I (1.9) NS

Abbreviations: RAASI, Renin-angiotensin-aldosterone system inhibitors; All-blocker, angiotensin Il receptor blockers; ACE-l, angiotensin converting enzyme inhibitors;
MRlIs, mineralocorticoid receptor inhibitors.

Table 5 Adverse Events and Discontinuation of Potassium
Binder Treatment

Adverse Events Due to Potassium Binder N (%)
Hypomagnesemia 3 (6)
Gl side effects 4(7)
Edema 0
Cause of potassium binder-discontinuation N (%)
Normokalemia 50
Unknown 4 (7)
Started dialysis 3 (6)
Side effects 2 (4)
Hypokalemia 2 (7)
Termination of RAASI 1 (2)
Total 17 (30.9)

Adverse Events and Discontinuation
There were few associated side effects reported (n = 13, 13%) and consisted of hypomagnesemia or gastrointestinal
symptoms. Discontinuation of treatment was mostly due to normokalaemia. Potassium binder associated side effects and

causes of termination during the study period are presented in Table 5.

Discussion

In this study of 55 consecutive patients who received potassium binder treatment, we were able to demonstrate that it was
possible to retain all patients on RAASi or MRI treatment (proactive and pre-emptive approach), due to significant
reduction in serum potassium. We were even able to start new patients on RAASI/MRI. We had no patient with serious
hyperkalemia after initiating potassium binder treatment. Adverse events were few and only two patient discontinued
treatment because of side effects.

93738 with potential life-threatening consequences. RAAS] treatment is

19,20,23,24

Hyperkalemia is a serious clinical situation
highly recommended in patient with heart failure and proteinuric CKD patients with and without diabetes.
However, hyperkalemia limits the use of RAASI treatments in patients with CKD and heart failure due to increasing
serious adverse events including hyperkalemia.®® The new potassium binders have enabled continuation of the RAASi

treatment in patient and efficacy and safety of these drugs are already established in clinical trials.?3->36-3
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Our study was not designed to compare the two new potassium binders. Our intention was to conduct a quality
assurance study on the new potassium binders and the possibility to retain our patients in the RAASI treatment and start
RAASI treatment in patients who had to stop RAASI earlier due to hyperkalemia. There is accumulating real world
evidence on the use of the new potassium binders.***" It is however important to conduct and publish new findings and
experiences from observational studies in new treatments and methods.*> Norwegian health authorities encourage the
conduction of observational and quality assurance studies.

Patiromer was introduced for treatment of hyperkalemia in Norway in April 2018, a month before calcium zirconium
cyclosilicate. Initially it was necessary to apply for individual reimbursement for the patiromer from the Norwegian
health authorities, but after a period, both potassium binders were reimbursed equally and automatically without the need
for reimbursement application.

The majority of our patients received calcium zirconium cyclosilicate during the study and the reason for this was
price-agreement in between the Norwegian health authority and calcium zirconium cyclosilicate manufacturing company
(Astra Zeneca). Calcium zirconium cyclosilicate was cheaper and preferred potassium binder to prescribe. This changed
during spring 2022 and the patiromer became the preferred agent for the same reason. This was after we had conducted
our study.

The aim for potassium binder treatments in our clinic was to be able to retain patients on RAASI treatment and to
avoid hyperkalemia and/or start RAASI treatment in patients who earlier had to stop RAASi due to hyperkalemia.
Although several guidelines have been published recommending the use of the new potassium binders during the period
we performed this study and after.”**** There was however, no published detailed practical guidelines on how to use
these hypokalemic agents. This was the reason for conducting this retrospective study in treatment quality assuring
purpose. Our goal was to elaborate how our department practiced the use of these agents and how the results were
especially regarding RAASI treatment in our CKD patients.

To avoid selection bias, we included all patients from the first patient starting on potassium binder for chronic use in
consecutive manner (Figure 1). We experienced considerable differences between number of blood tests needed during
the pre-initiation phase, and the initiation phase of potassium binder treatment. Around 50% of the patients had less than
two blood tests, and around 27% had 3-5 blood tests 4 weeks before and prior to the potassium binder initiation.
Differences in number of blood tests, depended on the patient characteristics. Hemodialysis patients were subject to
blood testing almost under every dialysis session (3—4 times weekly), and patients who started potassium binder under
hospital admission did almost daily blood tests during their hospital admission compared to patients in outpatient clinic,
who had very few blood tests during potassium binder treatment initiation.

The severity of hyperkalemia and CKD stage was another important reason for doing blood test more often for
evaluating changes in kidney function and electrolyte balance during potassium binder treatment. In outpatient-settings,
variation in numbers of blood tests can be influenced by how close or far a patient residence is from the hospital lab
center, in other words is taking an extra blood test burdensome for the patient? After potassium binder treatment was
established individually, normal outpatient routine was followed for all patients CKD stage and co-morbidity.

Our policy and goal regarding potassium binder treatment in patients who need to continue RAASI treatment is
proactive and pre-emptive. We start potassium binder treatment in case of mild to moderate hyperkalemia on RAASI
treatment and before we have to stop RAASI treatment due to serious hyperkalemia. This is reflected in our results.
Another possible approach, is to start potassium binders in severe hyperkalemia, but the risk of hyperkalemia related
adverse events and the risk of discontinuation of the RAASi treatment is much higher compared to treatment with
potassium binder at mild to moderate hyperkalemia.

We measured plasma bicarbonate, kidney function (by eGFR and creatinine) and registered all concomitant medica-
tion with potential effect on plasma potassium during initiation and follow up. In this way, we ensured that only
potassium binder treatment could explain the significant reduction in serum potassium, allowing patients retained on
RAAS:I or start RAASI treatment. Our results also reflect what has already been reported from large clinical trials.

Our data from a single-center experience shows, in accordance with other real-world observational studies and
clinical trials, that new potassium binder binders are effective in treating hyperkalemia and allows continuation of the
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RAASI treatment in CKD. After we performed this study, we continued the treatment of hyperkalemia in same manner at
our center.

Our study has several strengths and of course is subject to different limitations and biases due to study size and
retrospective study design. Our data is however robust since all patients are treated and followed by one hospital, serving
a county with approximately 280,000 inhabitants for kidney diseases and in particular for CKD and CKD related
complications including renal replacement therapy (dialysis and transplantation). We have no patients lost to follow up,
and all patients received same standard of treatment, regardless of socioeconomic differences due to general Norwegian
health insurance. The most important limitation, is that the majority of CKD patients are not diagnosed and not registered
in hospital records. However, this will not influence our study significantly since our patients predominately were in
CKD stage 4-5 or dialysis treatment, and more likely to be registered in hospital records.

Conclusion

Hyperkalemia is an important and frequent complication of CKD, and often the reason for discontinuation of the RAASI
treatment. We have demonstrated that the use of the new potassium binders in clinical practice is an easy and safe
treatment, with few side effects and good tolerability in the majority of CKD patients, including dialysis with significant
lower risk for hyperkalemia. Most important, more patients can be maintained on RAASI treatment on low-dose of the
new potassium binder. It is important to conduct and report data from real world settings to ensure the best treatment for
our patients.
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