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Abstract

The aim of our study was to analyse the efficacy of short-term administration of oral calcium
polystyrene sulfonate (CPS) to treat hyperkalemia in non-dialysis CKD patients.

A prospective interventional study was conducted in 65 CKD patients with chronic hyperkalemia
with a month of therapy.

Patients were stratified into groups in respect of potassium level (mild <5.9; moderate 6-6.5; severe
>6.5 mmol/l). Regression analysis was applied to investigate associations of hyperkalemia with different
variables. Paired T-Test was used for comparative analysis of potassium levels before and after therapy.

Patients mean age was 67 years, eGFR ranged between 8 to 52ml/min. More than half of patients
presented with moderate or severe hyperkalemia. None of the demographic, clinical or pharmacological
variables predicted potassium level.

The comparative analysis with paired samples T-Test showed significantly lower potassium levels
after one month of therapy (p<0.001). The portion of patients that were encountered for mild hyperkalemia
significantly increased (21% vs. 59%, p<0.001) and conversely, the portions of those with moderate and
severe hyperkalemia significantly decreased (29% vs. 3%, p<0.001; 15% vs, 3%, p<0.001), respectively.

Short term treatment of hyperkalemia with oral potassium binder is effective in non-dialysis CKD
patients.
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Introduction

In chronic kidney disease (CKD) one of the most common metabolic complications is
hyperkalemia, since the kidney is the major route of potassium excretion, and the gastrointestinal tract being
the second (with less than 10% excretion of potassium). As CKD advances, the excretion of potassium
declines. This leads to chronic hyperkalemia which is associated with significantly higher all-cause and
cardiovascular mortality, and with higher risk of end-stage renal disease.lt is mostly associated with
cardiovascular events [1].

Bradycardia,as an early sign of acute severe hyperkalemia, it is uncommon in chronic hyperkalemia
because of adaptive mechanisms. Severe hyperkalemia can also trigger fatal arrhythmias. Hyperkalemia
also plays and indirect role in the progression of CKD to dialysis by dictating the withdrawal of
nephroprotective anti-RAAS agents.

The incidence of hyperkalemia is also higher in diabetic patients. The most common causal factor
of chronic hyperkalemia in diabetics is the reduced tubular secretion of K+ due to the hyporeninemic
hypoaldosteronism syndrome. Additional factor that can lead to hyperkalemia is CKD associated with heart
failure (HF).

HF can lead to low GFR. Also, patients with HF and CKD are extensively treated with RAAS
inhibitors [2].

They are the most frequently used pharmacological agents for treatment of CKD associated with
diabetes mellitus and heart failure.Sometimes this can lead to down-titration or withdrawal of RAAS
inhibitors for safety reasons, but it prevents these high-risk patients from receiving the best available
therapy in CKD.
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In these cases, the patients are either receiving a low dose or the drugs are withdrawn, losing their
cardioprotective effect which is not to be underestimated. CKD patients usually are on a low potassium
diet, depriving them of the benefits of a plant-based diet [3].

In the end, all this is associated with increased incidence of adverse events and mortality. To
overcome these contradictory treatment strategies,first a proper dietary counseling is mandatory for the
patient, to restrict dietary potassium intake. Secondly, in the case of kidney disease the gastrointestinal
tracts excretion of potassium can go up to 50 % which makes the colon a target organ for potential therapies.

Potassium binders have emerged as new options to increase fecal potassium excretion®. Sodium
polystyrene sulfonate (SPS) is a potassium binding resin, which exchanges sodium for calcium, ammonium,
and magnesium in addition to potassium.

Calcium polystyrene sulfonate (CPS) is another potassium binding resin, which exchanges calcium
for potassium.They both act in the distal colon. CPS is superior to SPS because it avoids sodium retention.

Also, two new potassium-binding agents sodium zirconium cyclosilicate (ZS-9) and Patiromer (a
non-absorbable polymer) areapproved by the FDA, they are more potent and highly effective [5,6].

This study aimedto investigate the short-term efficacy of potassium binding resin in CKD patients
with chronic hyperkalemia.

Material and methods

This was a prospective interventional study on a cohort of 65 CKD ambulatory patients diagnosed
with chronic hyperkalemia in the period from January until end of December 2023. Demographics as age
and gender, clinical, laboratory and pharmacologic data were obtained from the patients’ medical files.
GFR was calculated by CKD EPI formula.

Chronic hyperkalemia was defined as potassium serum level above 5.5mmol/l in at least three
previous measurements. Patients were prescribed CPS for a 1 month, with a daily dose at discretion of the
ordinating physician.Signed informed consent was mandatory as inclusion criteria. All patients were
advised for a medical check and blood sampling for potassium level after a month.

Statistical analysis: Continuous data is presented as mean/standard deviation and nominal as
percentage.Patients were stratified into groups in respect of potassium level (mild <5.9; moderate 6-6.5 and
severe >6.5 mmol/l).Regression analysis was applied to investigate associations of hyperkalemia with
different variables. Paired T-Test was used for comparative analysis of potassium levels before and after
therapy. P<0.05 was considered significant.

Results

Baseline demographic, biochemical and clinical characteristics of the study group are shown in
Table 1. Patients were adults ranging from 27-88 years of age, more than half were male (65%).The
diagnosis of diabetes was more frequently present than cardiomyopathy (31 (47.6%); 18 (27.6%)),
respectively.

The eGFR showed wide range between 8 to 52ml/min, with nearly half of patients in the fifth stage
of CKD. More than half of patients presented with moderate or severe hyperkalemia and 32% with mild.
The mean serum potassium before initiation of therapy was 6.15 and after therapy 5.13 mmol/I.
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Table 1. Demographics, biochemical and clinical characteristics of the study group

N=65 Mean+ SD Rang

N (%) (Min — max)
Age (years) 67.24 +11.85 27 - 88
Male gender 42 (65%)
Diabetes 31 (47.6%)
Cardiomyopathy 18 (27.6%)
Creatinine (umol/1) 293.76 + 121.14 122 - 602
eGFR (ml/min) 20.61 +11.68 8-52
eGFR < 15(ml/min) 29 (45%)
Potassium 6.15 +0.43 52-75

(pre-therapy) mmol/l
Hyperkalemia (mmol/I)

mild 21 (32%)
moderate 29(45%)
severe 15 (23%)
Potassium 5.13+0.75 340-7

(post-therapy) mmol/I
eGFR — estimated glomerular filtration rate

Based on prescription records, we identified that almost half of the patients (49%) were under RAAS
inhibition therapy, two thirds were treated with thiazide diuretic and smaller part of patients needed
potassium sparing diuretic (9%) or combination with RAAS inhibitor (5%) (Table 2). In 6(9%) of the
patients the ACE/ARB therapy was discontinued after one month of treatment.

Table 2. Concomitant therapy

N=65 N (%)
Therapy

RAAS inhibitor 32 (49%)
Potassium sparing diuretic 6 (9%)
Thiazide diuretic 43 (66%)
RAAS inhibitor + potassium 3 (5%)

sparing diuretic

None of the demographic, clinical or pharmacological variables predicted potassium level in the univariate
regression analysis (Table 3).

Table 3. Correlations of potassium level with therapy before introducing potassium binder

N=65 r p
age 0.152 0.227
Male gender -0.002 0.998
Thiazide diuretic -0.216 0.083
Potassium sparing diuretic 0.086 0.498
RAAS inhibitor 0.162 0.196
RAAS inhibitor + 0.183 0.145
potassium sparing diuretic

eGFR 0.114 0.369
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The comparative analysis with paired samples T-Test showed significantly lower potassium levels after one
month therapy with the oral potassium binder (p<0.001) as shown in Figure 1.

P<0.001*

Potassium (mmal/L)

pre therapy after one month with therapy

Figure 1. Potassium serum levels pre and post therapy with potassium binder

The distrubution of patients in respect of the blood potassium level before and after therapy is
shown in Figure 2. The portion of patients that were encountered for mild hyperkalemia significantly
increased after therapy (21% vs. 59%, p<0.001) and conversely, the portions of those with moderate and
severe hyperkalemia significantly decreased (29% vs. 3%, p<0.001; 15% vs, 3%, p<0.001), respectively.

P<0.001
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Figure 2. Distrubution of patients in respect of the blood potassium level before and after therapy
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Discussion

Since hyperkalemia can cause serious cardiovascular events and can lead to higher risk of end-
stage renal disease, management of chronic hyperkalemia is one of the primary focuses in CKD patients.

One of the most optimal treatments of chronic hyperkalemia are potassium binders, they have been
used for a long time for this sole purpose. Our study investigated the short-term treatment with CPS. The
vast majority of our patients had eGFR below 60ml/min, high proportion of them presented with diabetes
(47%) and cardiomyopathy (28%), which is in line with the recent review of De Nikola [1].

In a study done by Jose M. Valdivielso et al. serum potassium levels were higher and hyperkalemia
and severe hyperkalemia more prevalent in men than in women in non-dialysis CKD[7].

These findings were comparable to our results where men were dominant in respect of
hyperkalemia. In our study, after the therapy with CPS, the potassium levels dropped significantly for each
patient as self-control and a significant shift of patients from severe and moderate hyperkalemia to the group
with mild hyperkalemia occurred. There are other studies that prove the effectiveness of potassium binders
[8-10].

The study of Mi-Yeon Yu et al. enrolled a larger group of patients and were given small doses of
CPS for a longer period (3 to 12 months treatment). The short- and long-term CPS treatment significantly
decreased the serum potassium levels and the serum potassium effect was dose dependent [8].

Our study is limited in respect of analysing the doses of CPS that were prescribed and actually
taken by the patients. Also, we did not take into consideration of the impact of the diet. Almost half of our
patients were treated by RAAS inhibitors.

The basal potassium level was not correlated to eGFRin Mi-Yeon Yu’s study as we also found in
our study, but the positive association with the therapy with RAAS we did not confirm. This also might be
explained with the lack of information on our patient’s diet. Most of them were advised to a low potassium
diet but under RAAS inhibitor therapy, although it has been proposed that potassium binders may be useful
in enabling the patients a freer and more diverse diet [11,12].

In spite of the generally good results we obtained with this therapy, in 6 patients (9%) the
ACE/ARB therapy was discontinued after one month of treatment. The limitations of our study consist of
having a rather small number of participants and short follow up period. This study elucidated the need of
better education of patients with hyperkalemia in respect of dietetic regime.

Conclusion
In general, oral CPS was effective in short-term controlling serum potassium levels in CKD pre-
dialysis patients with almost all of them continuing their RAAS inhibitor therapy.
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