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Abstract

Objective: To observe the clinical efficacy and safety of the short-term administration of differ-
ent doses of calcium polystyrene sulfonate in the treatment of hyperkalemia in patients with stage
3-5 non-dialysis chronic kidney disease.

Methods: A prospective, open, randomized, controlled, single-center clinical observation was
conducted. In total, 107 patients were randomly assigned to receive calcium polystyrene sulfonate
at 15 (group A) or 30 mg/day (group B) for | week. Patients were assessed on days 0, 3, and 7.
Results: After 3 days of treatment, the serum potassium levels in groups A and B had decreased
by 0.68 + 0.46 and 0.75 £ 0.43 mmol/L, respectively. After 7 days, the serum potassium levels in
groups A and B had decreased by 0.64 £ 0.37 and 0.94 £ 0.49 mmol/L, respectively. Conversely,
serum sodium, phosphorus, and calcium levels did not significantly change during the treatment
period. Constipation was the most common adverse drug reaction, and no treatment-related
serious adverse events were observed.

Conclusion: Calcium polystyrene sulfonate administered at a dose of 15 or 30 g/day can rapidly
reduce potassium levels in patients with stage 3—5 non-dialysis chronic kidney disease without
adverse effects on sodium, phosphorus, or calcium levels.
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Introduction

Hyperkalemia is defined as the elevation of
serum potassium levels above the normal
range. The mechanisms leading to hyperka-
lemia typically involve a combination
of factors, such as increased intake of
potassium- rich foods, disordered distribu-
tion between the intracellular and extracellu-
lar compartments, and abnormalities in
potassium excretion. Hyperkalemia can
cause electrophysiological disorders with
severe clinical repercussions that can lead
to death."? The elimination of potassium
ions is known to occur primarily through
the kidneys. Chronic kidney disease (CKD)
is the most common predisposing condition
for increased potassium levels.>* The inci-
dence of hyperkalemia varies between 2%
and 35% among patients with CKD.
Hyperkalemia has been associated with
increased mortality in patients with CKD.
This highlights the importance of maintain-
ing serum potassium levels in the normal
range at different stages of CKD.
Treatments for hyperkalemia include
calcium gluconate, insulin, sodium bicar-
bonate, B-adrenergic antagonists, diuretics,
and/or the initiation or intensification of
dialysis. However, these measures are
poorly tolerated in patients with advanced
CKD because of the risks of increased
blood pressure and fluid retention.*
Sodium polystyrene sulfonate is effective
in the treatment of mild hyperkalemia in
patients with early-stage CKD. However,
this treatment takes a long time to exert
its efficacy. In addition to its delayed ther-
apeutic effect, the drug has frequent side

effects, such as gastrointestinal intolerance,
hypocalcemia, and magnesium deficiency.
Calcium polystyrene sulfonate is another
resin that exchanges calcium for potassium.
It also acts in the intestine, and it is admin-
istered orally. Studies revealed that calcium
polystyrene sulfonate can reduce serum
potassium levels without increasing risk of
gastrointestinal events.

To better understand the clinical effects
of calcium polystyrene sulfonate in reduc-
ing potassium levels in the short term, this
study aimed to observe the clinical efficacy
and safety of calcium polystyrene sulfonate
in the treatment of hyperkalemia in patients
with stage 3-5 non-dialysis CKD.

Materials and methods

Experimental design

This was a prospective, open, randomized,
controlled, single-center clinical trial. The
study protocol was approved by the Ethics
Committee of Jinling Hospital (approval
number: 2014ZFYJ-002) and registered with
the Chinese Clinical Trials Registry (registra-
tion number: ChiCTR-TRC-14004901). The
reporting of this study conforms to the
CONSORT? statement.

Random numbers were generated by sta-
tistical professionals using a computer, and
patients were randomly assigned to group
A (calcium polystyrene sulfonate 15 g/day)
or B (calcium polystyrene sulfonate 30g/
day) at a 1:1 ratio. Patients were treated
for 1 week. Patient visits were performed
on days 0, 3, and 7 (Figure 1). Each patient
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Figure |. Study flow chart.

was given a health education on a low-
potassium diet.

Subjects

Patients aged 18 to 65 years with stage 3-5
non-dialysis CKD were assessed for eligibil-
ity according to their serum potassium levels
(5.0-6.0mmol/L) as measured in their usual
follow-up visits in the Outpatient Department
of the National Clinical Research Center for
Kidney Diseases from May 2014 to April
2020 and on the day of randomization. All
patients signed a written informed consent
form prior to enrollment, and the study
adhered to the Declaration of Helsinki.

The exclusion criteria included severe
arrhythmia or electrocardiogram findings sug-
gestive of high sharp T waves, hypercalcemia
(calcium ion concentration >2.5mmol/L),

severe metabolic acidosis (bicarbonate ion
concentration/CO, binding force ratio of
less than 18 mmol/L or less than 40%
volume), intestinal stenosis or alimentary
ulcer, active tumors, and allergy or intoler-
ance to calcium polystyrene sulfonate or
other ion-exchange resin drugs.

Drug combination

Drugs that can cause elevated serum levels,
including  angiotensin-converting  enzyme
inhibitors(ACElIs)/angiotensin receptor block-
ers (ARBs)/B-receptor blockers, potassium-
sparing diuretics (spironolactone, amiloride),
non-steroidal  anti-inflammatory  drugs,
potassium-containing laxatives (sodium potas-
sium, carboxin, dictary fiber), and digoxin
were not permitted during the study.
However, if such drugs were prescribed prior
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to enrollment, their dosages and adminis-
tration schedules were not changed during
the trial.

Demographic data, clinical baseline
characteristics, combined medication use,
and adverse events were recorded.

Statistical methods

According to the literature,® the expected
mean decrease in serum potassium levels
was 1+0.55mmol/L after 3 days of treat-
ment with calcium polystyrene sulfonate
(15g/day). Previous studies found that the
ability of calcium polystyrene sulfonate to
reduce potassium levels was dose-dependent.’
A superiority test was proposed. Assuming
an expected decrease of 1.3 mmol/L with a
daily calcium polystyrene sulfonate dosage
of 30g, a one-sided o was 0.05, and test
power (1 —B) of 0.8, the required sample
size was 43 cases per group, and thus, 86
cases (43 x 2=_86) were needed. Assuming a
withdrawal rate of 20%, the total sample size
was approximately 107 patients.

SPSS 20.0 software (IBM Corp.,
Armonk, NY, USA ) was used to evaluate
the changes of serum potassium levels in
each treatment group after treatment by
Wilcoxon’s rank sum test. All statistical
tests were two-tailed, and P < 0.05 denoted
statistical significance. The safety analysis
was mainly descriptive analysis. The inci-
dence of adverse events and serious adverse
events was described and calculated.

Results

Grouping and baseline characteristics of
the subjects

From 1 May 2014 to 30 April 2020, patients
who underwent follow-up in the Outpatient
Department of the National Clinical
Research Center for Kidney Disease in
Jinling Hospital were recruited. Of these,
107 patients who met the enrollment criteria

were recruited, including 53 patients in
group A and 54 patients in group B.
Meanwhile, 101 completed the day 3 obser-
vation, and 96 patients completed 7 days of
treatment, including 47 patients in group A
and 49 patients in group B. Eleven patients
withdrew from the study for the following
reasons: change in the treatment regimen,
three patients; receipt of hemodialysis, two
patients; and missed follow-up visits, six
patients (Figure 1).

The baseline clinical characteristics of
the two groups of subjects are presented in
Table 1. The 107 patients included 64 men
(59.8%) with an average age of 51+13.4
years. Meanwhile, 89 patients also pre-
sented with hypertension, whereas 16
patients had coincident diabetes. The
mean serum creatinine level was 3.31+
1.57mg/dL, and the estimated glomerular
filtration rate (¢GFR) was 24.2+13mL/
minute/1.73m?. The mean hemoglobin
level was 11.30+1.92g/dL. Fifty-four
patients were treated with RAAS inhibitors,
and 28 patients received B-receptor blockers
for more than 2 weeks. Sixty-three patients
underwent renal biopsy for the definitive
diagnosis, and the cohort included 31 patients
with IgA nephropathy, 16 patients with dia-
betic nephropathy, 7 patients with lupus
nephritis, 3 patients with focal segmental
glomerulosclerosis, 2 patients with purpura
nephritis, 1 patient with autosomal domi-
nant polycystic kidney, 1 patient with anti-
GBM nephritis, 1 patient with POEMS syn-
drome, 1 patient with heavy chain deposi-
tion disease, and 44 patients with CKD of
unknown cause. All patients were routinely
followed up in the outpatient clinic, and all
patients had stable blood glucose levels,
stable blood pressure, and stable disease
before enrollment.

The mean serum potassium levels of
the patients in groups A and B at baseline
were 5.574+0.26 and 5.58 +0.27 mmol/L,
respectively (P=0.081), and eGFR in
these groups were 23.2 and 25.2mlL/
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Table |. Baseline clinical characteristics of the subjects.
Total (n=107) Group A (n=53) Group B (n=54) P

Male, n (%) 64 (59.8) 33 (62.3) 31 (57.4) 0.694
Age, years 51+13.4 534129 49+ 13 0.134
Serum potassium, mmol/L 5.57+0.27 5.57+0.26 5.58 +0.27 0.081
CKD staging

Stage 3 CKD, n (%) 31 (29) 13 (24.5) 18 (33.3) 0.603

Stage 4 CKD, n (%) 42 (39.3) 22 (41.5) 20 (37) 0.602

Stage 5 CKD, n (%) 34 (31.8) 18 (34) 16 (29.6) 0.385
Serum creatinine, mg/dL 331 +£1.57 340+ 1.55 3.21 £+ 1.59 0.438
eGFR, mL/minute/1.73 m? 242+ 13 232+ 13 252413 0.4
Hypertension, n (%) 89 (83.2) 43 (81.1) 46 (85.2) 0.614
Diabetes, n (%) 16 (15) Il (20.8) 5(9.3) 0.097
Hemoglobin, g/dL 11.30+£1.92 11.21 £2.18 11.39£1.63 0.851
ACEIs/ARBs, n (%) 54 (50.5) 22 (41.5) 32 (59.3) 0.068
B-receptor blockers, n (%) 28 (26.2) 18 (34) 10 (18.5) 0.081

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor;

ARB, angiotensin receptor blocker.

minute/1.73 m?, respectively. Serum potassi-
um, sodium, TCO,, and calcium levels did
not differ between the groups at baseline
(Figure 2).

Curative effect analysis

Changes in serum potassium levels in the
two groups after treatment

After 3 days of treatment with calcium poly-
styrene sulfonate, serum potassium levels
were 0.68+0.46 and 0.75+ 0.43 mmol/L in
groups A and B, respectively (P=0.320).
The proportions of patients whose serum
potassium levels decreased to normal after
3 days of treatment were 60% and 70.6%
in groups A and B, respectively, with no sig-
nificance difference between the groups. The
serum potassium levels of four patients (8%)
were higher than the baseline level after
3 days of treatment (Table 2).

After 7 days of calcium polystyrene sul-
fonate treatment, serum potassium levels
had decreased by 0.64+0.37 and 0.94+
0.49 mmol/L in groups A and B, respective-
ly (P=0.001, Figure 3). The proportions of

patients whose serum potassium decreased
to normal after 7 days of treatment were
57.4% and 77.6% in groups A and B,
respectively (P =0.049, Table 2).

After 3 days of treatment, serum sodium,
total TCO,, and calcium levels did not
differ between the groups (Figure 4).

Safety analysis

Six patients were lost to follow-up. Of the
remaining 101 patients, only two patients
(1.98%) developed constipation, both of
whom were in group A. No serious adverse
reactions or deaths related to the treatment
were found.

Discussion

The total prevalence of CKD in China is as
high as 10.8%, and the total number of
patients is estimated to be as high as 120
million. The incidence of hyperkalemia in
patients with CKD is much higher than
that in patients without CKD.® The main
causes of hyperkalemia in patients with
CKD include decreased eGFR, decreased
renal potassium excretion, a high potassium
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Figure 2. Comparison of potassium, sodium, total TCO,, and calcium levels at baseline between the two

groups.

Table 2. Comparison of curative effects in the two groups.

Group Group A Group B P
Number of included patients 53 54
Serum potassium level at baseline, mmol/L 5.574+0.26 5.584+0.27 0.801
Number of patients who completed 3 days of treatment 50 51
Decrease of serum potassium levels, mmol/L 0.68 +-0.46 0.75+0.43 0.320
Number of patients with standard serum potassium (%) 30 (60%) 36 (70.6%) 0.300
Number of patients who do not achieve standard 20 (40%) 15 (29.4%) 0.300
serum potassium levels (%)
Number of patients with increased serum potassium 4 (8%) I (2%)
levels versus baseline (%)
Number of patients who completed 7 days of treatment 47 49
Decrease of serum potassium levels, mmol/L 0.64+0.37 0.94 £0.49 0.001
Number of patients with standard serum potassium levels (%) 27 (57.4%) 38 (77.6%) 0.049

diet in patients with relative residual renal
function, metabolic acidosis, and combined
use of ACEIs/ARBs or other potassium-
sparing drugs.” Studies have revealed that

with the decrease of eGFR, the mean serum
potassium levels in patients with stages 3, 4,
and 5 CKD were 4.36+0.49, 4.50+0.55,

and 4.69+0.73mmol/L,

respectively.'’
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Figure 3. The changes of serum potassium levels in the two groups after 3 and 7 days of treatment.
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Figure 4. Comparison of sodium, TCO,, and calcium levels after 3 days of treatment between the two
groups.

Patients with hyperkalemia have no specific At present, emergency treatments
clinical symptoms, and the illness can man- for severe hyperkalemia include calcium
ifest as muscle weakness and limb numb- gluconate, insulin, sodium bicarbonate,

ness, as well as fatal arrhythmias in severe B-adrenergic antagonists, diuretics, and
cases.'"'?>  Appropriate prevention and dialysis. It is worth noting that these meas-
timely treatment are extremely important. ures might be poorly tolerated in patients
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with advanced CKD because of the risk of
increased blood pressure and fluid retention.*

At the beginning of the study protocol
design, exchange resins can be used (calcium
polystyrene sulfonate, sodium polystyrene
sulfonate). Sodium polystyrene sulfonate is
a resin that exchanges sodium for potassium,
calcium, and ammonia and acts on the distal
portion of the colon.

Potassium-lowering sodium ion exchange
resin was first used in the clinic in 1953, and
it has been widely used in clinics in recent
years. Clinical trials illustrated that this resin
is effective in the treatment of mild hyper-
kalemia in patients with early-stage CKD.
However, it has side effects, such as gastro-
intestinal intolerance, hypocalcemia, magne-
sium deficiency, and intestinal necrosis. One
study found that patients with CKD and
eGFR <30mL/minute who used sodium
polystyrene sulfonate had a higher risk of
gastrointestinal events, including gastroin-
testinal hemorrhage.'?

Calcium polystyrene sulfonate (trade
name, Kalimate) is another resin that
exchanges calcium for potassium. It acts in
the intestine, and it is administered orally.
Similar to sodium polystyrene sulfonate, cal-
cium polystyrene sulfonate is a resin that acts
in the colon, exchanging potassium for calci-
um, and its efficacy in patients with hyper-
kalemia has been proven.'*!'> The main side
effect is constipation. Sodium polystyrene sul-
fonate did not affect serum calcium and phos-
phorus levels, nor did it cause serious adverse
events such as sodium retention and elevated
blood pressure and side effects such as func-
tional liver and kidney lesions,'®'® making it
useful for correcting calcium and phosphorus
metabolism disorders in patients with kidney
disease.

Our study evaluated 107 patients who
were randomly assigned to receive 15 or
30mg/day calcium polystyrene sulfonate
for 1 week. Serum potassium levels
were reduced by 0.68 to 0.75mmol/L.

After 7 days of treatment, the reduction of
serum potassium levels and the proportion
of patients whose serum potassium levels
reached the standard level were higher in
group B than in group A. The proportions
of patients whose serum potassium reached
the standard were 60% and 70.6% in
groups A and B, respectively. In this study,
constipation was observed in only two
patients, and the incidence of adverse reac-
tions in the gastrointestinal tract was only
1.98%, with all cases occurring in group A.
This suggested that calcium polystyrene sul-
fonate was safe for short-term treatment,
and it can be used as an effective treatment
for hyperkalemia.

The limitations of our study included a
lack of difference in efficacy in the two
drug doses after 3 days of treatment. The
reason could be that the effects of health
education, low-potassium diet consumption,
and potassium intake were also weaker in
the short term, and thus, there was no dif-
ference in the potassium reduction effect
between the two groups. Meanwhile, a
dose-dependent effect was observed after
1 week of treatment, which was consistent
with that reported in the literature.

In conclusion, although hyperkalemia is
a metabolic complication often observed in
patients with CKD that is associated with
severe outcomes, calcium polystyrene sulfo-
nate has been demonstrated to be effective
and well tolerated in the reduction of potas-
sium levels.
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