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Background. Sodium polystyrene sulfonate (SPS) is a chelating agent used for the treatment of hyperkalemia. SPS has a wide range of
exchange capacity requiring close monitoring of serum electrolytes. We observed two patients who developed acute hypocalcemia
and increased metabolic alkalosis after initiating SPS therapy. We report these cases to draw attention to the potential risk of this
medication in pediatric patients. Case Diagnosis/Treatment. Two children with chronic kidney disease on dialysis were started on
SPS for hyperkalemia. Within a week after initiation of the medication, both patients developed hypocalcemia on routine labs
without overt clinical manifestations. The hypocalcemia was rapidly corrected with oral supplementation and discontinuation of
SPS. Conclusions. Severe hypocalcemia can develop after SPS therapy. The metabolic alkalosis in these patients associated with the
hypocalcemia put them at increased risk for complications. Hence, careful attention must be paid to the state of calcium metabolism
in all patients receiving SPS. Often calcium supplementation is required to maintain normal calcium levels.

1. Introduction 2. Case Presentation

2.1. Case 1. An 18-month-old male child with steroid resis-
tant nephrotic syndrome due to diffuse mesangial sclerosis
rapidly progressed to end stage renal disease. He was ini-
tially started on hemodialysis followed by chronic peritoneal
dialysis (PD). His chronic medications included lansopra-
zole, hydrocortisone, sevelamer, levothyroxine, amlodipine,
epogen, ferrous sulfate, multivitamin, erythromycin, and
albuterol. His main source of nutrition was a peptide-
based formula that provided 1008 mg of calcium, 540 IU of
vitamin D, and 30.4 mEq of potassium per day. The dialysate
contained 2.5 mEq/I of calcium.

A year after being on PD, he developed persistent hyper-
kalemia (serum potassium 5.2 to 5.9 mEq/L) with increased

Sodium polystyrene sulfonate (SPS) is a cross-linked poly-
mer, used in the treatment of hyperkalemia. It contains sul-
fonic groups bound to sodium ions that are easily exchanged
for other cations in solution. When taken orally or rectally,
the resin exchanges sodium ions for potassium ions in the
intestine before being excreted. SPS may also be added to
formula as a chelating agent to decrease potassium load.

SPS has such a wide range of exchange capacity that close
monitoring of serum electrolytes is necessary. Its principle
side effect has been excessive sodium load, but hypokalemia,
hypocalcemia, and even tetany have been described after
SPS therapy [1, 2]. We report two patients who developed

acute hypocalcemia and increased metabolic alkalosis after
initiating SPS therapy. These cases draw attention to the
potential risk of this medication in pediatric patients.

doses of enalapril and was started on 0.5 g/kg of SPS. A month
later, routine blood work noted improved serum potas-
sium at 3.9 mEq/l, metabolic alkalosis (serum bicarbonate of
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FIGURE 1
35mEq/l), hypocalcemia (calcium of 6.1 mg/dl, serum albu- 6 months earlier was 33 ng/dL. On examination, heart rate

min of 3.3 g/dl), and phosphorus of 3.7 mg/dL (Figure 1(a)). =~ was about 130/min and blood pressure was 102/58 mmHg.
Intact PTH level had increased in the last month from  He had no tetany, normal deep tendon reflexes, a negative
118.4 pg/ml to 180.4 pg/ml and 25(OH)-Vitamin D checked = Chvostek sign, and no electrocardiogram (EKG) changes.
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He was started on 0.1 mcg of calcitriol weekly and 350 mg
of calcium carbonate supplement three times a day (admin-
istered in between feeds). In a week his potassium was
4.7 mEq/L and calcium improved to 7.1 mg/dL. The following
month, he had a potassium of 5 mEq/L, serum bicarbonate of
36 mEq/L, serum calcium concentration of 8 mg/dl (albumin
of 3.7 g/dL), phosphorus of 2.4 mg/dl, and intact PTH level of
190 pg/ml. He had blood pressure of about 90/60 mmHg and
enalapril was stopped. Sevelamer was decreased from 4.8 g to
3.2 g and SPS was discontinued.

A week later, he was noted to have a serum potassium
concentration of 6.7 mEq/L, serum bicarbonate of 30 mEq/L,
calcium of 8.3 mg/dl, and phosphorus of 3.3 mg/dL. He was
started on 30 g of SPS (0.8 g of SPS per mEq of potassium in
the formula) added to his formula for decanting. He was con-
tinued on calcium carbonate three times a day (administered
with bolus feeds) and sevelamer was discontinued. Repeat
serum potassium concentration was 5 mEq/L.

He had episodes of vomiting and diarrhea while being on
SPS. About one week later, he had routine blood work done
which was again notable for hypokalemia (serum potassium
concentration of 1.7 mEq/L), persistent metabolic alkalosis
(serum bicarbonate 35mEq/L), and severe hypocalcemia
(serum calcium of 4.8 mg/dL, albumin level of 3.3 g/dL).
The serum phosphorus level was 4.8 mg/dL and magnesium
1.72mg/dL. In the ED, he had a transient breath holding
spell, heart rate of about 120/min and blood pressure of
114/55 mmHg, no tetany, normal deep tendon reflexes, and
anormal EKG. He was treated with intravenous calcium and
potassium. SPS was discontinued, calcium supplements were
increased to 810 mg/day, and he was dialyzed on high calcium
(3.5mEq/L) dialysate fluid with 1mEq/L of potassium. At
the time of discharge his serum potassium concentration
was 4.3 mEq/L, calcium concentration was 7.9 mg/dL, serum
phosphorus level was 4 mg/dL, and magnesium level was
2.2 mg/dL. Most recently, he has maintained a stable calcium
of about 9.4 mg/dL while off of SPS.

2.2. Case 2. Second case is male with chronic kidney disease
(CKD) secondary to posterior urethral valves who was main-
tained on chronic PD since 8 months of age.

At 17 months of age, while on PD, his serum potassium
and phosphorus were low at 3.0mEq/L and 2.9 mg/dL,
respectively, for which he was started on 15 mEq of potassium
phosphate supplements per day. He was not receiving SPS at
that time. Two weeks later, he developed stridor with agitation
and was diagnosed with croup. He improved after treatment
with racemic epinephrine and dexamethasone. The following
week, his symptoms returned and he again was diagnosed
with croup. His laboratory tests were significant for severe
hypocalcemia (serum calcium of 4.2mg/dL and ionized
calcium < 0.25 mmol/L). This episode was attributed to recent
initiation of potassium phosphate. Hypocalcemia resolved
with intravenous and enteral calcium supplementation and
discontinuation of potassium phosphate.

At 28 months of age, his chronic medications included
cholecalciferol (400IU daily), lansoprazole, 2.5mEq daily
potassium chloride, somatotropin, metoclopramide, Neph-
ronex, ferrous sulfate, and epogen. He was on formula feeds

with Suplena (given by mouth and G-tube) that contained
570 mg of calcium, 451U of vitamin D daily, and 15.5 mEq
of potassium. The dialysate contained 2.5 mEq/L of calcium.
His serum bicarbonate level was 26 mEq/l, serum calcium
was 10.1 mg/dl (albumin concentration of 3.9 g/dl), phospho-
rus was 7.3 mg/dl, intact PTH concentration was 801 pg/ml,
and 25(OH)-Vitamin D concentration was 672 ng/ml. The
cholecalciferol was discontinued. Sevelamer (1600 mg added
to the formula for decanting) was started at this visit.
About one week later he underwent lysis of intra-abdominal
adhesions due to pain and abdominal distention with PD.
Due to recurrence of symptoms and leakage of PD fluid,
he was admitted for initiation of hemodialysis (HD) due to
ultrafiltration failure.

At the time of initiation of HD he had a serum bicarbon-
ate concentration of 31 mEq/I and calcium of 8.6 mg/dl. His
was dialyzed on a 2.5 mEq/I calcium bath. He was started on
0.25mcg of intravenous calcitriol; intravenous epogen and
potassium supplements were discontinued. His Sevelamer
was changed to 400 mg four times a day with feeds.

Five days after discharge, he developed a hemoglobin level
of 6.9 g/dl requiring a 20 ml/kg red blood cell transfusion and
was started on maintenance intravenous iron. He was contin-
ued on a2 mEq/L potassium and 2.5 mEq/L calcium dialysate
bath. Two days later, during his outpatient HD treatment, he
was noted to have hyperkalemia (potassium of 6.6 mEq/L)
and was switched to a 1mEq/L potassium dialysate bath. He
had persistent hyperkalemia at his next dialysis visit (potas-
sium level of 6.1 mEq/L) and was started on 10 g of SPS daily.
At this time his serum bicarbonate was 28 mEq/L, calcium
was 10.6 mg/dL, phosphorus was 7.8 mg/dL, magnesium was
3.8 mg/dL, and intact PTH was 1539 pg/ml (Figure 1(b)). He
also had persistent diarrhea. Two days after starting SPS,
he had potassium of 4.6 mEq/L and calcium of 7.4 mg/dL.
Three days later the patient was noted to be hypokalemic
(potassium of 3.4 mEq/L) and he had metabolic alkalosis
(serum bicarbonate of 32mEq/L), hypocalcemia (calcium
of 6.3mg/dL), phosphorus of 10.4 mg/dL, and magnesium
2.9mg/dL. His heart rate was about 90/min and blood
pressure about 110/60 mmHg and he had no tetany, normal
deep tendon reflexes, and a negative Chvostek sign. He was
admitted and started on calcium carbonate dosed at 200 mg
of elemental calcium three times a day (later increased to
270 mg of elemental calcium) and SPS was discontinued.
An EKG showed nonspecific ST-T wave abnormalities and
normal QT. Telemetry showed appropriate sinus bradycardia
overnight without evidence of heart block. His new dialysate
contained 1 mEq/L potassium and 4 mEq/L calcium. Calcium
levels improved to 8.1 mg/dL, serum bicarbonate of 27 mEq/L,
and phosphorus (postdialysis) of 4.4 mg/dL prior to discharge
home. Most recently, he has maintained a stable calcium of
about 8.8 mg/dL and potassium of 3.7 mEq/L oft SPS.

3. Discussion

Both the children with CKD and on dialysis were started on
SPS for hyperkalemia. Within a week after initiation of the
medication, both developed hypocalcemia on routine labs
without overt clinical manifestations. The hypocalcemia was
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TABLE 1: Potassium sparing agents for management of hyperkalemia [3].
. Sodium zirconium .
Sodium polystyrene sulfonate (SPS) cyclosilicate Patiromer
FDA approval Approved Still pending Approved in adults

Mechanism of action

Adverse effects

Nonspecific sodium-cation exchange resin

Colon necrosis, GI disturbances, hypokalemia,
hypomagnesemia, hypocalcemia, metabolic alkalosis

Selective potassium Calcium based cation exchange
cation binding agent resin
GI disturbances,
hypokalemia

GI disturbances, hypokalemia,
hypercalcemia, hypomagnesemia

rapidly corrected with oral supplementation and discontinu-
ation of SPS.

Potassium exchange resins are used to treat hyperkalemia
in CKD frequently. It removes potassium by exchanging
sodium ions for potassium ions in the intestine before the
resin is excreted. Hypokalemia, hypocalcemia, and even
tetany have been described after SPS therapy [1, 2]. A
study done by Greenman et al. on patients with congestive
heart failure and edema treated with exchange resin therapy
showed that four of the twelve patients had abnormally low
calcium values after prolonged treatment and three others
had only slight decrease in their serum calcium levels [4].
The affinity of ion-exchangers for cations of bivalent elements
such as calcium is greater than that for univalent ions such
as potassium. Among the univalent ions, the affinity for
hydrogen ions exceeds most others [5]. There is a steady loss
of calcium in the gut which leads to a risk of gradual dem-
ineralization of bone when patients are maintained on cation
exchangers for months to years. These studies noted that
when patients developed hypocalcemia, the serum calcium
levels increased only temporarily with supplementation. The
rapid removal of calcium is likely due to deposition in the
bones [2, 5]. Our patients however, were noted to have an
acute drop in their serum calcium levels within a week
of initiation of SPS therapy. Their hypocalcemia responded
rapidly to calcium supplementation.

Multiple studies have been done measuring the calcium
and potassium content in formulas pretreated with SPS. A
retrospective study in Seattle done in 2013 showed, within 72
hours, there was an average 24% decrease in serum potassium
after pretreatment of formula or breastmilk with SPS [6]. In
1972, Starbuck showed a decrease in potassium and calcium
ion content and an increase in sodium content of milk treated
with SPS [7]. A more recent study by Bunchman et al
showed an average drop in calcium levels by 66% in formula
pretreated with 1gm SPS per milliequivalent of potassium in
the formula. Human testing in five patients did not show any
clinical symptoms of hypocalcemia [8]. Hobbs et al. suggested
the use of adult renal formulas that are low in minerals to
manage nutrition of hyperkalemic infants with CKD without
complications [9].

There are case reports of metabolic alkalosis occurring in
patients receiving alkali therapy along with SPS [1, 10]. This
occurs because, in the presence of an ion exchange resin, the
salt formed by interaction of the antacid with hydrochloric
acid in the stomach does not neutralize the bicarbonate in
the small bowel. The bicarbonate that is reabsorbed by the

gut cannot be excreted in the presence of poor renal function,
leading to metabolic alkalosis.

Newer agents, including sodium zirconium cyclosilicate
and patiromer have been studied for the use management of
chronic hyperkalemia in patients with CKD [3, 11, 12]. Details
comparing currently available drugs used for hyperkalemia
are shown in Table 1.

Metabolic acidosis of chronic renal failure usually pro-
tects patients from overt symptoms of hypocalcemia. Tetany
or seizures may occur when acidosis is corrected rapidly
without correcting hypocalcemia at the same time.

Severe hypocalcemia can develop after SPS therapy. The
metabolic alkalosis in these patients associated with the
hypocalcemia put them at increased risk for complications.
This report illustrates the necessity of very close monitoring
of electrolytes, calcium, and phosphorus balance in pedi-
atric patients on dialysis. Often calcium supplementation is
required to maintain normal calcium levels. Newer agents
including patiromer and sodium zirconium cyclosilicate are
potentially safer medications for management of hyper-
kalemia in patients with CKD.

Conflicts of Interest

The authors have no conflicts of interest to disclose.

References

[1] H.A.Ziessman, “Alkalosis and seizure due to a cation-exchange
resin and magnesium hydroxide,” Southern Medical Journal, vol.
69, no. 4, pp. 497-499, 1976.

[2] D.Macaulay and G. Watson, “Tetany following cation-exchange
resin therapy;” The Lancet, vol. 264, no. 6828, pp. 70-71, 1954.

[3] M. Chaitman, D. Dixit, and M. B. Bridgeman, “Potassium-
binding agents for the clinical management of Hyperkalemia,”
Pharmacy and Therapeutics, vol. 41, no. 1, p. 43, 2016.

[4] L. Greenman, J. B. Shaler, and T. S. Danowski, “Biochemical
disturbances and clinical symptoms during prolonged exchange
resin therapy in congestive heart failure,” The American Journal
of Medicine, vol. 14, no. 4, pp. 391-403, 1953.

[5] W. Dock and N. R. Frank, “Cation exchangers: Their use and
hazards as AIDS in managing edema,” American Heart Journal,
vol. 40, no. 4, pp. 638-645,1950.

[6] K. Thompson, J. Flynn, D. Okamura, and L. Zhou, “Pre-
treatment of formula or expressed breast milk with sodium
polystyrene sulfonate (Kayexalate®) as a treatment for hyper-
kalemia in infants with acute or chronic renal insufficiency;,”
Journal of Renal Nutrition, vol. 23, no. 5, pp. 333-339, 2013.



Case Reports in Nephrology

[7] W. C. Starbuck, “Reduction of potassium and calcium in milk
by sodium sulfonated polystyrene resins,” Kidney International,
vol. 2, no. 3, pp. 175-177, 1972.

[8] T. E. Bunchman, E. G. Wood, M. H. Schenck, K. A. Weaver,
B. L. Klein, and R. E. Lynch, “Pretreatment of formula with
sodium polystyrene sulfonate to reduce dietary potassium
intake,” Pediatric Nephrology, vol. 5, no. 1, pp. 29-32, 1991.

[9] D. J. Hobbs, T. R. Gast, K. B. Ferguson, T. E. Bunchman,
and G.-M. Barletta, “Nutritional management of hyperkalemic
infants with chronic kidney disease, using adult renal formulas,”
Journal of Renal Nutrition, vol. 20, no. 2, pp. 121-126, 2010.

[10] H. J. Baluarte, J. Prebis, M. Goldberg, and A. B. Gruskin,
“Metabolic alkalosis in an anephric child caused by the com-
bined use of Kayexalate and Basaljel,” The Journal of Pediatrics,
vol. 92, no. 2, pp. 237-239, 1978.

[11] M. R. Weir, G. L. Bakris, D. A. Bushinsky et al., “Patiromer in
patients with kidney disease and hyperkalemia receiving RAAS
inhibitors,” The New England Journal of Medicine, vol. 372, no.
3, pp. 211-221, 2015.

[12] D. K. Packham, H. S. Rasmussen, P. T. Lavin et al., “Sodium
zirconium cyclosilicate in hyperkalemia,” The New England
Journal of Medicine, vol. 372, no. 3, pp. 222-231, 2015.



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl D Journal of
Diabetes Research

World Journal Research and Practice

)
&

=
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
https://www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based
Complementary and
Alternative Medicine

Journal of

Oncology

Parkinson’s
BINEENE

Computational and . ‘
Mathematical Methods Behavioural A' DS Oxidative Medicine and
in Medicine Neu rology Research and Treatment Cellular Longevity




