Sodium polystyrene sulfonate: still
news after 60 years on the market @
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Hyperkalaemia is common and potentially life-threatening in
multiple clinical settings, especially in chronic kidney disease
(CKD) [1, 2]. Potassium-binding resins (K resins) have been used
for 60years for the treatment of hyperkalaemia [3]. Sodium
polystyrene sulfonate (SPS) is a cross-linked polymer whose
reactive sulfonic groups exchange preloaded sodium (Na) for
another cation. As a result of the concentrations of Na" and K*
along the gastrointestinal (GI) lumen, the single favourable site
for Na'-K" exchange is the colon [4]. Although the exchanging
capacity of SPS is 1 mEq of potassium per 1 g of resin, efficiency in
vivo is lower because sodium release is only partial. Thus only ~10
mEq of potassium will be bound and excreted per 30 g of SPS [5].
SPS was approved by the US Food and Drug Administration (FDA)
in June 1958 as a ‘short-term’ treatment for hyperkalaemia, at a
time when dialysis was in its infancy [6], and 4 years before drug
manufacturers were required to prove the effectiveness and
safety of their products to market them. In 1962, on the basis of a
moderate potassium reduction (-0.9 + 0.1 mEq/L within 24 h, P<
0.0001) observed in a small uncontrolled study [n = 32
hyperkalaemic patients receiving oral (n = 24) or rectal (n = 8) SPS
in water, intravenous 20% dextrose and low-potassium diet] [3],
the FDA’s Drug Efficacy Study Implementation Program
considered SPS (Kayexalate powder) as ‘effective’. Of note, SPS
was not administered with a cathartic in this study, but in water
[3]. Given that the reduction of potassium levels is delayed for at
least 2h and peaks at 4—6h, SPS is not indicated as an emergency
intervention for hyperkalaemia (7, 8]. Although not available in
the USA, calcium polystyrene sulfonate (CaPS), which entraps



potassium in exchange for calcium, is also used in many other
countries [9].

Despite their long-term and common use in some countries, data
on the efficacy of K resins to reduce K levels are limited to a few
uncontrolled studies and small trials, with ambiguous and even
conflicting results until very recently. A small (n =33 CKD
patients with mild hyperkalaemia) randomized placebo-
controlled trial (RCT) showed a significant decrease of potassium
levels (~1 mEq/L) after a 7-day treatment with SPS compared
with placebo [10], whereas a recent retrospective cohort (n =122
patients, 38% with CKD) documented a direct relationship
between SPS dose (15, 30, 45 and 60 g) and a reduction in K levels
after a single dose (from -0.82 + 0.48 to -1.4 + 0.42mmol/L,
respectively) [11]. Furthermore, the K level reached the normal
range in 94% of patients after SPS. Overall, the wide variability in
the use of K resins between haemodialysis units and countries
participating in the Dialysis Outcomes and Practice Pattern Study
(DOPPS) may reflect, at least partially, the uncertainty
concerning their actual efficacy [9].

In contrast to the paucity of literature regarding the efficacy of K
resins, severe constipation was recognized as an adverse effect of
SPS very shortly after FDA approval [3]. Therefore a suspension
of SPS in 70% sorbitol was approved in 1982 for use in the USA
[12]. Since then, serious and sometimes fatal GI injury, mainly
colonic necrosis, has repeatedly been attributed to the use of both
oral [13] and especially rectal [14] SPS—sorbitol co-
administration. After an initial request to reformulate the resin
with 33% instead of 70% sorbitol [3], in 2009 the FDA issued a
black box warning against the concomitant formulation of SPS
and 70% sorbitol in high-risk patients, including those with a
history of bowel disease or surgery [6]. Nonetheless, a systematic
review of case reports documented that in 17 of 58 cases of
biopsy-proven GI injury associated with SPS (1948—-2011), the
SPS preparation did not contain sorbitol [15], showing that GI
adverse events may occur with SPS alone. GI injury was not
limited to the colon (44/58 patients) but was also observed in the
small intestine (n =12) and in the upper GI tract (n=2), as
previously reported [16]. Of note, several cases of colonic necrosis
have also been reported under CaPS use, with daily doses ranging
from 45 to 90 g, with or without sorbitol [17].



Over the past decades, the available information was limited to
case reports and case series, leading to persistent ambiguity
regarding the strength of the association. The first estimate of
risk was provided by a retrospective case—control study including
123 391 inpatients (2194 being prescribed SPS, almost all
receiving oral SPS in 33% sorbitol) at a tertiary hospital over a
9-year period [18]. Although this study showed a 2-fold (non-
significant) increase in the incidence of colonic necrosis in SPS
users compared with non-users, SPS-associated colonic necrosis
was extremely rare (0.14% versus 0.07%, respectively; relative
risk 2.1, P=0.2). Indeed, among 82 tissue-confirmed cases of
colonic necrosis, only 3 were associated with SPS use (occurring
within 30 days after SPS prescription, regardless of whether SPS
crystals were present). Of note, none of the 850 outpatients
prescribed SPS presented colonic necrosis. Although this study
undoubtedly represented definite progress, the risk of GI injury is
likely to have been underestimated because only cases of biopsy-
proven colonic necrosis were included. SPS was not associated
with GI adverse events compared with placebo in the RCT by
Lepage et al. [10], but the duration of treatment was short (6.9
days). Importantly, no severe GI adverse event was documented
in a recent retrospective study from South Korea, including 247
patients with CKD (eGFR 30 + 15 mL/min/1.73 m”) and mild
hyperkalaemia, using low doses of CaPS (8 g/day) for up to 56
months [17].

In this issue of Nephrology Dialysis Transplantation, Laureati et al.
[19] publish data based on the Swedish Renal Registry and the
Swedish national drug dispensation register. They examined SPS
use and GI safety during 2006—16. Among 19 530 adults (mean
age 73 years) with CKD Stages 4—5 (2714 on chronic dialysis),
naive to SPS, 3690 initiated oral SPS without sorbitol (1288 on
chronic dialysis), with 60% for chronic use and using lower
dosages in 85% of cases than recommended by the product label.
Compared with unexposed periods and after adjustment for 26
covariates, SPS use was associated with hospitalization or death
due to intestinal ischaemia/thrombosis or GI ulcers and
perforation {hazard ratio [HR] 1.25 [95% confidence interval (CI)
1.05-1.49]}. The risk was higher in patients treated with the
recommended ‘per label’ (high) dose. When each GI outcome was
considered separately, the association persisted for GI ulceration
and perforation but was not significant for intestinal ischaemia



or thrombosis, possibly due to the low number of events.
Furthermore, the risk for minor GI adverse events (requiring de
novo prescription of laxatives or anti-diarrheal drugs) was also
higher during SPS exposure [HR 1.11 (95% CI 1.03-1.19)], with
again a stronger association for higher (‘per label’) doses. Of
note, the association of both severe and minor GI events could
not be demonstrated for low SPS dosages. Surprisingly, this is the
first study providing detailed practice patterns of SPS use
(prescription and dispensation) in a nation-wide cohort, 60 years
after the start of clinical use [19]. A definite strength of the study
is the contemporary pattern of use.

Interestingly, SPS is dispensed chronically in more than half of
Swedish CKD Stage G4-5 patients, at moderate to low dosages,
which means that in most cases it is prescribed ‘off label’ for
chronic K control. This is in line with the K resin prescription
patterns documented in the DOPPS. Indeed, when prescribed in
HD patients, K resins are used for the chronic prevention or
management of hyperkalaemia, as suggested by the dose and
frequency of the prescription (from 15 g daily to 15 g weekly) [9].
Interestingly, a large recent retrospective population-based
cohort study from Canada including 40 040 older adults (>66
years) similarly documented a significant 2-fold higher incidence
of hospitalization for serious adverse GI events in 20 020 SPS
users within 30 days of first prescription compared with 20 020
matched non-users [20]. Although GI serious injury remained a
rare event [37 events in users (0.2%) versus 18 events in non-
users (0.1%)], the increased risk was consistent in high-risk
subpopulations and after several sensitivity analyses. However,
characteristics of the included population (mean age 78 years,
diabetes 52%, numerous comorbidities) make it difficult to
extrapolate the results to younger, less ill individuals.
Additionally, the actual dose and route of SPS administration
were not known and the number of events was small in some
subgroups. Of note, only 1% of included patients were on
maintenance dialysis [20].

Where do we go from here? Should SPS use be definitively
discouraged? Although these new findings document some
concern about SPS GI safety, they deserve several comments.
First, as previously documented [15], the increased incidence of
both severe and minor GI events among SPS users appears to be



dose-dependent, with no clear association in low-dose users.
Indeed, ‘high’ doses in this study were ‘per label’ doses, i.e. those
recommended by the FDA for ‘short-term’ treatment of
hyperkalaemia (15 g two to four times per day until normalization
of potassium levels) [5]. Second, as acknowledged by Laureati et
al. [19], this observational study does not prove causality because
GI injury could also be favoured by conditions concomitantly
causing hyperkalaemia and GI harm, especially in patients with
advanced CKD and comorbidities. Third, although relative risks
for GI events are increased, absolute risks remain very low.
Finally, as in the Canadian cohort [20], patients participating in
this study were older (mean age 73 years) and suffered from
many comorbidities. Admittedly, these characteristics are found
in most CKD patients. However, the risk of GI adverse events may
be lower in younger patients, even with CKD.

Patiromer, an organic polymer exchanging potassium for calcium
in the distal colon, has been approved by the FDA and European
Medicines Agency (EMA) in 2015 and 2017, respectively, for the
treatment of hyperkalaemia, on the basis of significant, dose-
dependent reductions in serum potassium at 48 h and ability to
maintain normokalaemia over months of therapy in most CKD
patients with mild to moderate hyperkalaemia [21—-23].
Unfortunately, none of the above-mentioned trials included
patients with Stage 5 CKD. The safety profile of patiromer was
considered to be acceptable. Constipation, the most common side
effect (11% of patients), required patiromer withdrawal in very
few patients. There were no serious GI adverse events.
Hypomagnesaemia was observed in 5.9% of patients on
patiromer versus no patient receiving placebo [21, 23].

Sodium zirconium cyclosilicate (ZS-9 or SZC) is a highly selective
inorganic crystalline cation exchanger that entraps potassium in
exchange for hydrogen and sodium in the GI lumen, showing
>25-fold selectivity for K" over either Ca* or Mg** [24]. The onset
of effect is within 1h [25], and SZC was effective in lowering
moderate to severe hyperkalaemia within 4 h in two Phase III
clinical trials [25, 26]. Furthermore, SZC was effective at lowering
potassium, even in CKD Stage 5 [27] and chronic HD patients
[28]. These findings led to approval for the treatment of
hyperkalaemia by both the FDA and EMA in 2018. In a Phase III
clinical trial including 753 patients with mild to moderate



hyperkalaemia (593 and 158 receiving increasing doses of SZC
and placebo, respectively), diarrhoea was the most common side
effect in both groups, although not frequently observed (1.8%
and 2.5% in the ZS-9 and placebo groups, respectively) [25]. A
dose-dependent mild increase in serum bicarbonate (probably
due to ammonium-ion trapping) [29] was also detected, a
finding that can hardly be considered as a concern or side effect
in late CKD or dialysis patients prone to metabolic acidosis, as
was a prolongation of the corrected QT interval (from 0.03 to 10.3
ms) [25]. Hypomagnesaemia was not observed. Of note, oedema
occurred in 13.1% of 61 SZC patients with heart failure in the
Hyperkalemia Randomized Intervention Multidose ZS-9
Maintenance (HARMONIZE) trial, a higher frequency than in the
placebo group, and a role for the sodium content of SZC cannot be
excluded [30]. Interestingly in the very recent Dialyze study in HD
patients, interdialytic weight gain, usually tightly correlated with
salt balance, was not significantly different in patients
randomized to SZC versus placebo, a reassuring finding.

In conclusion, the study by Laureati et al. [19] expands on
previous evidence of GI adverse events associated with SPS use.
However, GI events remain rare and dose-dependent. The
increased risk of GI adverse outcomes is documented for higher
dosages, recommended only for the short-term treatment of
hyperkalaemia. The long-term experience with SPS use and the
large number of patients treated with SPS in many countries
should be balanced with the much greater quality of scientific
data available for the new K binders. However, although
patiromer and SZC undoubtedly progress the treatment of
hyperkalaemia, relatively recent real-life experience with both
new molecules suggests that their tolerance is better than that of
SPS, but unfortunately there have been no head-to-head
comparisons between SPS and any of the new, more expensive
binders. More data are required about the long-term safety and
tolerance of the latter, especially in patients with severe/end-
stage CKD. On the basis of current evidence, SPS should be
avoided at high doses for continuous use, especially in patients
with bowel disease or recent GI surgery. In contrast, we still use
this molecule for chronic hyperkalaemia, but at lower dosages
and off label, awaiting hopefully the widespread reimbursement
in ESKD patients of the newer K binders.
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