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ABSTRACT

‘Old-generation’ potassium (K) binders [i.e. sodium (SPS) and calcium polystyrene sulfonate] are widely used, but with
substantial heterogeneity across countries to treat hyperkalaemia (HK). However, there are no randomized data to
support their chronic use to manage HK, nor have they been shown to have a renin–angiotensin–aldosterone system
inhibitor (RAASi)-enabling effect. These compounds have poor tolerability and an unpredictable onset of action and
magnitude of K lowering. Furthermore, SPS may induce fluid overload, owing to the fact that it exchanges K for sodium.
Its use has also been associated with colonic necrosis, as emphasized by a black box warning from the US Food and Drug
Administration. In contrast, two new K binders, patiromer and sodium zirconium cyclosilicate, have been shown to be
safe and well tolerated for chronic management of HK, thereby enabling RAASi optimization, as acknowledged by the
latest international cardiorenal guidelines. In view of the lack of reliable evidence regarding the efficacy and safety of the
old-generation K binders compared with the placebo-controlled randomized and real-word evidence demonstrating the
safety, efficacy and RAASi-enabling effect of the new K binders, clinicians should now use these new K binders to treat
HK (primum non nocere!).
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‘Old-generation’ potassium (K) binders, i.e. sodium (SPS) and cal-
cium (CPS) polystyrene sulfonate, are used widely to treat hy-
perkalaemia (HK), with substantial heterogeneity across coun-
tries [1–3]. SPS is the most frequently used old-generation K
binder in several countries, while CPS is more commonly used
in Spain [4]. The Dialysis Outcomes and Practice Patterns Study
(DOPPS) 2002–2011 data showed that France is the countrywhere
K-binding agents are most frequently prescribed. Indeed, in Bel-
gium, Canada, Italy and Sweden, ≥5% of patients undergoing

renal dialysis were prescribed a sodium-based K-binding agent.
In contrast, in the UK, Spain and Japan it was <1%, and in
the USA, Australia/New Zealand and Germany it was 1–3%. In
France, 40–50% of patients undergoing renal dialysis were pre-
scribed a K-binding agent, in contrast to 20% overall [1]. A more
recent prospective French survey from the Lorraine region (2 Jan-
uary 2014–31 December 2015) of 14 chronic haemodialysis cen-
tres reported that 61% of patients were prescribed a K-binding
agent, mainly SPS [3]. Such heterogeneity is observed not only
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in haemodialysis centres, but throughout the cardiorenal con-
tinuum, as shown by a European survey [2].

As yet, there are no randomized data to support the chronic
use of the old-generation K binders to manage HK, nor has there
been evidence of a renin–angiotensin–aldosterone system in-
hibitor (RAASi)-enabling effect. These compounds have poor tol-
erability and their long-term adherence is negatively impacted
by poor palatability, a high incidence of constipation [4], an un-
stable onset of action and an unpredictable degree of K lowering
[5]. Furthermore, SPS may induce fluid overload [6], owing to the
fact that it exchanges K for sodium [5].

These old-generation K binders were approved decades ago,
at a time when adequately designed randomized controlled
trials were not required to determine efficacy and safety. So
far, there are only three recently published short-term trials:
a 3-day randomized study of SPS or CPS in 97 CKD patients
with HK, which found an increase in diastolic blood pressure in
SPS-assigned patients, associated with its K+–sodium (Na+) ex-
change mechanism versus K–calcium [7]; a one day-single dose
study in 6 patients with chronic renal failure [8] and a 7-day ran-
domized trial in 33 patients [9]. In the latter, a single-centre trial
in 33 mildly HK (K+ 5–5.9 mmol/L) CKD outpatients randomized
to 30 g SPS or placebo, SPS was found to be superior to placebo
in reducing serum K levels [mean difference between groups
−1.04 mEq/L (95% confidence interval −1.37 to −0.71)]. A higher
proportion of patients in the SPS group attained normokalaemia
at the end of their treatment compared with those on placebo,
but the difference did not reach statistical significance (73%
versus 38%; P = 0.07). Furthermore, there was a trend toward
a higher rate of electrolytic disturbances and an increase in
gastrointestinal (GI) side effects in the group receiving SPS [9].

Real-world observational data provide conflicting results re-
garding the old-generation K binders,with some suggesting that
SPS may induce colonic necrosis [10, 11], while others do not
[12, 13]. The DOPPS from 2002–2011 showed that K agent pre-
scription was associated with an additional 250 g of interdia-
lytic weight gain, which in previous studies has been associated
with worse outcomes in an adjusted model, likely as a result
of the Na content of the Na-based agent SPS increasing thirst
and fluid consumption. Despite this, fully adjusted models af-
ter multivariate adjustment did not suggest either a benefit or
a concern, as survival was similar with or without K agent use
[1]. In a nationwide French observational survey, SPS and CPS
users did not experience more adverse GI events in the year,
and even 5 years, after initiation. Surprisingly, SPS and CPS use
was found to be associated with a lower rate of non-GI hospital-
izations and deaths [12]. The authors acknowledged, however,
that ‘patients who took SPS were younger and had a lower co-
morbid burden than patients who never took SPS’ and that ‘all
these data are observational and are prone to many sources of
bias, including attribution bias, unmeasured confounding, re-
verse causation and therefore causality cannot be inferred’ [12].
The authors also point out that it has also been suggested that
the SPS-associated GI risk may be linked to sorbitol, a cathartic
agent often given with SPS to prevent constipation. Kayexalate,
the commercial SPS used in France, does not contain sorbitol,
and the absence of GI risk found in France could be due to the
SPS formulation [12].

While randomized evidence is lacking to determine the
efficacy and safety of SPS and real-world evidence is conflicting,
there is a black box warning from the US Food and Drug Admin-
istration (FDA) related to the safety of SPS [6]. The FDA warning
states that SPS may cause ‘Intestinal Necrosis: Cases of intesti-
nal necrosis which may be fatal. Other serious gastrointestinal

adverse events (bleeding, ischemic colitis and perforation) have
also been reported in association with Kayexalate use. The
majority of these cases however reported the concomitant use
of sorbitol. Risk factors for gastrointestinal adverse events were
present in many of the cases including prematurity, history of
intestinal disease or surgery, hypovolemia, renal insufficiency
and failure. Concomitant administration of sorbitol is not
recommended (see PRECAUTIONS, Drug Interactions).

• Use only in patients who have normal bowel function. Avoid
use in patients who have not had a bowel movement post-
surgery (including those with history of impaction, chronic
constipation, inflammatory bowel disease, ischemic colitis,
vascular intestinal atherosclerosis, previous bowel resection,
or bowel obstruction).

• Discontinue use in patients who develop constipation’.

Furthermore, the FDA emphasizes that ‘Caution is advised
when Kayexalate is administered to patients who cannot toler-
ate even a small increase in sodium load (i.e. severe congestive
heart failure, severe hypertension, ormarked edema). In such in-
stances compensatory restriction of sodium intake from other
sources may be indicated. In the event of clinically significant
constipation, treatmentwith Kayexalate should be discontinued
until normal bowel motion is resumed’. An increase in serum
Na as a result of SPS administration to patients with CKD is of
concern, even in the absence of overt oedema. Even an inappar-
ent increase in blood volume in patients with CKD, who tend to
be volume overloaded, could lead to an increase in the RAAS, re-
sulting in an increase in vascular stiffness and cardiac and renal
fibrosis and thus an increase in adverse cardiorenal outcomes.

These recommendations from the FDA, as well as our under-
standing of the consequences of increasing Na in patients with
CKD, should prevent clinicians fromusing SPS chronically in car-
diorenal patients with or at risk of HK.

In contrast, the recently available new K binders patiromer
and sodium zirconium cyclosilicate (SZC) are safe and well tol-
erated. These new K binders are a major advance in the chronic
management of HK, potentially enabling RAASi optimization [5],
as demonstrated in the randomized clinical trials of patiromer
[14–17], especially regarding the use of mineralocorticoid recep-
tor antagonists. Both patiromer and SZC are well tolerated and
have a sustainable effect, ascertained by uncontrolled 52-week
open-label studies [18–20] in initially HK patients. Importantly,
a consistent rebound increase in serum K has been observed
following their discontinuation. This underlines the need for
chronic administration and patient education in patients prone
to recurrent HK [21]. The safety and tolerability of patiromer was
recently confirmed by a global pharmacovigilance database col-
lected over 4 years, in that no new safety issues were reported
compared with data from the clinical trial program [22].

Preventing or managing HK with the new K binders reduces
the need for down-titration or cessation of RAASis, as acknowl-
edged by the latest guidelines [23–26]. Furthermore, Kidney Dis-
ease: Improving Global Outcomes guidelines endorse the new
potassium binders for the treatment of HK in patients with CKD
[24, 25]. The latest European Society of Cardiology heart failure
guidelines state that administration of the K-lowering agents
patiromer or sodium zirconium cyclosilicate may allow renin–
angiotensin–aldosterone system (RAAS) inhibitor initiation or
up-titration in a larger proportion of patients [26]. While RAASi
maintenance is associated with better cardiovascular outcomes
in observational studies, evidence of cardiovascular and re-
nal protection via RAASi enablement through the use of the
new K binders from adequately powered, long-term randomized
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trials is currently lacking. Accordingly, the latest American Col-
lege of Cardiology/American Heart Association heart failure
guidelines state that in patients with heart failure who expe-
rience hyperkalaemia (serum K level ≥5.5 mEq/L) while tak-
ing a renin–angiotensin–aldosterone system inhibitor (RAASi),
the effectiveness of K binders (patiromer, sodium zirconium
cyclosilicate) to improve outcomes by facilitating continuation
of RAASi therapy is uncertain [27] and this is presented as an
area of evidence gaps and a future research direction. It should
be noted that a patient-level simulationmodel designed to char-
acterize the natural history of patients with CKD supports the
notion that maintaining normokalaemia enables optimal RAASi
therapy and improves long-termhealth and economic outcomes
in CKD patients [28].

Finally, a multidisciplinary academic panel including
nephrologists and cardiologists was recently convened to de-
velop a consensus therapeutic algorithm aimed at optimizing
the use of the two novel K binders (patiromer and SZC) in stable
adults who require treatment with RAASi and experience HK.
The panel proposed using pragmatic diagnostic and therapeutic
algorithms to optimize new K binder use in cardiorenal disease.
However, algorithms for the old-generation K binders were not
considered, in view of the lack of randomized data and related
reliable evidence necessary to generate a diagnostic (including
monitoring regimen) and therapeutic algorithm as well as the
warnings related to colonic necrosis associated with their long
term-use [21].

In conclusion, in view of the lack of reliable evidence from
adequately powered randomized trials and real-world evidence
regarding the efficacy and safety of the old-generation K binders,
along with the FDA black box warning for colonic necrosis as-
sociated with the use of SPS, compared with the randomized
trials and real-world evidence supporting the use of the new K
binders to treat HK over the long term and the RAASi-enabling
effect, there is compelling evidence for clinicians to prescribe
the new K binders for the treatment of HK (Primum non nocere!).
While some clinicians in countries where both old-generation
and new K binders are available/reimbursed may be tempted to
prescribe the old-generation K binders since they are generic in
most parts of the world and thus relatively inexpensive, their
poor tolerability and side-effect profile will in the long run re-
sult in increased costs to our patients and healthcare systems
(penny wise and pound foolish!).
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We read with interest the viewpoint of Rossignol and Pitt sug-
gesting that clinicians should avoid prescribing SPS because of
harms.1 An absolute injunction against harm, “primum non no-
cere”, would disqualify almost all current therapeutic and pre-
ventative interventions. Amore useful framework is the concept
of risks and benefits, numbers-needed-to-harm and numbers-
needed-to-treat.

Our debating partners emphasize the lack of trial evidence
regarding efficacy of SPS.We agree there are fewer trials for SPS,
but existing randomized evidence is sufficient to demonstrate
efficacy for all agents.2

They also emphasize adverse effects associated with SPS
use, particularly colonic necrosis when administered with sor-
bitol, identified by spontaneous safety reporting over decades
of SPS use.3 To our knowledge, this contrasts with one phar-
macovigilance study of 4 years’ duration for one novel binder
(patiromer).4 As discussed in our viewpoint,5 there are currently
four large observational studies of gastrointestinal complica-
tions associated with SPS use without sorbitol compared with
non-use. No colonic necrosis events were detected in those
studies; Two reported a risk increase that is low in absolute
magnitude (numbers-needed-to-harm of 1000 new users6 or
1000 patient-years of use7). Two further studies reported no
risk increase.8,9 No parallel data are available for novel binders. At
present, there is no evidence than one agent is safer than an-
other, but risks are better quantified for SPS because of our long
experience.

SPS is associated with constipation: however, a network
meta-analysis of the small comparative randomized trials avail-
able found that patiromer was associated with a higher risk of
constipation compared to all other potassium resins.2 A similar
pattern was seen for nausea and for vomiting.2
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We agree with the authors’ concerns about the exchange of
potassium for sodium by SPS, a property it however shares with
sodium zirconium cyclosilicate.10

Finally, evidence in support of the statement “…[SPS’s] poor
tolerability and side-effect profile will, in the long run, result
in increased costs to our patients and healthcare systems”
is lacking. For all the binders, we would reiterate that cost-
effectiveness has not been demonstrated and that based on the
results DIAMOND, the number-needed-to-treat for patiromer to
prevent one cardiovascular event attributed to discontinuing
spironolactone is 439 people for 3 years.11

We acknowledge that in this type of academic debate op-
ponents and proponents are forced to polarize their views and
defend extremes. Maybe the newer binders will prove safer. At
present, however, the evidence-based verdict is ‘not proven’.

REFERENCES

1. Rossignol, P. & Pitt, B. Sodium polystyrene is unsafe and
should not be prescribed for the treatment of hyperkalaemia:
primum non nocere! Clin Kidney J, doi:10.1093/ckj/sfad090
(2023).

2. Dong, L., Xu, W., Deng, Y., Tan, J. & Qin, W. Efficacy and
safety of potassium binders in the treatment of patients with
chronic kidney disease and hyperkalemia. European journal
of pharmacology 931, 175174, doi:10.1016/j.ejphar.2022.175174
(2022).

3. Federal Drug Administration. Kayexalate. Sodium
Polystyrene Sulphonate USP. Cation Exchange Resin,
〈https://www.accessdata.fda.gov/drugsatfda_docs/label/
2009/011287s022lbl.pdf〉 (2009).

4. Rossignol, P., David, L., Chan, C., Conrad, A. & Weir, M. R.
Safety and Tolerability of the Potassium Binder Patiromer
From a Global Pharmacovigilance Database Collected Over 4

Years Compared with Data from the Clinical Trial Program.
Drugs - Real World Outcomes 8, 315-323, doi:10.1007/s40801-
021-00254-7 (2021).

5. Carrero, J. J., Sood, M. M., Gonzalez-Ortiz, A. & Clase, C. M.
Pharmacological strategies to manage hyperkalaemia: out
with the old, in with the new? Not so fast…. Clin Kidney J,
doi:10.1093/ckj/sfad089 (2023).

6. Noel, J. A. et al. Risk of Hospitalization for Seri-
ous Adverse Gastrointestinal Events Associated With
Sodium Polystyrene Sulfonate Use in Patients of Ad-
vanced Age. JAMA internal medicine 179, 1025-1033,
doi:10.1001/jamainternmed.2019.0631 (2019).

7. Laureati, P. et al. Initiation of sodium polystyrene sulphonate
and the risk of gastrointestinal adverse events in advanced
chronic kidney disease: a nationwide study. Nephrol Dial
Transplant 35, 1518-1526, doi:10.1093/ndt/gfz150 (2020).

8. Ferreira, J. P., Couchoud, C., Edet, S., Brunet, P. & Frimat,
L. Adverse gastrointestinal events with sodium polystyrene
sulphonate and calcium polystyrene sulphonate use in dial-
ysis patients: a nationwide registry study. Nephrol Dial Trans-
plant 36, 339-345, doi:10.1093/ndt/gfaa229 (2021).

9. Farfan Ruiz, A. R., E.;Clark,E.;Hundemer, G.;Karaboyas,
A.;Robinson, F.;Pecoits Filho, R.;Sood,M. Adverse gastroin-
testinal events with sodium polystyrene sulfonate use in
patients on maintenance hemodialysis: an international
cohort study. Can J Kidney Health Dis, in press (2023).

10. Zhuo,M.,Kim,S.C., Patorno, E.& Paik, J.M.Risk of Hospitaliza-
tion for Heart Failure in Patients With Hyperkalemia Treated
With Sodium Zirconium Cyclosilicate Versus Patiromer.
J Card Fail 28, 1414-1423, doi:10.1016/j.cardfail.2022.04.003
(2022).

11. Packer, M. Potassium binders for patients with heart failure?
The real enlightenment of the DIAMOND trial European Heart
Journal 43, 4374-4377, doi:10.1093/eurheartj/ehac399 (2022).


