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A B S T R A C T

Background. Despite long-standing clinical use of sodium
polystyrene sulphonate (SPS) for hyperkalaemia management
in chronic kidney disease (CKD), its safety profile remains
poorly investigated.
Methods. We undertook an observational analysis of
nephrology-referred adults with incident CKD Stage 4þ in
Sweden during 2006–16 and with no previous SPS use. We
studied patterns of use and adverse events associated to SPS ini-
tiation during follow-up. Patterns of SPS use were defined by
chronicity of treatment and by prescribed dose. We estimated
hazard ratios (HRs) and 95% confidence intervals (CIs) associ-
ated with SPS initiation (time-varying exposure) for the risk of
severe (intestinal ischaemia, thrombosis or ulceration/perfora-
tion) and minor (de novo dispensation of laxatives or anti-
diarrheal drugs) gastrointestinal (GI) events.
Results. Of 19 530 SPS-naı̈ve patients with CKD, 3690 initiated
SPS during follow-up. A total of 59% took SPS chronically, with
an average of three dispensations/year. The majority (85%)
were prescribed lower dosages than specified on the product la-
bel. During follow-up, 202 severe and 1149 minor GI events
were recorded. SPS initiation was associated with a higher inci-
dence of severe adverse events [adjusted HR 1.25 95% CI 1.05–
1.49)], particularly in those receiving per label doses [1.54
(1.09–2.17)] and mainly attributed to ulcers and perforations.
SPS initiation was also associated with higher incidence of mi-
nor GI events [adjusted HR 1.11 (95% CI 1.03–1.19)], regardless
of dose, and mainly accounted for by de novo dispensation of
laxatives.
Conclusions. Initiation of SPS in patients with advanced CKD
is associated with a higher risk of severe GI complications as

well as the initiation of GI-related medications, particularly
when prescribed at per label doses.

Keywords: chronic haemodialysis, chronic renal failure, CKD,
epidemiology, hyperkalaemia

I N T R O D U C T I O N

Hyperkalaemia is a common and potentially life-threatening
complication of advanced chronic kidney disease (CKD) [1–3].
Hyperkalaemia treatment generally consists of a reduction of
dietary intake, modification of contributing medications and
the use of cation-exchange resins [4]. Sodium polystyrene
sulphonate (SPS) is a commonly used cation-exchange resin li-
censed for hyperkalaemia management during the 1950s.
Although maintenance treatment of hyperkalaemia with SPS is
not specified in the summary of product characteristics, off-
label application in everyday clinical practice is probably com-
mon [5, 6], yet uncharacterized.

Data on SPS safety are scarce and ambiguous [7]; clinical trials
evaluating SPS efficacy reported no serious adverse gastrointestinal
(GI) events [8–10], but they collectively included <150 patients
and had a short-term duration (up to 7 days). In contrast, some
case reports of serious GI injury with SPS and sorbitol [11, 12] led
to the US Food and Drug Administration warning against their
concurrent use [13]. GI injuries have also been noted with the use
of SPS alone [11, 14–20], but these are believed to be rare [15].

To date, considerable uncertainty exists regarding practice
patterns of SPS and its potential adverse event risk [5, 8]. A re-
cent population-based Canadian study [21] of older adults initi-
ating SPS observed a higher incidence of hospitalization for
serious adverse GI events compared with non-use. We note that
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only 1% of the included sample in that study was undergoing di-
alysis. We set out to systematically examine SPS use and GI
safety in a large Swedish representative cohort of nephrologist-
referred persons with CKD.

M A T E R I A L S A N D M E T H O D S

Data sources

This retrospective cohort study is based on the Swedish
Renal Registry (SRR), which is a nationwide registry of patients
on renal replacement therapy (RRT) or with CKD Stages 3–5
followed at any nephrology clinic in Sweden. The SRR is a plat-
form with several interlinked registers: in the SRR-CKD regis-
ter, nephrology clinics report information on outpatient visits
(on average, two to three visits per year) from referred patients
diagnosed with CKD from the moment they reach an estimated
glomerular filtration rate (eGFR) <30 mL/min/1.73 m2. The
SRR also encourages the inclusion of CKD referred patients ear-
lier in the course of the disease (eGFR<45–60 mL/min/1.73 m2),
given that the inclusion is performed systematically at the partic-
ipating clinic. Patients are then followed prospectively until dis-
charge from nephrology follow-up or death. Transitions to
dialysis and transplantation are registered continuously into the
SRR-RRT. The SRR-RRT then collect yearly information about
clinical parameters, laboratory measures and treatment out-
comes of all RRT patients in the country, whereas changes be-
tween treatment modalities and complications are registered
consecutively. In 2017, the national coverage of kidney trans-
plant patients was estimated as 96% and 85% of incident dialysis
cases were already included in the register during their pre-
dialysis phase [22]. Via each citizen’s unique personal identifica-
tion number, the SRR was linked with the Swedish government
31180477 run drug dispensation and patient registers. The
Swedish drug dispensation register records complete informa-
tion on all prescribed drugs dispensed at a Swedish pharmacy or
single dosages provided at elder care or nursing facilities [23].
The coverage of this register is considered complete. The
Swedish patient register records, with no loss to follow-up, all
outpatient–specialist consultations, hospitalizations and deaths
occurring in Swedish health care [24].

Patient selection and study design

For this study we selected all adult (>18 years old) partici-
pants in the SRR with an eGFR�30 mL/min/1.73 m2 between 1
January 2006 and 31 December 2016. The date of the first SRR
recorded visit satisfying this inclusion criterion was set as the
index date. Follow-up was available until 31 December 2017,
ensuring a minimum of 1 year per patient. We then excluded
patients who had a history of SPS use, defined as a pharmacy
dispensation of SPS recorded since the creation of the Swedish
drug dispensation register in 2005.

Study exposure

The study exposure is SPS initiation. As per study design, all
patients enrolled in the cohort were non-exposed and some of
them initiated SPS during follow-up. In the first part of the
study we describe the dosages and patterns of SPS dispensation

within 1 year. We chose a 1-year period because SPS is com-
mercialized in Sweden as a 450-g package of powder and it is
difficult to quantify use as compared with other methods of ad-
ministration (i.e. pills). Per label dosages, recommended for
short-term hyperkalaemia treatment, are 15 g two to four times
per day until hyperkalaemia is resolved (potassium<5 mmol/L).
However, SPS is often prescribed at lower dosages for chronic
hyperkalaemia. We consulted online regional and national ex-
pert opinion guidance documents as well as five nephrology
departments at Swedish hospitals to define three commonly
used patterns of SPS dosing: ‘per label dose’: this is the dosage
recommended by the product label and consists of two to four
SPS dosages per day, which, if consumed regularly, leads to an
estimated product supply of up to 30 days; ‘moderate–low dose’:
this dosing regimen ranged from three to seven SPS dosages of
15 g/week (i.e. up to one dose daily), leading to an estimated
product supply of up to 3 months; and ‘low dose’: the most com-
mon dosing, consisting of one or two SPS doses of 15 g/week,
leading to an estimated product supply of up to 8 months. We
extracted information on all subsequent SPS dispensations
within 1 year and evaluated if the treatment was isolated (a single
package dispensed) or chronic (repeated dispensations) and esti-
mated prescribed dosages by evaluating whether the time to the
next dispensation fit the regimens above. For individuals dis-
pensing SPS only once, we manually extracted the information
of prescribed dosages from the text introduced by the physician
in the prescription form (unstructured text). Of note, calcium
polystyrene sulphonate is not available in Sweden.

Study covariates

Other covariates in the study included CKD stage or, when
applicable, dialysis type, comorbidities and medications. eGFR
was calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation from isotope dilution mass spectrome-
try–calibrated plasma creatinine measurements. The severity
of CKD was then categorized according to Kidney Disease:
Improving Global Outcomes criteria as CKD Stage 4 (eGFR
<30–15 mL/min/1.73 m2), CKD Stage 5 non-dialysis (eGFR
<15 mL/min/1.73 m2) and chronic dialysis (haemodialysis or
peritoneal dialysis) [25, 26]. Comorbid conditions were defined
using International Classification of Diseases, 10th revision
(ICD-10) diagnostic codes. Comorbidities considered are de-
fined in Supplementary data, Table S1, and included diabetes
mellitus, hypertension, cardiovascular and cerebrovascular dis-
eases, rheumatic diseases, cancer and chronic obstructive pul-
monary disease, with no time limit since the implementation of
ICD-10 codes in Sweden in 1997. We also derived information
on the history of GI events (defined in the same way as the out-
come of severe GI adverse events, see below) and hyperkalaemia
in the year prior to the index date. Ongoing medications were
ascertained via anatomic therapeutic classification codes as
defined in Supplementary data, Table S2, and included
angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers (ACEis/ARBs), b-blockers, spironolactone, non-steroi-
dal anti-inflammatory drugs (NSAIDs), diuretics, statins, vita-
min D, phosphate binders, diarrhoea medications, laxatives and
sorbitol.
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Study outcomes

The primary study outcome was hospitalization or a death
attributed to a composite of severe adverse GI events (intestinal
ischaemia or thrombosis, GI ulcers and perforation). This com-
posite study outcome reflects the broad spectrum of reported
GI injury with SPS use [17]. Definitions are further detailed
in Supplementary data, Table S3. Hospitalizations, death
and causes of death were ascertained via linkage with the
government-run Swedish Population Registry. Patients were
followed until event, death (by other causes) or end of follow-
up (31 December 2017), whichever happened first. There was
no loss to follow-up.

The secondary study outcome was the occurrence of minor
adverse GI events, defined as the need to take a de novo dispen-
sation of GI-related medications (laxatives or anti-diarrheal
drugs). These are the most commonly reported minor adverse
events with SPS use [8]. Patients were followed until event,
death or end of follow-up (31 December 2012), whichever hap-
pened first. There was no loss to follow-up.

Statistical analysis

Summary statistics are presented as median and interquar-
tile range (IQR) or number and percentage. We explored ad-
verse events associated to SPS use by estimating cause-specific
hazard ratios (HRs) using Cox proportional hazards regression
with time-updated exposure. Thus a patient who started SPS
during follow-up contributed to the non-exposed group during
his/her time before the SPS dispensation and thereafter to the
SPS-exposed group. Covariates were recalculated again at the
time of incident SPS use, updating potential new comorbidities
(such as hyperkalaemia and heart failure) that may have
prompted the prescription. We estimated multivariable-ad-
justed HRs and 95% confidence intervals (CIs) in SPS-exposed
versus SPS-free periods for the study outcomes. Assumptions of
Cox models were assessed by looking at the Schoenfeld resid-
uals and there were no violations in the fitted models.
Additionally, we tested two-way interactions between SPS initi-
ation and CKD status (non-dialysis CKD or undergoing dialy-
sis) in the adjusted models.

Once SPS was initiated, we assumed the patient remained
exposed for the whole period, because this drug is often pre-
scribed at low dosages or for use when needed. For the analysis
of secondary outcomes, we excluded patients with ongoing lax-
atives or anti-diarrheal medication (defined as a dispensation
within the preceding 5 months). We purposefully decided not
to study the risk of death (by any cause), because confounding
by indication bias is high for SPS (i.e. patients initiating SPS do
so because of hyperkalaemia, which can be life-threatening).
However, we included deaths attributed to severe GI events in
our primary outcome definition above. Commencement of di-
alysis or kidney transplantation was not considered a censoring
or competing event since GI injury related to SPS use would
persist regardless.

As a next step, we evaluated dose responses comparing
the adverse outcome risk associated with initiating SPS with a
per label dose or a lower dose. For this, individuals receiving
low–moderate and low dosages (see methods) were grouped

together. Some individuals (2% of the sample) did not have in-
formation recorded on their prescribed dose and these were
conservatively assigned to the ‘per label dose’ group. As a sensi-
tivity analysis, we restricted the follow-up after SPS initiation to
1 year, given that SPS intake is erratic and the time from SPS ex-
posure to reported adverse GI events is believed to be rapid
[11]. Finally, we further evaluated the risk of unmeasured con-
founding through the E-value methodology [27], which identi-
fies the minimum strength of association that an unmeasured
confounder would need to have with both treatment and out-
come, conditional on the measured covariates, to fully explain
the observed association. This estimates what the relative risk
would have to be for any unmeasured confounder to overcome
the observed association of SPS initiation with the risk of GI
events.

R E S U L T S

Cohort characteristics at study entry

After applying inclusion and exclusion criteria (see methods
and flow chart in Figure 1), 19 530 nephrology-referred adults
with CKD Stages 4–5 and naı̈ve to SPS were identified in
Swedish nephrologist care during 2006–16 and included in the
analysis. Descriptive characteristics are shown in Table 1.
The median age was 73 (IQR 64–80) years and 38% were
women. As per the study design, the majority of patients in-
cluded had CKD Stage 4 (69%) and Stage 5 (17%), the remain-
ing (14%) being on chronic dialysis. Briefly, hypertension was
the most commonly observed comorbidity (81%), followed by
diabetes (40%), coronary artery disease (31%) and congestive
heart failure (27%). The concomitant use of ACEis/ARBs
(62%), b-blockers (65%), vitamin D (45%) and statins (50%)
was high.

SPS users and patterns of SPS use

Of included patients, 3690 initiated SPS during the follow-
up. The characteristics of these patients at the time of SPS initia-
tion are described in Supplementary data, Table S4. The per-
centage of patients with CKD Stage 5 or dialysis increased
compared with cohort entry, as well as the percentage of
patients with a history recent hyperkalaemia. None of the
patients was consuming sorbitol at the time of SPS initiation.

By evaluating all subsequent SPS dispensations during 1
year, we observed that 41% of individuals had a single isolated
dispensation. The remaining 59% of SPS users had, on average,
three dispensations per year (Supplementary data, Figure S1),
with a median time between the first and second dispensation
of 70 (IQR 43–125) days (Figure 2A). Only 13% of patients
were estimated to consume per label dosages (10% chronically
and 3% as a single dispensation—see Methods for dosing defi-
nitions). Only 2% had no information on prescribed dose and
the remaining 85% used lower dosages than per label recom-
mendations. Specifically, a moderate–low dose was used by
45% of patients (31% chronically and 24% as a single dispensa-
tion) and the remaining 29% used a low dose (18% chronically
and 11% as a single dispensation; Figure 2B).
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Adverse events associated to SPS use

Patients were followed prospectively for the study of adverse
GI events (see Methods for outcome definitions) associated
with the initiation of SPS therapy, treating SPS dispensing as a
time-dependent exposure (Table 2 and Figure 3). During
follow-up, 1105 severe GI events (composite of hospitalization
or death due to intestinal ischaemia or thrombosis, GI ulcers
and perforation) were recorded. Compared with unexposed
periods, SPS use was associated with the risk of severe GI ad-
verse events [adjusted HR 1.25 (95% CI 1.05–1.49)]. This asso-
ciation was stronger among SPS users prescribed with a per
label dose [adjusted HR 1.54 (95% CI 1.09–2.17)] than among
SPS users prescribed with a lower dose [adjusted HR 1.20 (95%
CI 0.99–1.45)], with the possibility of a non-association among
the low-dose users. Similar results were found for the risk of the
single outcome of GI ulcer and perforation. The associations for
the risk of intestinal ischaemia/thrombosis were similar in mag-
nitude but did not reach statistical significance (Table 2 and
Figure 3). There were no significant two-way interactions be-
tween SPS use and CKD status for severe GI adverse events
(P¼ 0.5), GI ulcer and perforations (P¼ 0.4) and intestinal is-
chaemia/thrombosis (P¼ 0.4).

After the exclusion of patients taking laxatives or anti-
diarrheal medication, a total of 15 706 individuals were followed
prospectively for the de novo prescription of these drugs, taken
as a surrogate of minor GI adverse events (composite).
Compared with unexposed periods, SPS use was associated with
a higher incidence of minor GI adverse events, with an adjusted
HR of 1.11 (95% CI 1.03–1.19). Again, a dose–response relation-
ship was observed and the association was stronger among
patients using per label dosages [adjusted HR 1.27 (95% CI 1.09–
1.48)] compared with lower dosages [adjusted HR 1.08 (95% CI
1.00–1.17)]. When studying single outcomes, the association was
mainly observed for the incidence of new laxative use, and no as-
sociation was observed for the incidence of new anti-diarrheal
medication use. There were significant two-way interactions be-
tween SPS use and CKD status for the composite of minor GI ad-
verse events (P< 0.01), as well as for the single outcomes of new
anti-diarrheal medication (P< 0.01) and new laxative (P< 0.01)
use. This means that the risk of initiating GI-related medications
after SPS initiation is higher among patients with non-dialysis
CKD compared with patients undergoing dialysis.

When restricting the follow-up after SPS initiation to 1 year,
the short-term risk association between SPS use and serious GI

FIGURE 1: Flow chart of patient selection to the study.
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events became less precise (CI crossing zero) but was still 29%
higher overall compared with non-SPS (Supplementary data,
Table S5). In the short-term, the risk of minor GI events
remained, this time attributed to a higher rate of both laxa-
tives and anti-diarrheal medication dispensations. Once
more, the associations were stronger in magnitude in those
patients following a per label dose. E-values for study out-
comes ranged between 1.4 and 2.4, which we interpret as
moderately robust to potential unmeasured confounders
(Supplementary data, Table S6). For instance, E-values for the
primary composite outcome indicated that the observed HR
of 1.25 (95% CI 1.05–1.49) could only be explained by an
unmeasured confounder that was associated with both initia-
tion of SPS and severe GI risk by an HR >1.80 above and be-
yond that of the confounders that were measured in this
study. We note from the multivariable-adjusted model that
most confounders were generally below this value and there-
fore the probability that an unknown comorbidity or medica-
tion may abrogate this association may be judged moderately
low, particularly for the per label dose association (E-value
2.44). For instance, the multivariable-adjusted HR in our
primary Cox model was 1.25 (95% CI 1.04–1.49) for

hypertension, 1.37 (1.18–1.59) for heart failure and was 1.30
(0.95–1.99) for recent hyperkalaemia diagnosis.

D I S C U S S I O N

This is the largest evaluation to date of SPS use and safety in
persons with CKD. The selection of nephrologist-referred
patients in our study is important, not only for their heightened
hyperkalaemia risk, but also because the vast majority of SPS
case reports [11] had a history of acute kidney injury, CKD or
end-stage kidney disease (ESKD). In this nationwide analysis,
we found that SPS is more often prescribed chronically and at
lower dosages than specified in the summary of product charac-
teristics and SPS initiation was associated with an increased rel-
ative risk of both serious and minor GI events compared with
periods of non-use. These associations were more apparent in
individuals following per label dosages.

Although often speculated in narrative reviews [6], this is the
first study to quantify with precision the use of SPS for hyperka-
laemia prevention in the outpatient setting. We found that
nephrologists in our country prescribed SPS chronically in
about two-thirds of users and at low dosages in 85%, illustrating
its common off-label use as a chronic hyperkalaemia prevention
strategy. A strength of our study is that our exposure is based
on SPS dispensations rather than prescriptions, offering a better
ascertainment than previous studies. A limitation is, however,
the way SPS is dispensed (450 g package), which makes it diffi-
cult to ascertain the exposure with precision despite our efforts.
Another limitation is that the Swedish prescribed drug register
does not record medications given in hospital, and acute hyper-
kalaemia patients treated in hospital may have received SPS,
which is not accounted for here. This being said, such a limita-
tion would only underestimate our risk estimates, and we hope
to have minimized it to some extent by adjusting for the pres-
ence of recent hyperkalaemia diagnoses at the time of SPS initi-
ation. Lastly, although our methods for evaluating dosages are
standard in pharmacoepidemiology research, we cannot ascer-
tain if the dose was altered later on by the physician or if the pa-
tient complied with the treatment.

The main finding in our study is the estimation of adverse
risks associated with SPS use, which, to our knowledge, has not
been shown before, except in case–control studies, single-centre
retrospective analyses and case reports [11, 14–20]. We observe
a dose-dependent increased incidence of serious GI adverse
events for CKD patients initiating SPS therapy. SPS was pre-
scribed as a solo agent, and no SPS user took concomitant sorbi-
tol, in accordance with recommendations from the medical
agencies [13]. Previous reports have focused on the risk of co-
lonic injury/necrosis, often requiring pathological confirmation
for identification [15]. This outcome is certainly a rare occur-
rence. In a case–control analysis of adult inpatients at a tertiary
medical centre, 0.14% of individuals receiving SPS had colonic
necrosis, compared with 0.07% of individuals who were not
given SPS [15]. In another study of haemodialysis patients, co-
lonic surgery (taken here as a marker of colonic necrosis) was
no more common in patients who received SPS (0.6%) than in
those not given SPS (1.0%) [28]. We focused instead on a com-
posite of serious GI complications that reflects the broad

Table 1. Characteristics of the study population at cohort entry (baseline)

Number of individuals 19 530
Age (years), median (IQR)a 73 (64–80)
Women, n (%) 7428 (38)
CKD stage, n (%)

15–30 mL/min/1.73 m2 13 494 (69)
<15 mL/min/1.73 m2 3322 (17)
Haemodialysis 1932 (10)
Peritoneal dialysis 782 (4)

Comorbid history, n (%)
Hypertension 15 873 (81)
Diabetes mellitus 7717 (40)
Coronary artery disease 6064 (31)
Heart failure 5339 (27)
Angina 4132 (21)
Myocardial infarction 3906 (20)
Cerebrovascular disease 3573 (18)
Peripheral vascular disease 2990 (15)
Stroke 2718 (14)
Atrial fibrillation 3927 (20)
Rheumatic disease 1181 (6)
Cancer 2904 (15)
Chronic obstructive pulmonary disease 2412 (12)
Prior history of hyperkalaemia 253 (2)
Gastric ulcers 1300 (7)
Prior history of severe GI complications 367 (2)

Ongoing medications, n (%)
ACEis/ARBs 12 169 (62)
b-blockers 12 697 (65)
Spironolactone 1425 (7)
NSAIDs 995 (5)
Non-potassium-sparing diuretics 1248 (6)
Potassium-sparing diuretics 1567 (8)
Statins 9476 (50)
Vitamin D 8859 (45)
Phosphate binders 2701 (11)
Anti-diarrheal medication 892 (5)
Laxatives 3102 (16)
Sorbitol 8 (<1)

aIQR is quartile 1–quartile 3.
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spectrum of reported GI injury with SPS use [17]. In this con-
text, we observed an increased relative risk of ulcers and perfo-
rations after SPS initiation, particularly at per label dosages. The
association with the risk of intestinal ischaemia/thrombosis was
less evident, possibly impacted by the limited number of these
events (<3 per 1000 patient-years). Overall, although relative
risks are higher, absolute risks for our composite outcome re-
main low. Furthermore, this information needs to be contextu-
alized with the varying SPS prescription rates across countries.
As shown by Jadoul et al. [28] in the Dialysis Outcomes and

Practice Patterns Study, SPS was used by an average of 40–45%
of French dialysis patients, followed by Sweden with a 20–25%
SPS prescription rate. Other countries such as Italy, Belgium
and Canada prescribed it to 5–15% of their patients, and coun-
tries such as the UK, USA, Australia/New Zealand and
Germany have SPS prescription rates<5%.

Our results are in line and expand a recent population-based
study [21] from Canada of older adults initiating SPS.
The authors observed a higher incidence of hospitalization for
serious adverse GI events among SPS users compared with

FIGURE 2: Distribution of (A) the number of days between the first and second SPS dispensation and (B) the percentage of patients dispens-
ing a single SPS package or receiving chronic treatment, as well as dosages used. In (A), the dashed line represents the median number of days
between dispensations, which was 70 days.
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non-users. While SPS is approved in Canada for the manage-
ment of hyperkalaemia in general, in Sweden its use is specific
to persons with CKD. In the Canadian study, only 1% of the in-
cluded sample was undergoing dialysis. Potential limitations
are that they did not have information on sorbitol use, subse-
quent SPS dispensations or prescribed dosages. This may be
more relevant in the case of chronic hyperkalaemia of CKD,
given that previous case reports suggested the existence of a
dose-dependent response between SPS and intestinal injury
and that low-dose SPS is less likely to cause GI injury [11, 29].
This hypothesis is supported by our findings, whereby individu-
als following per label SPS doses (15% of all SPS users) had a
higher outcome risk than those receiving low SPS doses.
Adverse events are believed to appear rapidly; in a systematic
review [11] of adverse GI events across 30 case reports with SPS
use (about half of them without sorbitol), symptoms were ob-
served a median of 2 days after SPS initiation. When we
attempted to address this by evaluating 1-year risk as short
term, we experienced a lack of power due to the small number
of events, but the overall risk for serious GI events remained
30% higher for SPS use compared with no use.

Finally, our analysis also quantifies the risk of minor adverse
events associated with SPS use. We chose to model the de novo
prescription of anti-diarrheal and laxative medications, for
these were the most commonly reported minor adverse events

in the trial of Lepage et al. [8]. In line with the clinical experi-
ence of this drug [6], we observed that laxatives are commonly
initiated after SPS use in all our analyses and anti-diarrheal
medication use was also increased in our short-term risk analy-
sis, particularly among patients following a per label dose.
Unfortunately we were unable to study other reported adverse
effects of SPS such as hypernatraemia, hypophosphataemia or
hypomagnesaemia, as the capture of these events by ICD codes
has poor reliability.

Additional strengths of our study include the large sample
size and nationwide inclusion of cases. The linkage via each citi-
zen’s unique personal identification number allows a complete
recollection of clinical adverse events without loss to follow-up.
However, our study also has limitations. We lack information
on the serum potassium level that prompted SPS initiation,
which would have better allowed us to separate indications of
acute versus chronic hyperkalaemia management. Although the
validity of ICD diagnoses in Swedish health care is believed very
high [24], we depend on the event being noticed and reported, a
hindrance intrinsic to any register-based research. However,
the lack of outcome reporting could be considered a non-
differential misclassification and would likely affect both SPS
users and non-users similarly. We lacked pathology data that
could suggest a causal relationship between SPS use and adverse
GI events. Finally, despite our large dataset, there remained

Table 2. Incidence rates (IRs) and HRs for the adverse events associated with SPS use

Adverse events Events, n IR per 1000 PY (95% CI) Crude HR (95% CI) Adjusteda HR (95% CI)

Composite of severe GI adverse events
Non-SPS periods 903 15 (14–16) REF REF
SPS use 202 16 (14–19) 1.28 (1.09–1.50) 1.25 ( 1.05–1.49)

Per label dose 37 19 (14–27) 1.53 (1.10–2.13) 1.54 (1.09–2.17)
Low dose 165 16 (13–18) 1.23 (1.03–1.45) 1.20 (0.99–1.45)

GI ulcer and perforation
Non-SPS periods 808 13 (12–14) REF REF
SPS use 179 14 (12–17) 1.27 (1.07–1.50) 1.23 (1.02–1.48)

Per label dose 33 17 (12–24) 1.52 (1.07–2.16) 1.52 (1.06–2.18)
Low dose 146 14 (12–16) 1.22 (1.01–1.47) 1.18 (0.97–1.44)

Intestinal ischaemia or thrombosis
Non-SPS periods 107 1.7 (1.4–2.0) REF REF
SPS use 30 2.3 (1.6–3.3) 1.51 (0.98–2.32) 1.37 (0.85–2.20)

Per label dose 4 2.0 (0.5–5.0) 1.28 (0.47–3.51) –b

Low dose 26 2.4 (1.5–3.5) 1.55 (0.99–2.43) 1.39 (0.84–2.28)
Composite of minor GI adverse events

Non-SPS periods 6832 184 (179–188) REF REF
SPS use 1149 200 (189–212) 1.21 (1.14–1.29) 1.11 ( 1.03–1.19)

Per label dose 179 223 (192–258) 1.35 (1.16–1.57) 1.27 (1.09–1.48)
Low dose 970 196 (184–209) 1.19 (1.11–1.28) 1.08 (1.00–1.17)

De novo dispensation of anti-diarrheal medication
Non-SPS periods 1854 38 (36–40) REF REF
SPS use 350 38 (34–43) 1.08 (0.96–1.22) 0.87 (0.76–0.99)

Per label dose 65 49 (38–63) 1.38 (1.08–1.77) 1.11 (0.86–1.43)
Low dose 285 37 (32–41) 1.03 (0.90–1.17) 0.83 (0.72–0.95)

De novo dispensation of laxatives
Non-SPS periods 6054 163 (159–167) REF REF
SPS use 1058 179 (168–190) 1.21 (1.14–1.30) 1.16 (1.08–1.25)

Per label dose 164 199 (170–232) 1.31 (1.12–1.53) 1.28 (1.09–1.51)
Low dose 894 176 (164–187) 1.20 (1.12–1.29) 1.14 (1.05–1.23)

aAdjusted for age, sex, eGFR, hypertension, diabetes, coronary artery disease, heart failure, angina, cerebrovascular disease, myocardial infarction, peripheral vascular disease, stroke,
atrial fibrillation, history of severe GI complications, rheumatic disease, chronic obstructive pulmonary disease, history of hyperkalaemia, current use of ACEis/ARBs, b-blockers, spiro-
nolactone, non-potassium-sparing and potassium-sparing diuretics, statins, vitamin D, phosphate binders, anti-diarrheal medication (when pertinent) or laxatives (when pertinent).
bToo few events to allow multivariable adjustment. REF, reference.
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a limited number of severe events, particularly those of intesti-
nal ischaemia and thrombosis. Given the scarcity of these
outcomes, the unspecificity of some diagnoses and the
plausible risk of misclassification between them, we were unable
to evaluate differential risk profiles at the stomach versus the
intestine.

Our findings add to previous evidence [11, 14–20] and pro-
voke concern, suggesting caution in the use of this medication.
Observational evidence is also supported by some, but not all,
animal studies, which demonstrate that the administration of
SPS enemas at high doses with or without sorbitol results in co-
lonic necrosis [30, 31]. However, neither our observational
study nor previous evidence can yet prove causality in the asso-
ciations reported. In our study, we cannot ascertain whether the
risk observed is explained by the use of SPS or by other condi-
tions that make the patient prone to both hyperkalaemia requir-
ing SPS and GI complications. This reverse causality is plausible
in patients with CKD, who are predisposed to non-occlusive
mesenteric ischaemia by often advanced arteriosclerosis
through angiotensin II–mediated vasoconstriction [32] and
often subjected to concomitant hypotension, ileus-induced co-
lonic distension (resulting in reduced colonic blood flow) and
decreased gut motility as a result of opioids, uraemia and con-
stipation [33, 34]. Constipation and reduced GI motility can
theoretically increase potassium bioavailability in the intestine
leading to hyperkalaemia [35].

To conclude, this real-world evidence analysis shows that
SPS is frequently used by persons with advanced CKD/ESKD
chronically and at lower dosages than specified on the product
label. Compared with non-use, we observed an increased rela-
tive risk of the combined endpoint of intestinal ischaemia,
thrombosis or ulceration/perforation for SPS use. In addition,
SPS use was associated with a higher rate of laxative dispensa-
tions. These associations were more evident in patients pre-
scribed per label SPS dosages.
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