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BACKGROUND: Reports of severe gastrointestinal side
effects associated with sodium polystyrene sulfonate
(SPS), particularly intestinal necrosis, have led some to
recommend costlier alternative medications. No prior
systematic review has included studies with controls
reporting intestinal necrosis rates associated with SPS.

METHODS: A systematic literature search was conducted
using Cochrane Library, Embase, Medline, Google Scholar,
PubMed, Scopus, and Web of Science Core Collection
from database inception through October 4, 2020. We
included any clinical trial, cohort, or case-control study
reporting an association between SPS and intestinal
necrosis or severe gastrointestinal side effects.

RESULTS: Six studies including 26,716 patients treated
with SPS with controls met inclusion criteria. The pooled
odds ratio (OR) of intestinal necrosis was 1.43 (95% Cl,

odium polystyrene sulfonate (SPS) was first approved

in the United States in 1958 and is a commonly pre-

scribed medication for hyperkalemia." SPS works by

exchanging potassium for sodium in the colonic lu-
men, thereby promoting potassium loss in the stool. However,
reports of severe gastrointestinal side effects, particularly intes-
tinal necrosis, have been persistent since the 1970s,? leading
some authors to recommend against the use of SPS.34 In 2009,
the US Food and Drug Administration (FDA) warned against
concomitant sorbitol administration, which was implicated in
some studies.*® The concern about gastrointestinal side effects
has also led to the development and FDA approval of two new
cation-exchange resins for treatment of hyperkalemia.® A prior
systematic review of the literature found 30 separate case re-
ports or case series including a total of 58 patients who were
treated with SPS and developed severe gastrointestinal side
effects.” Because the included studies were all case reports or
case series and therefore did not include comparison groups,
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0.39-5.20). The pooled hazard ratio (HR) for intestinal
necrosis from the two studies that performed survival
analysis was 2.00 (95% Cl, 0.45-8.78). The pooled HR for
the composite outcome of severe gastrointestinal adverse
events was 1.46 (95% ClI, 1.01-2.11).

CONCLUSION: Based on our review of six studies, the
risk of intestinal necrosis with SPS is not statistically greater
than controls, although there was a statistically significantly
increased risk for the composite outcome of severe
gastrointestinal side effects based on two studies. Because
of the risk of bias from potential confounding and selective
reporting, the overall strength of evidence to support an
association between SPS and intestinal necrosis or other
severe gastrointestinal side effects is low. PROSPERO
registration CRD42020213119. Journal of Hospital Medicine
2021;16:489-494. © 2021 Society of Hospital Medicine

it could not be determined whether SPS had a causal role in
gastrointestinal side effects, and the authors could only con-
clude that there was a "possible” association. In contrast to
case reports, several large cohort studies have been published
more recently and report the risk of severe gastrointestinal ad-
verse events associated with SPS compared with controls.®"
While some studies found an increased risk, others have not.
Given this uncertainty, we undertook a systematic review of
studies that report the incidence of severe gastrointestinal side
effects with SPS compared with controls.

METHODS

Data Sources and Search Strategy

A systematic search of the literature was conducted by a
medical librarian using the Cochrane Library, Embase, Med-
line, Google Scholar, PubMed, Scopus, and Web of Science
Core Collection databases to find relevant articles published
from database inception to October 4, 2020. The search was
peer reviewed by a second medical librarian using Peer Re-
view of Electronic Search Strategies (PRESS)." Databases were
searched using a combination of controlled vocabulary and
free-text terms for “SPS” and “bowel necrosis.” Details of
the full search strategy are listed in Appendix A. References
from all databases were imported into an EndNote X9 library,
duplicates removed, and then uploaded into Covidence, a
screening and data-extraction tool. Two authors (JLH and
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TABLE 1. Characteristics of Included Studies

Author/ No. of

year patients Setting Patient population
Gerstman et al, 1,614 Single hospital SPS exposed vs controls
19922 in Boston who had ESRD or s/p transplant
Watson et al, 123,391 Single hospital SPS exposed vs all

20128 in Maryland unexposed adults
Batterink et al, 138 Single hospital SPS exposed vs propensity
20152 in Canada score-matched controls
Lepage et al, 33 Outpatient clinic Adults with CKD, eGFR <40,
2015% in Canada hyperkalemia

Noel et al, 40,040  Outpatient Ontario, ~ Aged >65 y dispensed SPS vs
20190 Canada propensity score—matched controls
Laureati et al, 19,530 Outpatient Swedish SPS dispensed vs

20207 CKD registry matched controls

SPS in sorbitol median dose, 50 g

SPS in sorbitol median dose, 45 g

SPS without sorbitol 30 g daily x 7 d

SPS initiation without sorbitol, 3 dos-
ages estimated based on dispensations

Interventions Study design Outcomes

Intestinal necrosis based on
ICD coding

Retrospective cohort

Retrospective cohort Tissue-confirmed colonic necrosis

SPS in sorbitol 15-30 g Retrospective cohort Gl side effects, including

intestinal necrosis
Double-blind RCT Gl side effects, including
colonic necrosis

Composite Gl side effects, including
intestinal ischemia or thrombosis

SPS, dose or sorbitol
not specified

Population-based
retrospective cohort
Retrospective cohort Hospitalization or death attributed
to intestinal ischemia or thrombosis,

Gl ulcers, and perforation

Abbreviatons: CKD; chronic kidney disease; eGFR, estimated glomerular filtration rate in mL/min/1.73 m? ESRD, end-stage renal disease; ICD, Intemnational Classification of Diseases;

Gl, gastrointestinal; RCT, randomized control trial; SPS, sodium polystyrene sulfonate.

EAM) independently screened all titles and abstracts for full-
text review and ultimate inclusion. A third reviewer (CGGQG) re-
solved discrepancies. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines were
used for planning and reporting our review.”? The review pro-
tocol was registered in the PROSPERO database (registration
CRD42020213119).

Data Extraction and Quality Assessment

We used a standardized form to extract data, which included
author, year, country, study design, setting, number of patients,
SPS formulation, dosing, exposure, sorbitol content, outcomes
of intestinal necrosis and the composite severe gastrointesti-
nal adverse events, and the duration of time from SPS expo-
sure to outcome occurrence. Two reviewers (JLH and AER) in-
dependently assessed the methodological quality of included
studies using the Risk of Bias in Non-randomized Studies of
Interventions (ROBINS-I) tool for observational studies'® and the
Revised Cochrane risk of bias (RoB 2) tool for randomized con-
trolled trials (RCTs)." Additionally, two reviewers (JLH and CGG)
graded overall strength of evidence based on the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) system.™ Disagreement was resolved by consensus.

Data Synthesis and Analysis

The proportion of patients with intestinal necrosis was com-
pared using random effects meta-analysis using the restricted
maximum likelihood method." For the two studies that report-
ed hazard ratios (HRs), meta-analysis was performed after log
transformation of the HRs and Cls. One study that performed
survival analysis presented data for both the duration of the
study (up to 11 years) and up to 1 year after exposure.” We
used the data up to 1 year after exposure because we believed
later events were more likely to be due to chance than expo-
sure to SPS. For studies with zero events, we used the treat
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ment-arm continuity correction, which has been reported to
be preferable to the standard fixed-correction factor.”” We also
performed two sensitivity analyses, including omitting the stud-
ies with zero events and performing meta-analysis using risk
difference. The prevalence of intestinal ischemia was pooled
using the DerSimonian and Laird" random effects model with
Freeman-Tukey" double arcsine transformation. Heterogeneity
was estimated using the |2 statistic. |2 values of 25%, 50%, and
75% were considered low, moderate, and high heterogeneity,
respectively.?® Meta-regression and tests for small-study effects
were not performed because of the small number of includ-
ed studies.?' In addition to random effects meta-analysis, we
calculated the 90% predicted interval for future studies for the
pooled effect of intestinal ischemia.?? Statistical analysis was
performed using meta and metaprop commands in Stata/IC,
version 16.1 (StataCorp).

RESULTS

Selected Studies

The electronic search yielded 806 unique articles, of which 791
were excluded based on title and abstract, leaving 15 articles
for full-text review (Appendix B). Appendix C describes the
nine studies that were excluded, including the reason for ex-
clusion. Table 1 describes the characteristics of the six studies
that met study inclusion criteria. Studies were published be-
tween 1992 and 2020. Three studies were from Canada,02>
two from the United States,??® and one from Sweden.? Three
studies occurred in an outpatient setting,”'%? and three were
described as inpatient studies.®?2 SPS preparations included
sorbitol in three studies,®?3?* were not specified in one study,
and were not included in two studies.”? SPS dosing varied
widely, with median doses of 15 to 30 g in three studies,”??
45 to 50 g in two studies,®® and unspecified in one study.'
Duration of exposure typically ranged from 1 to 7 days but was
not consistently described. For example, two of the studies
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TABLE 2. Risk of Bias Assessment Using ROBINS-I for Observational Studies and RoB 2 for RCT

Author Confounding Selection bias Classification
Gerstman et al® H L L
Watson et al® H L L
Batterink et al** M L L
Lepage et al*® n/a L n/a

Noel et al™® M L L
Laureati et al” M L M

Measurement
Deviation Missing data of outcome  Selective reporting Overall
L L M L H
L L L M H
L L M L M
L L L L L
L L L L M
M M M H H

Abbreviations: H, serious risk of bias or high risk; L, low risk of bias; M, moderate risk of bias or some concerns; n/a, not applicable; RCT, randomized controlled trial; ROBINS-I, Risk of Bias in
Non-randomized Studies of Interventions assessment tool; RoB 2, Revised Cochrane Risk-of-Bias tool for randomized trials.

Treatment Control Odds ratio

Study Yes No Yes No (95% ClI) Weight, %
Gerstman, 1992 2 750 20 862 L] 5.31(0.28-102.38) 11.69
Watson, 2012 3 2,191 79 121,118 —.— 2.10 (0.66-6.65) 24.31
Batterink, 2015 0 66 0 72 . 1.00 (0.02-51.30) 7.94
Lepage, 2015 0 16 0 17 . 1.00 (0.02-53.4¢6) 7.82
Noel, 2019 " 20,009 2 20,018 —.— 5.50 (1.22-24.83) 21.39
Laureati, 2020 6 3,684 107 15733 —.— 0.24 (0.11-0.55) 26.85
Overall 1.43 (0.39-5.20)

Heterogeneity: 1= 1.45, 12 = 67.76%, H* = 3.10

Increased risk control

Test of 6i = 6j: Q(5) = 18.82, P <.001

Testof 6 =0:z=0.54, P= .59
0.05

Random-effects REML model

FIG. Risk of Intestinal Necrosis With Sodium Polystyrene Sulfonate

did not report duration of exposure,®'® and a third study re-
ported a single dispensation of 450 g in 41% of patients, with
the remaining 59% averaging three dispensations within the
first year” Sample size ranged from 33 to 123,391 patients.
Most patients were male, and mean ages ranged from 44 to
78 years. Two studies limited participation to those with chron-
ic kidney disease (CKD) with glomerular filtration rate (GFR)
<40? or CKD stage 4 or 5 or dialysis.” Two studies specifically
limited participation to patients with potassium levels of 5.0 to
5.9 mmol/L.2#% All six studies reported outcomes for intestinal
necrosis, and four reported composite outcomes for major ad-
verse gastrointestinal events.?10242

Table 2 describes the assessment of risk of bias using the
ROBINS-I tool for the five retrospective observational studies
and the RoB 2 tool for the one RCT."3" Three studies were rat-
ed as having serious risk of bias, with the remainder having
a moderate risk of bias or some concerns. Two studies were
judged as having a serious risk of bias because of potential
confounding.®?® To be judged low or moderate risk, studies
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Increased risk SPS

020 1.00 5.00 20.00

needed to measure and control for potential risk factors for in-
testinal ischemia, such as age, diabetes, vascular disease, and
heart failure.?¢?” One study also had serious risk of bias for se-
lective reporting because the published abstract of the study
used a different analysis and had contradictory results from the
published study.”?® An additional area of risk of bias that did
not fit into the ROBINS-I tool is that the two studies that used
survival analysis chose durations for the outcome that were
longer than would be expected for adverse events from SPS
to be evident. One study chose 30 days and the other up to a
maximum of 11 years from the time of exposure.”'

Quantitative Outcomes

Six studies including 26,716 patients treated with SPS and
controls reported the proportion of patients who developed
intestinal necrosis. The Figure shows the individual study and
pooled results for intestinal necrosis. The prevalence of intes-
tinal ischemia in patients treated with SPS was 0.1% (95% Cl,
0.03%-0.17%). The pooled odds ratio (OR) of intestinal necrosis
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TABLE 3. Summary of Outcomes

Major outcomes No. of studies OR (95% CI)
Intestinal necrosis 6 1.45 (0.40-5.33)
2 _—

Major gastrointestinal ADR 2 —

HR (95% CI) GRADE*
— Very low

2.00 (0.45-8.78) Very low
1.46 (1.01-2.11) Very low

* GRADE downgraded to very low because of imprecision; because five are observational studies; and because there are limitations regarding timing of sodium polystyrene sulfonate adminis-

trating not being correlated with events in some studies as well as serious risk of bias in 50% studies.

Abbreviations: ADR, adverse drug reaction; GRADE, Grading of Recommendations Assessment, Development and Evaluation.

was 1.43 (95% Cl, 0.39-5.20). The 90% predicted interval for
future studies was 0.08 to 26.6. Two studies reported rates of
intestinal necrosis using survival analysis. The pooled HR from
these studies was 2.00 (95% Cl, 0.45-8.78). Two studies per-
formed survival analysis for a composite outcome of severe
gastrointestinal adverse events. The pooled HR for these two
studies was 1.46 (95% Cl, 1.01-2.11).

For the meta-analysis of intestinal necrosis, we found
moderate-high statistical significance (Q = 18.82; P < .01; 12 =
67.8%). Sensitivity analysis removing each study did not affect
heterogeneity, with the exception of removing the study by Lau-
reati et al,” which resolved the heterogeneity (Q = 1.7, P = .8,
[2 = 0%). The pooled effect for intestinal necrosis also became
statistically significant after removing Laureati et al (OR, 2.87;
95% Cl, 1.24-6.63).” We also performed two subgroup analy-
ses, including studies that involved the concomitant use of sor-
bitol##2 compared with studies that did not”? and subgroup
analysis removing studies with zero events. Studies that includ-
ed sorbitol found higher rates of intestinal necrosis (OR, 2.26;
95% Cl, 0.80-6.38; I? = 0%) compared with studies that did not in-
clude sorbitol (OR, 0.25; 95% Cl, 0.11-0.57; 12 = 0%,; test of group
difference, P < .01). Removing the three studies with zero events
resulted in a similar overall effect (OR, 1.30; 95% Cl, 0.21-8.19).
Finally, a meta-analysis using risk difference instead of ORs found
a non-statistically significant difference in rate of intestinal ne-
crosis favoring the control group (risk difference, —0.00033; 95%
Cl, =0.0022 to 0.0015; 12 = 84.6%).

Table 3 summarizes our review findings and presents overall
strength of evidence. Overall strength of evidence was found
to be very low. Per GRADE criteria,'>? strength of evidence for
observational studies starts at low and may then be modified
by the presence of bias, inconsistency, indirectness, impreci-
sion, effect size, and direction of confounding. In the case of
the three meta-analyses in the present study, risk of bias was
serious for more than half of the study weights. Strength of
evidence was also downrated for imprecision because of the
low number of events and resultant wide Cls.

DISCUSSION

In total, we found six studies that reported rates of intestinal
necrosis or severe gastrointestinal adverse events with SPS use
compared with controls. The pooled rate of intestinal necrosis
was not significantly higher for patients exposed to SPS when
analyzed either as the proportion of patients with events or
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as HRs. The pooled rate for a composite outcome of severe
gastrointestinal side effects was significantly higher (HR, 1.46;
95% Cl, 1.01-2.11). The overall strength of evidence for the as-
sociation of SPS with either intestinal necrosis or the compos-
ite outcome was found to be very low because of risk of bias
and imprecision.

In some ways, our results emphasize the difficulty of showing
a causal link between a medication and a possible rare adverse
event. The first included study to assess the risk of intestinal
necrosis after exposure to SPS compared with controls found
only two events in the SPS group and no events in the con-
trol arm.? Two additional studies that we found were small
and did not report any events in either arm.?*? The first large
study to assess the risk of intestinal ischemia included more
than 2,000 patients treated with SPS and more than 100,000
controls but found no difference in risk.?2 The next large study
did find increased risk of both intestinal necrosis (incidence
rate, 6.82 per 1,000 person-years compared with 1.22 per 1,000
person-years for controls) and a composite outcome (incidence
rate, 22.97 per 1,000 person-years compared with 11.01 per
1000 person-years for controls), but in the time to event anal-
ysis included events up to 30 days after treatment with SPS.™
A prior review of case reports of SPS and intestinal necrosis
found a median of 2 days between SPS treatment and symp-
tom onset.’ It is unlikely the authors would have had sufficient
events to meaningfully compare rates if they limited the anal-
ysis to events within 7 days of SPS treatment, but events after
a week of exposure are unlikely to be due to SPS. The final
study to assess the association of SPS with intestinal necrosis
actually found higher rates of intestinal necrosis in the control
group when analyzed as proportions with events but reported
a higher rate of a composite outcome of severe gastrointesti-
nal adverse events that included nine separate International
Classification of Diseases codes occurring up to 11 years after
SPS exposure.? This study was limited by evidence of selective
reporting and was funded by the manufacturers of an alterna-
tive cation-exchange medication.

Based on our review of the literature, it is unclear if SPS does
cause intestinal ischemia. The pooled results for intestinal isch-
emia analyzed as a proportion with events or with survival analy-
sis did not find a statistically significantly increased risk. Because
most of the included studies had low event rates and serious
risk of bias, it may be possible that larger, well-designed studies
will find that there is in fact a higher risk of intestinal necrosis.
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Conversely, it is possible that any observed association be-
tween SPS use and intestinal necrosis is due to confounding
and that patients who are at risk for developing hyperkalemia
and being treated with SPS are also at risk for intestinal ne-
crosis. Diabetes, vascular disease, and heart failure are inde-
pendently associated with colonic necrosis and are frequent-
ly present in patients who develop hyperkalemia while on
renin-angiotensin-aldosterone system inhibitors (RAAS-), and
this is the population commonly treated with potassium bind-
ers such as SPS.2%

A cost analysis of SPS vs potential alternatives such as pa-
tiromer for patients on chronic RAAS-I with a history of hy-
perkalemia or CKD published by Little et al* concluded that
SPS remained the cost-effective option when colonic necrosis
incidence is 19.9% or less, and our systematic review reveals
an incidence of 0.1% (95% Cl, 0.03-0.17%). The incremental
cost-effectiveness ratio was an astronomical $26,088,369 per
quality-adjusted life-year gained, per Little's analysis.

Limitations of our review are the heterogeneity of studies,
which varied regarding inpatient or outpatient setting, formu-
lations such as dosing, frequency, whether sorbitol was used,
and interval from exposure to outcome measurement, which
ranged from 7 days to 1 year. On sensitivity analysis, statistical
heterogeneity was resolved by removing the study by Laureati
et al.? This study was notably different from the others because
it included events occurring up to 1 year after exposure to SPS,
which may have resulted in any true effect being diluted by later
events unrelated to SPS. We did not exclude this study post hoc
because this would result in bias; however, because the over-
all result becomes statistically significant without this study, our
overall conclusion should be interpreted with caution.® It is pos-
sible that future well-conducted studies may still find an effect of
SPS on intestinal necrosis. Similarly, the finding that studies with
SPS coformulated with sorbitol had statistically significantly in-
creased risk of intestinal necrosis compared with studies without
sorbitol should be interpreted with caution because the study
by Laureati et al’ was included in the studies without sorbitol.

CONCLUSIONS

Based on our review of six studies, the risk of intestinal necrosis
with SPS is not statistically significantly greater than controls,
although there was a statistically significantly increased risk for
the composite outcome of severe gastrointestinal side effects
based on two studies. Owing to risk of bias from potential con-
founding and selective reporting, the overall strength of evi-
dence to support an association between SPS and intestinal
necrosis or other severe gastrointestinal side effects is very low.

Disclosures: The authors have no conflicts to disclose.
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