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IMPORTANCE Sodium polystyrene sulfonate is commonly prescribed for the treatment of
hyperkalemia. Case reports of intestinal injury after administration of sodium polystyrene
sulfonate with sorbitol resulted in a US Food and Drug Administration warning and
discontinuation of combined 70% sorbitol-sodium polystyrene sulfonate formulations.
There are ongoing concerns about the gastrointestinal (Gl) safety of sodium polystyrene
sulfonate use.

OBJECTIVE To assess the risk of hospitalization for adverse Gl events associated with sodium
polystyrene sulfonate use in patients of advanced age.

DESIGN, SETTING, AND PARTICIPANTS Population-based, retrospective matched cohort study
of eligible adults of advanced age (=66 years) dispensed sodium polystyrene sulfonate from
April 1, 2003, to September 30, 2015, in Ontario, Canada, with maximum follow-up to March
31, 2016. Initial data analysis was conducted from August 1, 2018, to October 3, 2018; revision
analysis was conducted from February 25, 2019, to April 2, 2019. Cox proportional hazards
regression models were used to examine the association of sodium polystyrene sulfonate
use with a composite of Gl adverse events compared with nonuse that was matched via a
high-dimensional propensity score. Additional analyses were limited to a subpopulation with
baseline laboratory values of estimated glomerular filtration rate and serum potassium level.

EXPOSURE Dispensed sodium polystyrene sulfonate in an outpatient setting.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of adverse Gl events
(hospitalization or emergency department visit with intestinal ischemia/thrombosis, Gl
ulceration/perforation, or resection/ostomy) within 30 days of initial sodium polystyrene
sulfonate prescription.

RESULTS From a total of 1853 866 eligible adults, 27 704 individuals were dispensed sodium
polystyrene sulfonate (mean [SD] age, 78.5 [7.7] years; 54.7% male), and 20 020 sodium
polystyrene sulfonate users were matched to 20 020 nonusers. Sodium polystyrene
sulfonate use compared with nonuse was associated with a higher risk of an adverse Gl event
over the following 30 days (37 events [0.2%]; incidence rate, 22.97 per 1000 person-years vs
18 events [0.1%]; incidence rate, 11.01 per 1000 person-years) (hazard ratio, 1.94; 95% Cl,
1.10-3.417). Results were consistent in additional analyses, including the subpopulation with
baseline laboratory values (hazard ratio, 2.91; 95% Cl, 1.38-6.12), and intestinal
ischemia/thrombosis was the most common type of Gl injury.

CONCLUSIONS AND RELEVANCE The use of sodium polystyrene sulfonate is associated with
a higher risk of hospitalization for serious adverse Gl events. These findings require
confirmation and suggest caution with the ongoing use of sodium polystyrene sulfonate.
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odium polystyrene sulfonate isa commonly used cation-

exchange resin used for the management of hyperkalemia.

Originally introduced for use in 1959, it is frequently pre-
scribed, with an estimated 5 million doses administered in the
United States per annum.' As the incidence of recognized hyper-
kalemia in the population has continued torise, it is anticipated
that there will be a parallel rise in the use of therapeutic agents
to safely manage hyperkalemia.?*

Despite its long-standing and widespread use, there have
been several case reports of serious and often fatal gastroin-
testinal (GI) injury associated with sodium polystyrene sulfo-
nate use.>® This injury was originally attributed to coadmin-
istration of sodium polystyrene sulfonate with 70% sorbitol
as a premixed suspension agent, and the US Food and Drug Ad-
ministration (FDA) issued a black box warning against their con-
current use.” Nevertheless, case reports of Gl injuries, primar-
ily colonic necrosis, have persisted with the use of sodium
polystyrene sulfonate as a solo agent.®12 Clinical trials evalu-
ating its use in a total of 136 patients reported no serious ad-
verse GI events.!®> A single-center observational study'© as-
sessing 2194 inpatients who were administered sodium
polystyrene sulfonate reported biopsy-proven colonic necro-
sis within 30 days to be extremely rare, with only 3 events re-
lated to its use (incidence rate, 0.14%). Gastrointestinal in-
jury does not appear to be limited to colonic necrosis because
mucosal ulceration has been reported in the esophagus, stom-
ach, and duodenum with sodium polystyrene sulfonate use.®
To date, considerable uncertainty persists regarding the true
extent and risk of adverse GI events with sodium polystyrene
sulfonate use.™'®

As such, the objective of the present study was to exam-
ine the population-level incidence and relative risk of GI in-
jury requiring hospitalization or emergency department visit
associated with sodium polystyrene sulfonate use compared
with nonuse. The study hypothesis was that sodium polysty-
rene sulfonate use would not be significantly associated with
a higher risk of GI events compared with nonuse.

Methods

Design and Setting

We conducted a population-level, retrospective matched co-
hort study of eligible adults of advanced age (=66 years) dis-
pensed sodium polystyrene sulfonate from April 1, 2003, to
September 30, 2015, in Ontario, Canada, using linked data-
bases held at the Institute for Clinical Evaluative Sciences
(ICES).'” Ontario is Canada’s largest province, with more than
13 million residents, of whom 17% are 65 years or older.'® These
data sets were linked using unique encoded identifiers and ana-
lyzed at ICES. All citizens have access to universal public health
care, and individuals 65 years or older have universal outpa-
tient prescription drug coverage. The use of deidentified data
in this project was authorized under §45 of Ontario’s Per-
sonal Health Information Protection Act, which does not re-
quire review by a research ethics board. The reporting of this
study follows guidelines for observational studies (eTable 1in
the Supplement).’®
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Key Points

Question Is the use of sodium polystyrene sulfonate associated
with a higher risk of hospitalization for adverse gastrointestinal
events?

Findings In this population-level cohort study of 20 020 matched
individuals, sodium polystyrene sulfonate use was associated with
a1.9-fold higher risk of hospitalization within 30 days of initial
prescription for adverse gastrointestinal events compared with
nonuse.

Meaning The use of sodium polystyrene sulfonate was associated
with a high risk of hospitalization for serious adverse
gastrointestinal events.

Data Sources

We ascertained patient characteristics, medication data, and
outcome data from decoded, linked databases housed at
ICES.29-?! Demographics and vital status information were ob-
tained from the Ontario Registered Persons Database. Medi-
cation information was obtained from the Ontario Drug Ben-
efit claims database, which contains accurate records of all
outpatient prescriptions dispensed to patients 65 years or older,
with an error rate of less than 1%.%? Diagnostic and proce-
dural information from all hospitalizations was determined
using the Canadian Institute for Health Information Dis-
charge Abstract Database. Diagnostic information from emer-
gency department visits was obtained using the National Am-
bulatory Care Reporting System. Information was also obtained
from the Ontario Health Insurance Plan database, which con-
tains all health claims for inpatient and outpatient physician
services. Whenever possible, we defined patient characteris-
tics and outcomes using validated codes (eTable 2 in the
Supplement). Laboratory information is contained in the On-
tario Laboratories Information System, which captures 95% of
laboratory tests for individuals in Ontario.?* The databases were
complete for all variables used except for rural location, which
was missing in less than 0.5% of individuals. The only reason
for loss to follow-up was emigration from the province, which
occurs in less than 0.5% of residents each year.?*

Cohort Definition

All adults 66 years or older with a first outpatient prescrip-
tion dispensed for sodium polystyrene sulfonate (eTable 3 in
the Supplement) from April 1, 2003, to September 30, 2015,
were included, with maximum follow-up to March 31, 2016.
Patients with a history of the composite outcome of adverse
Gl events were excluded (look back to 1991 except for resection/
ostomy, which was a 5-year look-back window). The eFigure
in the Supplement shows the cohort creation. The sodium poly-
styrene sulfonate prescription date served as the study index
date, which was also used as the date of cohort entry and the
start of follow-up. We excluded patients with a sodium poly-
styrene sulfonate prescription in the 180 days before the in-
dex date. A random date based on the statistical distribution
ofindex dates for the exposure group was assigned for the un-
exposed group such that there were no differences in the dis-
tributions of index dates between the 2 groups.
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Exposure

The study exposure was the first sodium polystyrene sulfo-
nate prescription dispensed in the accrual period. Individu-
als were followed up until the study outcome, 30 days, emi-
gration from the province, or death. Sodium polystyrene
sulfonate users (the exposure group) were matched to nonus-
ers using a high-dimensional propensity score (HDPS). The
HDPS is a computer algorithm designed for use in administra-
tive databases that selects and ranks variables based on mul-
tiplicative bias testing (ie, an empirical method of variable
selection).?> The HDPS is calculated from 200 variables and
hasimproved covariate balance between matched groups, with
the potential for less biased treatment estimates compared with
traditional propensity score techniques (eTable 4 and eTable 5
and Additional Methodological Details in the Supplement list
all covariates included and the HDPS rank).2®

Outcomes

The primary study outcome was a hospitalization or emer-
gency department visit for a composite of adverse GI events
(intestinal ischemia/thrombosis, GI ulceration/perforation, or
resection/ostomy). The secondary outcomes were the 3 indi-
vidual components of the composite (eTable 2 in the
Supplement lists outcome codes used), which reflects the broad
spectrum of reported GI injury associated with sodium poly-
styrene sulfonate use.'!? Patients were followed up for at least
30 days after the index date (sodium polystyrene sulfonate dis-
pensing). Furthermore, we evaluated the risk of a negative con-
trol outcome consisting of a composite GI outcome of chole-
cystitis, diverticulitis, or appendicitis between sodium
polystyrene sulfonate users vs nonusers. The composite of cho-
lecystitis, diverticulitis, or appendicitis was not expected to
be associated with sodium polystyrene sulfonate use, and we
reasoned that a null association with this outcome would
increase the credibility of any observed association with ad-
verse GI events.

Statistical Analysis

We used standardized differences to assess covariate balance
before and after HDPS matching between individuals based on
sodium polystyrene sulfonate use.?” This measurement as-
sesses differences between group means relative to the pooled
standard deviation, with a significant difference considered
tobe 10% or greater. Individuals with sodium polystyrene sul-
fonate use were matched (greedy algorithm, without replace-
ment) 1:1 to individuals without use on the logit of the HDPS
(+0.2 of the standard deviation) and the following set of in-
vestigator-defined variables: age, sex, diabetes, congestive
heart failure, prior acute kidney injury (AKI), chronic dialy-
sis, history of hyperkalemia, previous nephrologist visits, medi-
cation use (B-blocker or renin-angiotensin-aldosterone sys-
tem blockade), and index date (within 1 year).?® Variables
selected by the HDPS were visually inspected for clinical ap-
propriateness and truncated to the top 200 covariates based
on multiplicative bias ranking (eTables 4 and 5 in the
Supplement).?> We calculated the incidence rate (defined as
the rate per 1000 person-years of follow-up) for the out-
comes of interest. We examined the association between so-
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dium polystyrene sulfonate exposure and the study out-
comes using Cox proportional hazards regression models.
Several sensitivity analyses were conducted as follows: (1) the
matching and analysis were repeated in a subpopulation with
known baseline categories of estimated glomerular filtration
rate (eGFR) (<15, 15-29, 30-44, 45-59, 60-89, or =90 mL/min/
1.73 m?) (calculated by the Chronic Kidney Disease Epidemi-
ology Collaboration equation) and serum potassium level
(<5 or x5mEq/L) (to convert potassium level to millimoles per
liter, multiply by 1.0), (2) our models were limited to individu-
als with a potassium level of at least 5 mEq/L at sodium poly-
styrene sulfonate dispensing, (3) all patients with a hospital-
ization or emergency department visit within 30 days of initial
sodium polystyrene sulfonate dispensing were excluded, and
(4) anegative control outcome (composite of cholecystitis, di-
verticulitis, or appendicitis) was tested in our matched co-
hort to examine for residual confounding. In the subpopula-
tion with known baseline eGFR and serum potassium level,
individuals with sodium polystyrene sulfonate use were
matched (greedy algorithm, without replacement) 1:4 to in-
dividuals without use on the logit of the HDPS (+0.2 of the stan-
dard deviation) and the following set of investigator-defined
variables: eGFR (<15, 15-29, 30-44, 45-59, 60-89, or 290 mL/
min/1.73 m?), potassium level (<5 or =5 mEq/L), age, sex, dia-
betes, congestive heart failure, prior AKI, chronic dialysis,
medication use (renin-angiotensin-aldosterone system block-
ade or low-molecular-weight heparin), and index date (within
1year). Both eGFR and serum potassium level were the earli-
est immediate values before sodium polystyrene sulfonate
dispensing (1-year look-back window). Models were also ad-
justed for place of residence. We tested for an association
of several a priori-defined subgroups of interest (eGFR [<15,
15-29, 30-44, 45-59, 60-89, or =90 mL/min/1.73 m?], potas-
sium level [<5 or =5 mEq/L], history of diabetes or congestive
heart failure, prior AKI, use of renin-angiotensin-aldosterone
system blockade, and before vs after the 2009 FDA warning
against concurrent 70% sorbitol use) with sodium polysty-
rene sulfonate exposure using interaction terms and the pri-
mary study outcome.?2°3° We conducted all analyses with
statistical software (SAS software, SAS Enterprise Guide ver-
sion 7.1; SAS Institute Inc). On 2-sided testing, confidence
intervals that did not overlap with 1 were treated as statisti-
cally significant.

. |
Results

From a total 1853 866 eligible patients, 27704 individuals
(1.5%) (mean [SD] age, 78.5 [7.7] years; 54.7% male) were dis-
pensed sodium polystyrene sulfonate, and 20 020 (72.3%) were
retained after matching, for a total of 40 040 matched pa-
tients. Baseline characteristics of the total, unmatched, and
matched cohorts are listed in Table 1. After matching, the me-
dian patient age was 78 years, and 54.4% were male. There was
no detectable imbalance between baseline characteristics of
the matched groups except for residence in long-term care
and/or in a rural area. Just over half of patients had a history
of hypertension or diabetes. Most were taking an angiotensin-
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Table 1. Baseline Characteristics of Sodium Polystyrene Sulfonate Users and Nonusers Before and After Matching

Unmatched Matched
Standardized Standardized

Variable Total Use Nonuse Difference, %  Use Nonuse Difference, %
Total No. 1853866 27704 1826162 NA 20020 20020 NA
Demographics
Age, median (IQR), y 74 (69-81) 78 (72-84) 74 (69-81) NA 78 (72-84) 78 (72-84) NA
Female, No. (%) 1028487 (55.5) 12 554 (45.3) 1015933 (55.6) 21° 9134 (45.6) 9134 (45.6) 0
Long-term care, No. (%) 206983 (11.2) 4588 (16.6) 202395 (11.1) 16° 3212 (16.0) 4646 (23.2) 18.0?
ﬁ?ig,z)i” B el e, 244567 (13.2) 4523 (16.3) 240044 (132) 9 3402 (17.0) 2405 (12.0) 1420
Comorbidities, No. (%)
Hypertension 717899 (38.7) 15973 (57.7) 701926 (38.4) 39° 10830 (54.1) 11395 (56.9) 5.7
Diabetes 394896 (21.3) 15358 (55.4) 379538 (20.8) 76° 10583 (52.9) 10583 (52.9) 0
stroke/transient ischemic g0 466 (4.3) 1933 (7.0) 78533 (4.3) 12° 1339 (6.7) 1436 (7.2) 1.9
Atrial fibrillation 98562 (5.3) 3321 (12.0) 95241 (5.2) 242 1972 (9.9) 2381 (11.9) 6.6
Peripheral vascular disease 10984 (0.6) 776 (2.8) 10208 (0.6) 18?2 419 (2.1) 384 (1.9) 1.2
Congestive heart failure 70543 (3.8) 6020 (21.7) 64523 (3.5) 572 3065 (15.3) 3065 (15.3) 0
Coronary artery disease 187475 (10.1) 6781 (24.5) 180694 (9.9) 39° 4355 (21.8) 4760 (23.8) 4.8
Angina 37437 (2.0) 1448 (5.2) 35989 (2.0) 18° 869 (4.3) 1049 (5.2) 4.2
Prior acute kidney injury 50214 (2.7) 5640 (20.4) 44574 (2.4) 592 2139 (10.7) 2139 (10.7) 0
Chronic dialysis 3209 (0.2) 938 (3.4) 2271(0.1) 25° 220(1.1) 220(1.1) 0
History of hyperkalemia 16876 (0.9) 4771 (17.2) 12105 (0.6) 61° 1037 (5.2) 1037 (5.2) 0
Gastrointestinal surgery 6142 (0.3) 326(1.2) 5816 (0.3) 10° 157 (0.8) 201 (1.0) 2.1
Access to Care, % Using the Health Service 21 Episode
e dipEfEt g 80.2 56.5 532 77.0 76.2 2.2
Hospitalizations 10.6 419 10.1 78° 32.0 32.9 1.9
Gastroenterologist visits 6.4 15.7 6.3 31° 12.5 14.7 6.6
Nephrologist visits 4.6 41.6 4.0 1007 34.1 34.1 0
Cardiology visits 28.7 58.0 28.2 637 52.8 56.9 7.6
Medications, No. (%)
Angiotensin-converting
enzyme inhibitor 464260 (25.0) 13596 (49.1) 450664 (24.7) 52° 10082 (50.4) 9643 (48.2) 4.4
z‘i‘il?gfitca“i“m'spa”"g 523427(28.2)  15886(57.3)  507541(27.8)  63° 10747 (53.7) 11201 (56.0) 4.6
Potassium-sparing diuretic 68790 (3.7) 4436 (16.0) 64354 (3.5) 432 2381 (11.9) 2381 (11.9)
B-Blocker 411883 (22.2) 13961 (50.4) 397922 (21.8) 62 9567 (47.8) 9567 (47.8)
S e 281326(15.2)  8218(29.7) 273108(15.0) 367 6115(30.5) 5913 (29.5) 2.2
Aldosterone receptor
antagonist 31289(1.7) 3850 (13.9) 27439 (1.5) 48° 2034 (10.2) 1872 (9.5) 2.7
Nonsteroidal
anti-inflammatory drug 266304 (14.4) 5319(19.2) 260985 (14.3) 132 4037 (20.2) 3666 (18.3) 47
sl e g 431(1.6) 4492 (0.3) 14° 268 (1.3) 145 (0.7) 6.1

heparin

Abbreviations: IQR, interquartile range; NA, not applicable.
@ Standardized differences exceeding 10% are statistically significant.

converting enzyme inhibitor, angiotensin Il receptor blocker,
or aldosterone receptor antagonist, and more than half were
taking a nonpotassium-sparing diuretic. Subsets of 7557 pa-
tients with known eGFR and serum potassium level at so-
dium polystyrene sulfonate dispensation were further matched
t0 18 492 controls. For this cohort, 77.1% had an eGFR less than
60 mL/min/1.73 m?, and the baseline serum potassium level
differed between the sodium polystyrene sulfonate cases
(mean [SD], 5.6 [0.7] mEq/L) and controls (mean [SD], 5.1[0.3]
mEq/L) (eTable 6 in the Supplement).
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The primary study outcome is summarized in Table 2 and
the Figure. In the total study cohort, there were 63 events
(0.2%) in the sodium polystyrene sulfonate use group and 756
events (0.04%) events in the nonuse group. In the matched co-
hort, there were 37 events (0.2%) in the sodium polystyrene
sulfonate use group and 18 events (0.1%) in the nonuse group.
A higher risk for an adverse GI event was observed with so-
dium polystyrene sulfonate use vs nonuse in the matched co-
hort (37 [0.2%]; incidence rate, 22.97 per 1000 person-years
vs 18[0.1%]; incidence rate, 11.01 per 1000 person-years) (haz-
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Table 2. Association of Sodium Polystyrene Sulfonate Use vs Nonuse With Hospitalization or Emergency Department Visit

for an Adverse Gastrointestinal Event Within 30 Days

No. of Events Time to Event,

Incidence Rate (95% Cl)

Variable (% Total) Median (IQR), d per 1000 Person-Years HR (95% CI)
Total Cohort (27 704 With Use and 1 826 162 With Nonuse)

Use 63(0.2) 12 (6.2) 28.33(21.33-35.32) 5.61 (4.34-7.26)
Nonuse 756 (0.04) 16 (9.2) 5.05 (4.69-5.41)

Matched Cohort (20 020 With Use and 20 020 With Nonuse)?®

Use 37(0.2) 12 (8.2) 22.97 (15.57-30.37) 1.94 (1.10-3.41)
Nonuse 18 (0.1) 14 (3.2) 11.01 (5.92-16.09)

Matched With Laboratory Values (7557 With Use and 18 492 With Nonuse)®
Use 15(0.2) 12(6.2)

Nonuse 13(0.1) 8(4.2)

24.54(12.11-36.95)
8.59(3.92-13.26)

2.91(1.38-6.12)

Abbreviations: HR, hazard ratio; IQR, interquartile range.

Sl conversion factor: To convert potassium level to millimoles per liter, multiply
by 1.0.

2 Matched (greedy algorithm, without replacement) 1:1 to individuals without
use on the logit of the high-dimensional propensity score (+0.2 of the
standard deviation) and the following: age, sex, diabetes, congestive heart
failure, prior acute kidney injury, chronic dialysis, history of hyperkalemia,
previous nephrologist visit, medication use (B-blocker or renin-angiotensin-
aldosterone system blockade), and index date (within 1year). Additional
adjustment was for place of residence.

®Matched (greedy algorithm, without replacement) 1:4 to individuals without
use on the logit of the high-dimensional propensity score (+0.2 of the
standard deviation) and the following: baseline estimated glomerular filtration
rate (<15, 15-29, 30-44, 45-59, 60-89, or =90 mL/min/1.73 m?), baseline
serum potassium level (<5 or =5 mEg/L), age, sex, diabetes, congestive heart
failure, prior acute kidney injury, chronic dialysis, medication use
(renin-angiotensin-aldosterone system blockade or low-molecular weight
heparin), and index date (within 1year). Additional adjustment was for place
of residence.

Figure. 30-Day Probability of Gastrointestinal (GI) Injury Requiring
Hospitalization or Emergency Department Visit Associated With Sodium
Polystyrene Sulfonate Use Compared With Nonuse

1.0000

0.9995

Nonuse

0.9990

0.9985

Probability of Gl Event

0.9980 Use

0.9975 T T T T T T T T T T T T |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time From Sodium Polystyrene Sulfonate Prescription, d

Results presented are for the matched analysis of sodium polystyrene sulfonate
users to nonusers on the logit of the high-dimensional propensity score (+0.2 of
the standard deviation) and the following: age, sex, diabetes, congestive heart
failure, prior acute kidney injury, chronic dialysis, history of hyperkalemia,
previous nephrologist visit, medication use (3-blocker or renin-angiotensin-
aldosterone system blockade), and index date (within 1year). Additional
adjustment was for place of residence.

ard ratio [HR], 1.94; 95% CI, 1.10-3.41), with the risk of an ad-
verse event detected early (within 10 days of sodium polysty-
rene sulfonate dispensing) and persisting during the entire
follow-up period (Figure). When limited to patients with labo-
ratory values and matched for eGFR and serum potassium
level, the association persisted (HR, 2.91; 95% CI, 1.38-6.12),
albeit in a smaller number of events (15 events in the sodium
polystyrene sulfonate use group vs 13 events in the nonuse
group). Similarly, the association was consistent when the co-
hort was limited to patients with a serum potassium level of

jamainternalmedicine.com

at least 5 mEq/L (HR, 2.59; 95% CI, 1.10-6.09) and when we
excluded all patients with a hospitalization or emergency de-
partment visit during the 30 days preceding sodium polysty-
rene sulfonate dispensing (HR, 3.11; 95% CI, 1.31-7.38).

When examining the subtypes of GI injury, the hazard ra-
tio was highest for intestinal ischemia/thrombosis (HR, 4.92;
95% CI, 1.09-22.25), whereas no association was detected for
GI ulceration/perforation (HR, 1.75; 95% CI, 0.70-4.41) or re-
section/ostomy (HR, 1.34; 95% CI, 0.59-3.02). These results are
summarized in Table 3.

We examined several a priori-defined subgroups of inter-
est, including those with baseline eGFR and serum potas-
sium level, diabetes, congestive heart failure, AKI, chronic di-
alysis, renin-angiotensin-aldosterone system blockade, and
before vs after the 2009 FDA warning against concurrent 70%
sorbitol use. There were no statistically significant differ-
ences in risk between any of the subgroups examined (Table 4).

When examining a composite negative GI outcome (un-
related to sodium polystyrene sulfonate use), there was no sta-
tistically significant association between sodium polysty-
rene sulfonate use and the risk of cholecystitis, diverticulitis,
or appendicitis (153 events; HR, 1.22; 95% CI, 0.89-1.69). These
results are summarized in eTable 7 in the Supplement.

|
Discussion

In this population-based, retrospective matched cohort study,
individuals who received sodium polystyrene sulfonate were
at an elevated risk for a serious adverse GI event. The height-
ened risk was independent of baseline eGFR and serum po-
tassium level and was detected within 30 days of sodium poly-
styrene sulfonate being dispensed. Consistent with previous
reports,® the most common type of GI injury was intestinal
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Table 3. Association of Sodium Polystyrene Sulfonate Use vs Nonuse With Hospitalization or Emergency Department Visit
by Type of Gastrointestinal (GI) Event Within 30 Days®

Use Nonuse
Incidence Rate (95% Cl)

No. of Events No. of Events Incidence Rate (95% Cl)

Variable (% Total)® per 1000 Person-Years (% Total) per 1000 Person-Years HR (95% CI)
Intestinal 11 (0.1) 6.82(3.78-12.32) <5¢ 1.22 (0.31-4.89) 4.92(1.09-22.25)
ischemia/thrombosis

Gl ulceration/perforation 13 (0.1) 8.07 (4.68-13.89) 7 (0) 4.28 (2.04-8.98) 1.75(0.70-4.41)
Resection/ostomy 14 8.69 (5.15-14.67) 10(0.1) 6.11(3.29-11.36) 1.34 (0.59-3.02)

Abbreviation: HR, hazard ratio.

2 Matched (greedy algorithm, without replacement) 1:1 to individuals without
use on the logit of the high-dimensional propensity score (+0.2 of the
standard deviation) and the following: age, sex, diabetes, congestive heart
failure, prior acute kidney injury, chronic dialysis, history of hyperkalemia,
previous nephrologist visit, medication use (B-blocker or renin-angiotensin-

aldosterone system blockade), and index date (within 1year). Additional
adjustment was for place of residence.

b Total number of events is 38 because 1 patient had 2 events on the same day.

€ Number of events is suppressed when less than 5 as per the Institute for
Clinical Evaluative Sciences privacy policy.

Table 4. Risk of Adverse Gastrointestinal Injury Comparing Matched Sodium Polystyrene Sulfonate Users to Nonusers in Subgroups of Interest

Use Nonuse
Incidence Rate (95% Cl) Incidence Rate (95% Cl) Interaction

Variable No. of Events (%) per 1000 Person-Years No. of Events (%) per 1000 Person-Years HR (95% CI)? P Value
Baseline Serum Potassium Level, mEq/L"
<5 11(0.2) 36.75(13.79-97.93) 10 (0.1) 8.77 (2.93-27.18) 4.45 (0.99-19.94) M
25 NR 21.89(12.12-39.52) NR 8.54 (4.59-15.87) 2.59(1.10-6.09)
Diabetes
Yes 18 (0.2) 21.00 (13.23-33.32) 8(0.1) 9.24 (4.62-18.48) 2.12(0.92-4.87)
No 19(0.2) 25.22(16.09-39.54) 10(0.1) 12.99 (6.99-24.14) 1.80(0.83-3.87) 78
Congestive Heart Failure
Yes 7(0.2) 28.78 (13.72-60.38) NR 8.02 (2.01-32.06) 3.35(0.70-16.14) 6
No 30(0.2) 21.94 (15.34-31.38) 16 (0.1) 11.55 (7.07-18.84) 1.76 (0.96-3.24)
Prior Acute Kidney Injury
Yes NR NA NR NA NA
No 33(0.2) NA 18 (0.1) NA 1.74 (0.98-3.10) NA
Chronic Dialysis
Yes NR NA NR NA NA
No 37(0.2) NA 17 (0.1) NA 2.05 (1.15-3.65) NA
Renin-Angiotensin-Aldosterone System Blockade
Yes 30(0.2) 24.12 (16.86-34.50) 12 (0.1) 9.52(5.41-16.76) 2.36(1.21-4.62) 4
No 7(0.2) 19.08 (9.10-40.02) 6(0.1) 16.01 (7.19-35.64) 1.10(0.37-3.27)
Before vs After the 2009 FDA Warning Against Concurrent 70% Sorbitol Use
Before 15(0.2) 20.13(12.13-33.39) 9(0.1) 11.91(6.19-22.87) 1.52(0.66-3.48) o
After 22(0.2) 25.42 (16.74-38.61) 9(0.1) 10.24 (5.33-19.68) 2.37(1.09-5.16)

Abbreviations: FDA, US Food and Drug Administration; HR, hazard ratio;
NA, not applicable; NR, not reportable (number of events is suppressed when
<5 as per the Institute for Clinical Evaluative Sciences privacy policy).

Sl conversion factor: To convert potassium level to millimoles per liter, multiply
by 1.0.

@ Comparing users vs nonusers (reference).

b Calculated from matched cohort with laboratory values (7557 with use and
18 492 with nonuse). Baseline estimated glomerular filtration rate subgroups
had few events and are not presented.

ischemia/thrombosis. The higher risk did not differ accord-
ing to baseline eGFR or serum potassium level, diabetes, con-
gestive heart failure, AKI, chronic dialysis, renin-angiotensin-
aldosterone system blockade, and before vs after the 2009 FDA
warning against concurrent 70% sorbitol use.

To our knowledge, this is the first population-based study
of sodium polystyrene sulfonate use and serious adverse GI
events. Previous studies>!%13>3! are based on case reports,
single-center cohort studies, or small trials, leaving consider-
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able uncertainty regarding the true association of sodium poly-
styrene sulfonate exposure and GI injury. Harel et al® identi-
fied 58 cases of adverse GI events across 30 case reports
associated with sodium polystyrene sulfonate use (17 with-
out sorbitol) in a systematic review. Moreover, symptoms were
reported shortly after sodium polystyrene sulfonate use (me-
dian, 2 days), lesions were reported throughout the GI tract,
and subsequent mortality was high (33%). Using a retrospec-
tive cohort study design at a single tertiary care center, Wat-
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son et al'® reported an overall low risk of sodium polystyrene
sulfonate-associated GI injury, with a 2-fold increase in the
crude incidence with sodium polystyrene sulfonate use vs non-
use (0.14% vs 0.07%). Pathological confirmation was re-
quired for identification, and only colonic GI injuries were in-
cluded. In a small randomized clinical trial (RCT) of sodium
polystyrene sulfonate use (n = 33) associated with mild hy-
perkalemia, Lepage et al'® reported no increase in any GI symp-
toms or adverse events with sodium polystyrene sulfonate ex-
posure vs placebo. Similar small RCTs>!* reported no serious
adverse GI events associated with sodium polystyrene sulfo-
nate use.

Using a broader definition of GI injury, we observed a con-
sistent and concerning risk of serious injury shortly after so-
dium polystyrene sulfonate administration. Our findings al-
low an estimation of the incidence of serious GI injury at a
population level associated with outpatient sodium polysty-
rene sulfonate use at roughly 23 cases per 1000 person-years
of exposure (Table 2). It remains unclear whether the risk is
similar with chronic, repeat sodium polystyrene sulfonate use.

When examining the subtypes of GI injury, the highest risk
associated with sodium polystyrene sulfonate use was intes-
tinal ischemia/thrombosis, which is consistent with previous
studies.® Of note, the requirement for pathological confirma-
tion may significantly underestimate the true risk of injury be-
cause it may not be routinely performed unless GI adverse
events associated with sodium polystyrene sulfonate expo-
sure are clinically suspected. Therefore, our broader defini-
tion of GI injury (including resection/ostomy) may more reli-
ably capture the clinical consequences of sodium polystyrene
sulfonate-associated injury. Furthermore, upper GI tract in-
juries are likely underrecognized and were previously re-
ported in a small case series describing sodium polystyrene
sulfonate crystallization in the esophagus, stomach, and
duodenum.® Of concern, 9 of 11 patients demonstrated con-
current endoscopic or histopathological mucosal ulceration or
erosion.® Herein, we detected numerically but not statisti-
cally significant elevations in the risk of upper GI tract or sur-
gical complications associated with sodium polystyrene
sulfonate use (likely related to the small number of events).
Further studies should specifically test for amore diverse range
of adverse GI risk associated with sodium polystyrene sulfo-
nate exposure to add clarity to the issue.

Overcoming many of the limitations of the existing stud-
ies, we discovered a remarkably consistent higher risk of so-
dium polystyrene sulfonate use associated with adverse GI
events. We used a broad definition of Gl injury that would cap-
ture the spectrum of previously reported sodium polysty-
rene sulfonate-related injury.®'? Our findings remained con-
sistent through multiple sensitivity analyses, which included
matching patients according to baseline eGFR and serum po-
tassium level and limiting our analysis to those without hos-
pitalization or emergency department visits in the preceding
30 days. Our use of the HDPS matching technique theoreti-
cally reduced measured and unmeasured residual confound-
ing. This tacticis supported by the lack of any association being
detected between sodium polystyrene sulfonate exposure and
an unrelated negative control outcome. Because this re-
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search was a population-level study, we were able to capture
all relevant, outpatient sodium polystyrene sulfonate pre-
scriptions and outcomes in our region, thus allowing for a more
accurate estimate of the true incidence of adverse events.

We examined multiple, relevant subgroups suspected of
having a heightened risk of sodium polystyrene sulfonate-
associated GIinjury. There was no significant difference in the
increased risk of adverse GI events in groups of patients with
comorbidities (diabetes, congestive heart failure, or prior AKI),
reduced kidney function, history of hyperkalemia, or medi-
cation use (renin-angiotensin-aldosterone system blockade).
Furthermore, the risk remained consistent before and after
2009, the year when the FDA issued a warning regarding con-
current administration of sodium polystyrene sulfonate and
sorbitol, suggesting that sorbitol alone is not driving the risk
of Gl injury.” Our inability to detect risk differences across sub-
groups may reflect that there is a consistent risk associated with
sodium polystyrene sulfonate use or, alternatively, that risk is
due to sample size limitations of the subgroups.

Because sodium polystyrene sulfonate is commonly used
for the treatment of hyperkalemia, our study has important
clinical implications. The heightened risk warrants careful con-
sideration before sodium polystyrene sulfonate prescription,
especially when alternative treatment options exist, such as
nonpotassium-sparing diuretics or other GI-based cation
binders.* Because we were unable to identify specific sub-
groups at higher risk, all individuals being considered for so-
dium polystyrene sulfonate administration should be as-
sumed to be at risk and be informed of the potential risks and
treatment alternatives.

Limitations

Our study has some important limitations. First, we did not
have information on the dose or route of sodium polystyrene
sulfonate administration in our cohort. As such, we could not
test for a dose-response association. In previous studies,>>?
it has been suggested that there is a dose-dependent link with
intestinal injury and necrosis, with low-dose sodium polysty-
rene sulfonate being less likely to cause GI injury. Some re-
ports suggest that rectal, as opposed to oral, administration of
sodium polystyrene sulfonate is primarily associated with ad-
verse Gl events.! Second, sodium polystyrene sulfonate expo-
sure was defined at the time of dispensing and may not re-
flect its actual use or length of treatment. Third, despite our
large data set, there remained a limited number of events in
certain subgroups. Fourth, we were unable to determine if sor-
bitol was concurrently administered with sodium polysty-
rene sulfonate, but we anticipate its use to be limited, espe-
cially after 2009. Fifth, our study outcomes were not validated,
and there is a possibility for misclassification. Sixth, despite
our use of sophisticated matching in cohorts with and with-
out laboratory values, patients who received sodium polysty-
rene sulfonate had a higher proportion of potassium levels ex-
ceeding 6 mEq/L. Seventh, we lacked any pathological data that
could suggest a causal association between sodium polysty-
rene sulfonate use and adverse GI events. However, the pres-
ence or absence of sodium polystyrene sulfonate crystals and
their pathophysiological role in GI injury remain unclear.
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Conclusions

Sodium polystyrene sulfonate is a widely used, generically
available, cation-exchange resin used to treat an increasingly
common condition of hyperkalemia. Our large, population-
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