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Colonic mucosal injury is rare, but may severely fatal, complications following the administration of calcium polystyrene 
sulfonate resins. The incidence rate is about 0.57%, administered without sorbitol, and increases to 1.8% when it is con-
comitant with sorbitol, especially in postoperative patients. In this case report, we demonstrated the case of a 77-year-old 
female with stage 3b chronic kidney disease presented with in-hospital hematochezia after 3 weeks of calcium polystyrene 
sulfonate administration. The colonoscopic findings showed several serpiginous ulcers with some oozing at descending 
and sigmoid colon. The histological findings revealed some focal inflammation and ulcerations with crystal-like materi-
als, compatible with cation exchange resins. The recent in vitro study, explaining the pathogenesis of cation exchange 
resin-associated colonic mucosal injury, was also reviewed. 
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INTRODUCTION

Hyperkalemia, defined as an abnormally high serum potassium 
level of more than 5.5 mEq/L, is one of the most common electro-
lyte disorders. The annual prevalence of hyperkalemia in the over-
all population of the United States is 1.57%, with higher rates ob-
served in chronic kidney disease (CKD), heart failure, and dia-
betic patients. Among patients with CKD and/or heart failure, the 
prevalence is 6.35% [1]. Hyperkalemia can result in many conse-
quences, including myopathy, peripheral neuropathy, and even 
fatal cardiac arrhythmia. In a meta-analysis, the adjusted hazard 
ratio for all-cause mortality in CKD with hyperkalemia is 1.22 [2]. 
Cation exchange resins (CERs), such as sodium polystyrene sul-
fonate (SPS) and calcium polystyrene sulfonate (CPS), have been 

used for treating this condition since 1958. Unlike SPS, CPS binds 
to potassium ions in the gastrointestinal tract, especially colon, 
and exchanges for calcium ions which is safely used in sodium-
restricted patients. 

CERs have been associated with various gastrointestinal side ef-
fects such as nausea/vomiting, bowel obstruction, and diarrhea. 
SPS dissolved in water could result in bezoars formation leading 
to bowel obstruction. This drug was later administered in sorbi-
tol, which had been associated with severe osmotic injury result-
ing in colonic necrosis. This association was first reported by Ar-
vanitakis et al. [3] in 1973. In 1987, Lillemoe et al. [4] presented 5 
kidney transplant cases suffering from colonic necrosis after re-
ceiving an enema of SPS in a 70% sorbitol solution. CERs can also 
injure the stomach and small bowel mucosae [5, 6].

Since the 2000s, CPS-induced colonic necrosis was more recog-
nized. There were about 6 case reports and 1 retrospective analy-
sis [6-12]. Herein, we presented a case report of a 77-year-old fe-
male with CPS associated in-hospital lower gastrointestinal bleed-
ing and also reviewed the relevant literature, including the recent 
purposed pathogenesis of this complication.

CASE REPORT

A 77-year-old woman with type 2 diabetes mellitus and stage 3b 
CKD was admitted to the hospital because of exertional dyspnea 
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with hypoxia. She had been admitted to another hospital with in-
fective diarrhea complicated with acute kidney injury and hyper-
kalemia 3 weeks before. Four doses of 30 g of CPS without dex-
trose were given orally. She was discharged after receiving ade-
quate hydration and proper antibiotic treatment. On physical ex-
amination, she was afebrile with tachypnea. A contrast-enhanced 
chest computed tomography demonstrated several filling defects 
of the interlobar pulmonary artery of the right middle lung and 
lower lung. There was also ground-glass opacity in the right mid-
dle lung. She was diagnosed with acute pulmonary thromboem-
bolism and lung infarction. Enoxaparin was given subcutane-
ously. 

On the second day, she developed hematochezia. Her hemoglo-

bin level had decreased from 8.9 to 6.3 g/dL. The physical exami-
nation was unremarkable except for pale conjunctivae. The colo-
noscopic findings showed several serpiginous ulcers with nodu-
larity and irregularity of mucosa at descending and sigmoid colon 
(Fig. 1). There were oozing spots at some ulcers at the descending 
colon (Fig. 2). The differential diagnoses were ischemic colitis, cy-
tomegalovirus (CMV) colitis, inflammatory bowel disease, and 
lymphoma. Random biopsies for histologic diagnosis were per-
formed.

The pathologic report revealed focal ulcerations with granula-
tion tissue and crystal-like materials, dense infiltrations of lym-
phocytes, plasma cells, and neutrophils in the lamina propria. 
There was neither cryptitis nor crypt distortion. No granuloma, 

Fig. 1. Several serpiginous ulcers with nodularity and irregularity of 
mucosa at descending and sigmoid colon.

Fig. 2. The oozing spots at some ulcers at the descending colon.

Fig. 3. The H&E staining (×100) revealed focal ulcerations with 
granulation tissue and violet crystal-like materials (arrowheads). 

Fig. 4. The periodic acid-Schiff staining (×100) showed a dark-red 
resin crystal (arrowhead). 
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malignancy, or viral cytopathic effect was observed. The acid-fast 
bacillus and CMV staining were negative. The crystal-like materi-
als were violet on hematoxylin and eosin (H&E) staining (Fig. 3) 
and dark red on periodic acid-Schiff (PAS) staining (Fig. 4). These 
materials were compatible with CER crystals. The CPS-associated 
colonic mucosal injury was diagnosed. She was uneventfully dis-
charged after conservative treatment. This report was approved 
from the Institutinal Review Board of Naresuan University (No. 
P3-0081/2564). Written informed consent was obtained for pub-
lication of this case report and accompanying images. 

DISCUSSION

Hyperkalemia is one of the most common electrolyte disorders. 
The management of hyperkalemia can be achieved through the 
implementation of various interventions, such as rapid redistribu-
tion of potassium into the cell and removal of potassium through 
the kidneys, the gastrointestinal tract, or by performing dialysis. 
Nonabsorbable CERs are able to interfere with potassium absorp-
tion at the colon and exchange with sodium or calcium. Unfortu-
nately, these types of medications are associated with many ad-
verse events which are diarrhea, bowel obstruction, and gastroin-
testinal mucosal damage.

Arvanitakis et al. [3] first reported 3 cases of ischemic colitis, ag-
gravated by SPS crystals, in 1973. The experimental study of Lille-
moe et al. [4] in 1987 was the most impressive. In rats, sorbitol 
alone and SPS in sorbitol enemas promoted colonic necrosis. At 
that time, it was believed that sorbitol alone could cause osmotic 
injury to the colonic mucosa due to the dysfunction of ATP-de-

pendent Na+-K+ pumps. The prevalence of the necrosis occurred 
in approximately 1% of patients treated with SPS and sorbitol and 
may be up to 1.8% in postoperative patients [13]. In September 
2009, the high frequency of severe adverse event reports led the 
United States Food and Drug Administration to remove recom-
mendations for concomitant administration of these resins in sor-
bitol. 

CPS is available worldwide, except in the United States. Since 
the 2000s, CPS-induced colonic necrosis was more recognized. 
There were about 6 case reports [6-11]. Clinicopathological find-
ings of CPS-associated colonic injury are summarized in Table 1. 
CPS, with or without sorbitol, associated injury commonly oc-
curred in the sigmoid colon and cecum. It could present in either 
an acute (as early as 2 days after exposure) or chronic setting. The 
dosages of calcium polystyrene sulfonate were varied from 15 to 
155 g in both oral administration and rectal enema. The patho-
logic findings could be as mild as diffuse colitis or as severe as co-
lonic perforation. The majority of the cases had 1 or more cardio-
vascular risks, such as coronary heart disease, type 2 diabetes 
mellitus, and CKD, which could be precipitating factors for gas-
trointestinal mucosal damage. In our patient, the descending and 
sigmoid ulcerations occurred 3 weeks after 4 doses of 30 g of CPS 
given orally. Similar to aforementioned report, a recent retrospec-
tive analysis of 61 end-stage renal disease (ESRD) patients with 
intestinal perforation showed the incidence of CER, without sor-
bitol, related intestinal necrosis was estimated at 0.57%. The com-
mon perforation site was in the sigmoid colon (82.6%). The aver-
age dosage and administration period of CER were 17.4± 8.3 g/
day (5–30 g/day) and 40.5± 50.3 months (0.5–188 months), re-

Table 1. Summary of clinical details and histological features

Study Year Age (yr) Sex Clinical detail Dosage of CPS
Time  

interval
Endoscopic 

finding
Site

Histopathologic 
finding

Associated 
condition

Shioya et al. 
[7]

2007 77 Female Abdominal  
pain/vomiting 

15 g with sorbitol 
orally

9 days Dirty-white 
coated erosion

Sigmoid colon Diffuse and exten-
sive inflammation 

T2DM, CAD

Joo et al. [8] 2009 34 Male Profuse  
hematochezia

155 g without  
sorbitol orally/60 g 
with 20% DW  
enema

2 days Active ulceration 
with mucosal 
necrosis and 
hemorrhage

Sigmoid colon/
rectum

Necroinflammation 
or ulceration

ESRD, HTN

Goutorbe  
et al. [9]

2011 74 Female Jejunal  
perforation 
(death)

60 g without sorbitol 
orally

6 days NA Jejunum/cecum Transmural abscess 
with inflammation 
and ulceration 

COPD

Akagun et al. 
[10]

2011 78 Female Sigmoid  
perforation

Orally without sorbitol 
(chronic use)

NA NA Sigmoid colon Deep ulcer with 
necroinflammation

CKD, HTN

Castillo-Cejas 
et al. [11]

2013 73 Male Hematochezia Orally without sorbitol 
(chronic use)

NA Ischemic lesions Cecum/ascend-
ing colon

Mucosal necrosis ESRD, CAD

Kao et al. [6] 2015 59 Female Sigmoid  
perforation

60 g without sorbitol 
orally

2 days NA Sigmoid colon Mucosal necrosis 
with perforation

T2DM, ESRD, 
CAD 

Current case 2020 77 Female Hematochezia 120 g without  
sorbitol orally

3 wk Ulcerations with 
hemorrhage 

Descending/
sigmoid colon

Ulceration and  
inflammation

T2DM, CKD, 
HTN

CPS, calcium polystyrene sulfonate; T2DM, type 2 diabetes mellitus; CAD, coronary artery disease; DW, distilled water; ESRD, end-stage renal disease; HTN, hypertension; 
NA, not available; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease. 
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spectively [13]. The latest in vitro study explained the pathogene-
sis of CERs associated mucosal necrosis by diminishing the meta-
bolic activity, forming a neutrophil and monocyte extracellular 
trap leading to cell death, and causing barrier dysfunction of in-
testinal epithelial cells. The crystals may further contribute to the 
auto-amplification of a preexisting barrier dysfunction and necro-
inflammation [14]. 

Gastrointestinal complications in the patients who had multiple 
problems, especially CKD/ESRD, were not uncommon. Ischemic 
colitis and opportunistic infections are the main differential diag-
noses other than CER-associated colitis. Endoscopic findings might 
not be sufficient to differentiate these conditions; pathologic find-
ings played a critical role in the diagnosis. The observation of an-
gulated crystals with a characteristic crystalline mosaic pattern is 
essential to diagnosis. CERs, both SPS and CPS, were basophilic 
or violet on H&E staining and deep red on PAS staining.

The CERs are rarely associated with colonic mucosal injury. Cli-
nicians should be concerned about this condition in their patients, 
especially in CKD, with a history of administration of these drugs. 
The variety in dosage and duration could contribute to various 
clinical complications. However, 1 retrospective observational 
study demonstrated a low dose of 15 g of SPS (about 2-week du-
ration) was well-tolerated and could effectively normalize the ele-
vated serum potassium [15]. 
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