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Abstract

Background: Ischemic colitis is an adverse event which may occur 
during bowel preparation for colonoscopy. This study aims to clarify 
both the incidence and the risk factors of this complication.

Methods: This was a single-center, retrospective, observational 
study. All outpatients who were prescribed standardized preparation 
drugs for colonoscopy at the Kyoto Second Red Cross Hospital be-
tween November 2011 and March 2020 were included in the study. A 
split bowel preparation was carried out as follows; magnesium citrate 
with or without sodium picosulfate hydrate was/were used as a prepa-
ration drug on the day before the colonoscopy, and polyethylene gly-
col electrolyte solution or sodium phosphate was used on the morning 
of the endoscopic procedure. Patients were extracted from the elec-
tronic medical records and matched with the endoscopy database by 
examination date and hospital identification number. Following the 
endoscopic findings, both the incidence and risk factors for ischemic 
colitis arising after bowel preparation were examined.

Results: Among the 14,924 patients analyzed, ischemic colitis was 
observed in 14 patients (0.09%). Multivariate analysis revealed that 
old age (≥ 75 years old) and strong preparation (magnesium citrate 
with sodium picosulfate and polyethylene glycol electrolyte solution) 
for constipated patients were independent risk factors for ischemic 
colitis (odds ratio: 3.64 (95% confidence interval (CI): 1.36 - 9.77) 
and 4.27 (95% CI: 1.45 - 12.53), respectively).

Conclusions: The age 75 years and above and strong preparation for 
patients with constipation were independent risk factors for ischemic 
colitis prior to colonoscopy. Careful attention should be paid to bowel 
preparation before colonoscopy for patients aged ≥ 75 years and for 
those with constipation.
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Introduction

Colorectal cancer is the second leading cause of cancer-related 
deaths in Japan [1]. It has been reported that colonoscopic in-
tervention, including polypectomy of adenomatous lesions, 
can prevent death from colorectal cancer [2-6]. However, sev-
eral lesions are missed during colonoscopy, and the adenoma 
detection rate (ADR) is a good quality indicator of colonosco-
py [7, 8]. Patients who undergo colonoscopy by an endoscopist 
with a high ADR have a lower risk of subsequent colorectal 
cancer [7, 8].

Adequate bowel preparation is essential in reducing 
missed lesions [9, 10]. Low-quality preparation results in a 5% 
reduction in ADR compared to high- or intermediate-quality 
preparation [11].

Ideally, bowel preparation should be safe, convenient, tol-
erable, and inexpensive [9]. Polyethylene glycol electrolyte 
solution (PEG-ELS) is widely used as a bowel preparation 
agent. In the USA, 4 L of PEG-ELS is generally administered 
[12], but a laxative can be used before administering PEG-ELS 
to reduce the total volume of lavage solution [9]. Sharma et al 
reported that administration of magnesium citrate before low-
volume (2 L) PEG-ELS improved patient tolerance and dem-
onstrated non-inferior efficacy of bowel cleansing compared 
to 4 L of PEG-ELS [13]. For over 20 years, our institution has 
adopted a preparation regimen comprising magnesium citrate 
with or without sodium picosulfate administered the day be-
fore the colonoscopy and 2 L of PEG-ELS administered on the 
morning of the colonoscopy.

Unfortunately, several adverse events of bowel prepara-
tion have been reported. According to a nationwide survey con-
ducted in Japan from 2008 to 2012, out of 3,815,118 colonos-
copy cases, adverse events of bowel preparation were reported 
in 105 cases (0.003%) [14]. Ischemic colitis is recognized as 
an adverse event of bowel preparation [15-18]. Ischemic coli-
tis occurs when blood flow to the colon is reduced to a level 
that is insufficient to maintain the metabolic functions of the 
cells [19]. Most cases of ischemic colitis are transiently cured, 
but some cases become severe and leave non-reversible se-
quelae, including strictures and chronic segmental colitis [20]. 
Ischemic colitis is common in the elderly and has been on the 
rise in recent years [21]. Various drugs, including laxatives, 
have been reported to cause ischemic colitis [22]. One large 
observational study in USA reported a 0.02% (62/287,323) 
incidence of ischemic colitis due to colonoscopy preparation 
[23]; however, the risk factors and incidence of preparation-in-

Manuscript submitted August 28, 2021, accepted September 23, 2021
Published online October 14, 2021

aDepartment of Gastroenterology, Kyoto Second Red Cross Hospital, Kyoto, 
Japan
bDepartment of Biostatistics, Hokkaido University, Sapporo, Japan
cCorresponding Author: Takuji Kawamura, Department of Gastroenterology, 
Kyoto Second Red Cross Hospital, 355-5 Haruobi-cho, Kamigyo-ku, Kyoto 
602-8026, Japan. Email: kawamurat@kyoto2.jrc.or.jp

doi: https://doi.org/10.14740/gr1461

https://crossmark.crossref.org/dialog/?doi=10.14740/gr1461&domain=pdf&date_stamp=2021-10-13
https://orcid.org/0000-0002-1155-3116


Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 297

Kawamura et al  Gastroenterol Res. 2021;14(5):296-303

duced ischemic colitis have not been thoroughly investigated.
The aim of this study was to investigate the incidence of 

ischemic colitis and the risk factors for ischemic colitis associ-
ated with bowel preparations.

Materials and Methods

Study design

This was a single-center, retrospective, observational study. 
All outpatients who were prescribed standardized drugs for 
colonoscopy preparation at our hospital between November 
2011 and March 2020 were included in the study. The inci-
dence and risk factors for ischemic colitis after administration 
of the preparation drugs were examined. The exclusion crite-
ria were as follows: patients with unclear relationship between 
the prescription date of the preparation drugs and the colon-
oscopy date, patients with colonoscopy cancellation, patients 
with bloody stool as an indication for colonoscopy, patients 
younger than 40 years old, and patients with stoma.

This study was approved by the Institutional Review 
Board of the Kyoto Second Red Cross Hospital (Sp2020-14). 
Informed consent about colonoscopy was obtained from all 
patients before the procedure.

Bowel preparation

Two patterns of standardized colonoscopy preparation drugs 
were used at our facility. In patients without constipation, mag-
nesium citrate (Magcorol® P, Horii Pharmaceutical Ind., Ltd., 
Osaka, Japan) and PEG-ELS (Muben® liquid state, Nihon 
Pharmaceutical Co., Tokyo, Japan) were administered. Patients 
were instructed to dissolve Magcorol® P 50 g in water to a total 
volume of 180 mL and take it the night before colonoscopy 
and take 2 L of PEG-ELS in the morning before colonoscopy 
(“normal” method). For constipated patients, in addition to the 
above medications, sodium picosulfate hydrate (Laxoberon® 
solution 0.75% 10 mL, Teijin Pharma, Ltd., Tokyo, Japan) was 
added the night before colonoscopy (“strong” method). In case 
of difficulty ingesting 2 L of PEG-ELS, 50 sodium phosphate 
(NaP) tablets (Visiclear® combination tablet, ZERIA Pharma-
ceutical Co., Ltd., Tokyo, Japan) were used instead of PEG-
ELS only for patients aged below 65 years old who did not 
have hypertension. No dietary restrictions were indicated on 
the day before the colonoscopy. In Japan, there are many facili-
ties where nurses check the defecation status after preparation 
drug administration; and if there are still brown stools, enemas 
are additionally administered [24]. In our hospital, nurses in the 
endoscopy center presented the patients with example pictures 
of stool condition after preparation and asked whether their 
feces were clear. A saline (2% NaCl) enema (500 mL) was ad-
ministered if preparation was inadequate.

Gastroenterologists interviewed the patient when prescrib-
ing preparation medication. In patients diagnosed with consti-
pation, a “strong” preparation method was recommended. For 
patients with regular use of laxatives, we also recommended 

the “strong” method. In cases with concerns about large bowel 
obstruction, no preparation medication was prescribed, and 
colonoscopy was performed with enema only.

Study endpoints

The primary endpoint was the development of ischemic coli-
tis. The secondary endpoints were the quality of preparation 
evaluated using the Aronchick scale [24] and the proportion 
of patients who required saline enema because of inadequate 
preparation.

Usually, ischemic colitis is diagnosed by a combination of 
onset form, endoscopic findings, biopsy findings, and culture 
findings [19]. In this study, ischemic colitis was defined as: 1) 
abdominal pain after taking preparation drugs and endoscop-
ic findings suggestive of early-onset ischemic colitis; and 2) 
suspicious endoscopic findings of early-onset ischemic colitis 
and pathologically diagnosed as ischemic colitis by biopsy. 
The endoscopic findings of ischemic colitis were: segmental 
edematous and fragile mucosa, scattered erosion, and/or longi-
tudinal ulcerations (Fig. 1) [25].

We categorized disease severity as mild, moderate, or se-
vere according to the guidelines of the American College of 
Gastroenterology [19]. Patients with mild disease lack the fol-
lowing risk factors for poor prognosis seen in moderate and 
severe disease: male sex, hypotension (systolic blood pressure 
< 90 mm Hg), tachycardia (heart rate > 100 beats/min), ab-
dominal pain without rectal bleeding, blood urea nitrogen > 
20 mg/dL, hemoglobin (Hb) < 12 g/dL, lactate dehydrogenase 
(LDH) > 350 U/L, serum sodium < 136 mEq/L (mmol/L), and 
white blood cell count > 15 × 109/L). Moderate disease was 
defined by up to three of the aforementioned factors. Severe 
disease was defined by more than three of the previously listed 
criteria or by any of the following: peritoneal signs, pneuma-
tosis or portal venous gas on radiologic imaging, gangrene on 
colonoscopy, pancolonic distribution, or isolated right-colon 
ischemia on imaging or colonoscopy.

Data collection

All outpatients with a prescription history of colonoscopy prepa-
ration drugs were extracted from the electronic medical records 
and matched with the endoscopy database by examination date 
and hospital identification number. The database was searched 
using “ischemia” as a keyword, and cases endoscopically diag-
nosed with ischemic colitis were reviewed by two gastrointesti-
nal endoscopists (TK and NS); cases judged as ischemic colitis 
associated with preparation drugs were extracted. The electronic 
medical record system used was MegaOakHR (NEC Corpora-
tion, Tokyo, Japan), and the endoscopic database system used 
was Solemio QUEV (Olympus Corporation, Tokyo, Japan).

Efforts to address potential sources of bias

To avoid confusion with patients who had ischemic colitis 
before taking preparation drugs, we excluded patients with 
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bloody stool as an indication for colonoscopy. To reduce bias 
in the parameter estimates led to rare events, we performed 
logistic regression with Firth’s penalized likelihood method 
described in the next section.

Statistics

In recent years, the age of 75 years or older has been defined 
as elderly in Japan [26]; therefore, the age of the patients was 
categorized into < 75 years and ≥ 75 years. The risk of devel-
oping ischemic colitis was estimated by multivariate analysis 
using logistic regression analysis with Firth’s penalized likeli-
hood method with age, gender, and type of preparation (“nor-
mal” or “strong”) as adjustment factors. Regarding secondary 
endpoints, proportions of poor/inadequate preparation in the 
Aronchick scale and that of additional saline enema were com-
pared between “normal” and “strong” preparation groups us-
ing the Chi-square test. SAS statistical software V.9.4 (SAS 
Institute) was used for all statistical analyses. The sample size 
was determined based on the number of cases enrolled in our 

hospital during the study period.

Results

During the study period, 20,939 outpatients were prescribed 
standardized preparation drugs for colonoscopy. Excluding pa-
tients who met the exclusion criteria, 14,924 patients were ana-
lyzed (Fig. 2). Among the patients analyzed, 21.2% were aged 
≥ 75 years (Table 1). Regarding the preparation method, 92.0% 
of the patients (13,727/14,924) were treated with the “normal” 
method and 8.0% (1,197/14,924) with the “strong” method. The 
NaP regimen was used in less than 1% of cases. The most com-
mon indication of colonoscopy was surveillance, followed by a 
positive fecal occult blood test and screening. The number of pa-
tients who underwent therapeutic colonoscopy as an indication 
for colonoscopy was small because hospitalized patients were 
not included in this study. Missing data in the item of indica-
tion were classified in the category of “unknown.” There were 
no missing data for age, sex, or type of preparation medication.

Overall, ischemic colitis was observed in 14 patients 

Figure 1. Endoscopic findings of ischemic colitis after taking bowel preparation drugs. (a) Segmental edematous and fragile 
mucosa. (b) Longitudinal ulcerations.

Figure 2. Study flow.
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(0.09%). The incidence of ischemic colitis by age was 0.06% 
(1/1,700) for patients aged 40 - 49 years, 0.04% (1/2,775) for 
patients aged 50 - 59 years, 0.06% (3/4,678) for patients aged 
60 - 69 years, 0.09% (4/4,686) for patients aged 70 - 79 years, 
and 0.46% (5/1,085) for patients aged 80 years and over. The 
incidence of ischemic colitis by preparation drugs was 0.07% 
(10/13727) for “normal” method and 0.33% (4/1197) for 
“strong” method.

According to the results obtained from the multivari-
ate analysis, old age (≥ 75 years old) and “strong” method of 
preparation were independent risk factors for ischemic colitis 
due to bowel preparation (odds ratio = 3.64, 95% confidence 
interval (CI): 1.36 - 9.77; and odds ratio = 4.27, 95% CI: 1.45 
- 12.53, respectively; Table 2).

Of the 14 cases of ischemic colitis, details of symptoms be-
fore and after the onset of the disease were confirmed by elec-
tronic medical records in 11 cases (Table 3). Of these, seven 
patients had strong abdominal pain, and all of them developed 
this symptom after taking preparation drugs the night before 

colonoscopy until the morning of the colonoscopy. It was dif-
ficult to strictly classify the severity of the disease because blood 
tests were not performed at the time of colonoscopy in many 
cases, but all cases were considered to be mild or moderate. All 
patients were treated with only observation and supportive care, 
and their symptoms improved transiently. None of the patients 
required hospitalization, and there were no cases with sequelae.

As for secondary endpoints, the proportion of poor/inade-
quate preparation was significantly higher in the “strong” prepa-
ration group than in the “normal” group (Table 4; P < 0.001). The 
proportion of patients that required additional saline enema was 
also significantly higher in the “strong” preparation group (P < 
0.001).

Discussion

In this study, the incidence of ischemic colitis due to colonos-
copy preparation was 0.09%. Through multivariate analysis, 

Table 1.  Patient Characteristics

Preparation method Overall (n = 14,924) “Normal”a (n = 13,727) “Strong”b (n = 1,197)
Age, n (%)
  40 - 49 y.o. 1,700 (11.4) 1,580 (11.5) 120 (10.0)
  50 - 59 y.o. 2,775 (18.6) 2,566 (18.7) 209 (17.5)
  60 - 69 y.o. 4,678 (31.3) 4,352 (31.7) 326 (27.2)
  70 - 79 y.o. 4,686 (31.4) 4,269 (31.1) 417 (34.8)
  ≥ 80 y.o. 1,085 (7.3) 960 (7.0) 125 (10.4)
Old age or not, n (%)
  < 74 y.o. 11,765 (78.8) 10,895 (79.4) 870 (72.7)
  ≥ 75 y.o. 3,159 (21.2) 2,832 (20.6) 327 (27.3)
Sex, n (%)
  Female 6,585 (44.1) 5,920 (43.1) 665 (55.6)
  Male 8,339 (55.9) 7,807 (56.9) 532 (44.4)
Bowel preparation drugs in the morning of colonoscopy, n (%)
  PEG-ELS 14,803 (99.2) 13,629 (99.3) 1,174 (98.1)
  NaP 121 (0.8) 98 (0.7) 23 (1.9)
Indications of colonoscopy, n (%)
  Surveillance 5,451 (36.5) 5,014 (36.5) 437 (36.5)
  FIT positive 3,960 (26.5) 3,641 (26.5) 319 (26.6)
  Screening 2,447 (16.4) 2,279 (16.6) 168 (14.0)
  Mild abdominal symptom 1,354 (9.1) 1,190 (8.7) 164 (13.7)
  Detailed examination 296 (2.0) 279 (2.0) 17 (1.4)
  Polyp removal 86 (0.6) 82 (0.6) 4 (0.3)
  Positive tumor markers 49 (0.3) 46 (0.3) 3 (0.3)
  Anemia 25 (0.2) 22 (0.2) 3 (0.3)
  Unknown 1,256 (8.4) 1,174 (8.6) 82 (6.9)

a“Normal”: taking magnesium citrate the night before colonoscopy. b“Strong”: taking sodium picosulfate hydrate in addition to magnesium citrate the 
night before colonoscopy. y.o.: years old; PEG-ELS: polyethylene glycol electrolyte solution; NaP: sodium phosphate; FIT: fecal immunochemistry 
test.
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Table 2.  Risk of Ischemic Colitis Using Multiple Logistic Regression Analysis

Odds ratio (95% confidence interval) P value
“Normal”a method 1 (reference)
“Strong”b method 4.27 (1.45 - 12.53) 0.008
Male 1 (reference)
Female 1.67 (0.62 - 4.53) 0.31
< 75 years old 1 (reference)
≥ 75 years old 3.64 (1.36 - 9.77) 0.01

a“Normal”: taking magnesium citrate the night before colonoscopy. b“Strong”: taking sodium picosulfate hydrate in addition to magnesium citrate the 
night before colonoscopy.

Table 3.  Ischemic Colitis Cases After Bowel Preparation for Colonoscopy

No Age Sex Indication for colonoscopy Preparation method Strong ab-
dominal pain Site Severityc Other lesions

1 45 F FIT positive “Normal”a Yes D Mild Adenoma
2 57 F FIT positive “Normal”a Unknown D-S Mild Adenoma
3 64 M Surveillance “Normal”a No S Moderate Adenoma
4 65 M Surveillance “Normal”a No S Moderate No
5 67 F Surveillance “Strong”b Yes S Moderate Adenoma
6 71 F FIT positive “Normal”a Yes D Mild No
7 74 M Surveillance “Normal”a Yes D Moderate No
8 75 F Surveillance “Strong”b Unknown S Mild No
9 75 M FIT positive “Strong”b Yes D Moderate Diverticulum
10 80 F FIT positive “Normal”a Yes D-S Mild No
11 80 M FIT positive “Normal”a Unknown S Moderate Diverticulum
12 81 M Mild abdominal symptom “Normal”a No S Moderate Adenoma
13 82 F FIT positive “Strong”b Yes S Mild No
14 84 F FIT positive “Normal”a Unknown S Moderate Inflammatory polyp

a“Normal”: taking magnesium citrate the night before colonoscopy. b“Strong”: taking sodium picosulfate hydrate in addition to magnesium citrate 
the night before colonoscopy. cSeverity was determined using only the limited risk factors. M: male; F: female; FIT: fecal immunochemistry test; D: 
descending colon; S: sigmoid colon.

Table 4.  Secondary Endpoints

Preparation method “Normal”a (n = 13,727) “Strong”b (n = 1,197)
Degree of preparation (Aronchick scale), n (%)
  Excellent 6,672 (48.6) 482 (40.3)
  Good 1,884 (13.7) 210 (17.5)
  Fair 2,160 (15.7) 204 (17.0)
  Poor/inadequate 527 (3.8) 81 (6.8)
  Unknown 2,484 (18.1) 220 (18.4)
Additional saline enema, n (%)
  Yes 180 (1.8) 55 (4.6)
  No 8,749 (63.7) 839 (70.1)
  Unknown 4,798 (35.0) 303 (25.3)

a“Normal”: taking magnesium citrate the night before colonoscopy. b“Strong”: taking sodium picosulfate hydrate in addition to magnesium citrate the 
night before colonoscopy.
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we have demonstrated that the age 75 years and above and 
“strong” preparation for patients with constipation are inde-
pendent risk factors for ischemic colitis.

Oral sodium sulfate [16], bisacodyl [17, 18], magnesium 
citrate [15, 27, 28] and sodium phosphate [15] are prepara-
tion drugs for colonoscopy that have been reported as causes 
of ischemic colitis. Ischemic colitis caused by colonoscopy 
preparation is thought to be due to a relative decrease in in-
testinal blood flow associated with rapid fecal excretion. Al-
though only magnesium citrate, sodium picosulfate hydrate, 
PEG-ELS, and NaP tablets were the preparation drugs on in 
this study, ischemic colitis due to rapid fecal excretion may 
occur even when other preparation drugs are used. Therefore, 
we believe that the risk factors for ischemic colitis identified 
in this study can be generalized for other preparation drugs.

The incidence of ischemic colitis in this study was 0.09%, 
which was higher than that reported in previous studies: < 
0.003% in Japan [14] and 0.02% in the USA [19]. However, in 
this study, it was possible to identify milder cases of ischemic 
colitis due to integration with the endoscopic database, and 
this may explain the relatively higher incidence of ischemic 
colitis relative to previous studies.

Since old age is considered a predictor of poor bowel 
preparation [29, 30], more potent preparation drugs may be 
necessary for good preparation. In the “strong” preparation 
method group in this study, the proportions of patients with 
poor/inadequate preparation and those who required additional 
enema were higher than those in the “normal” method despite 
the use of potent preparation drugs. This suggests that even 
with powerful laxatives, constipated patients were not ade-
quately prepared. However, based on the results of the present 
study, rapid evacuation of stool in the elderly with constipation 
by powerful laxatives would be a risk factor for ischemic co-
litis, and gentle control of bowel movements for several days 
before colonoscopy may be useful. At our institution, since the 
preliminary results of this study were released, we have been 
administering laxatives for 5 days before colonoscopy in pa-
tients with constipation, especially the elderly.

In Japan, 12 deaths due to preparation prior to colonosco-
py were reported between October 2015 and April 2019 [31]. 
In our current study, there were only mild and moderate cases 
but no severe cases. Ischemic colitis can be fatal in severe cas-
es [19]. To prevent death due to colonoscopy preparation, great 
care is needed for elderly and constipated patients.

The present study had several limitations. First, this was a 
single-center, retrospective study, and the clinical course of sev-
eral cases was not properly documented in the medical records. 
In addition, there was a selection bias in which the “strong” 
method was chosen only in cases of constipation; thus, we could 
not distinguish whether constipation or the “strong” method was 
the risk factor for ischemic colitis. Second, only ischemic colitis 
confirmed by an endoscopic report was used as an outcome in 
this study. If the patient had severe ischemic colitis, a colonos-
copy might not have been performed. In addition, mild ischemic 
changes might not have been properly documented in the report. 
Therefore, the present study may have underestimated the inci-
dence of ischemic colitis. Third, the low frequency of ischemic 
colitis made it difficult to adjust for a large number of back-
ground factors in the multivariate analysis.

Despite the above limitations, the present study provides 
important information regarding the safety of colonoscopy 
preparation. The age 75 years and above and “strong” prepara-
tion for patients with constipation were independent risk fac-
tors for ischemic colitis prior to colonoscopy. The prescription 
of bowel preparation drugs for patients aged ≥ 75 years and 
for those with constipation should be performed with caution. 
Further multicenter investigation is needed to evaluate these 
results.
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