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Abstract The use of low-dose aspirin (LDA) is well

known to be associated with an increased risk of serious

upper gastrointestinal complications, such as peptic ulcer-

ation and bleeding. Until recently, attention was mainly

focused on aspirin-induced damage of the stomach and

duodenum. However, recently, there has been growing

interest among gastroenterologists on the adverse effects of

aspirin on the small bowel, especially as new endoscopic

techniques, such as capsule endoscopy (CE) and balloon-

assisted endoscopy, have become available for the evalu-

ation of small bowel lesions. Preliminary CE studies con-

ducted in healthy subjects have shown that short-term

administration of LDA can induce mild mucosal inflam-

mation of the small bowel. Furthermore, chronic use of

LDA results in a variety of lesions in the small bowel,

including multiple petechiae, loss of villi, erosions, and

round, irregular, or punched-out ulcers. Some patients

develop circumferential ulcers with stricture. In addition, to

reduce the incidence of gastrointestinal lesions in LDA

users, it is important for clinicians to confirm the differ-

ences in the gastrointestinal toxicity between different

types of aspirin formulations in clinical use. Some studies

suggest that enteric-coated aspirin may be more injurious

to the small bowel mucosa than buffered aspirin. The ideal

treatment for small bowel injury in patients taking LDA

would be withdrawal of aspirin, however, LDA is used as

an antiplatelet agent in the majority of patients, and its

withdrawal could increase the risk of cardiovascular/cere-

brovascular morbidity and mortality. Thus, novel means

for the treatment of aspirin-induced enteropathy are

urgently needed.

Keywords Low-dose aspirin � Capsule endoscopy �
Small bowel injury � Enteric-coated aspirin

Introduction

Low-dose aspirin (LDA) is among the most commonly

prescribed drugs worldwide. Low-dose aspirin is widely

used in clinical practice for primary and secondary pre-

vention of cardiovascular and thrombotic cerebrovascular

events [1–3]. However, use of LDA has also come to be

well-recognized to be associated with the risk of serious

upper gastrointestinal complications, such as peptic ulcer-

ation and bleeding [4, 5]. With the aging of our society, the

use of LDA has continued to increase, and the propensity

of aspirin, even at low doses, to cause gastrointestinal

injury has become a clinical problem that needs attention.

Until recently, most studies on aspirin-induced damage

focused on lesions in the stomach and duodenum, and the

potential of LDA to cause injury to the small bowel

remained under debate. One of the reasons was the diffi-

culty in assessing the small bowel, and aspirin-induced

enteropathy still remained to be characterized in detail.

Recent advances in diagnostic endoscopy such as capsule

endoscopy (CE) and double-balloon endoscopy [6, 7]

enable direct visualization of the small bowel and have

shed some light on the small bowel injury induced by

aspirin and other conventional nonsteroidal anti-
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inflammatory drugs (NSAIDs) [8–14]. Some case reports

and clinical studies have revealed that chronic use of LDA

has the potential to cause a variety of severe lesions in the

small bowel, including erosions, ulcerations, and circum-

ferential strictures [14–18]. In turn, these lesions can be

associated with complications such as acute bleeding,

obstruction, and occult gastrointestinal bleeding [14, 16].

The aim of this review is to discuss the current status of

small bowel injury in LDA users.

Is LDA really harmful to the small bowel in humans?

The pathogenesis of NSAID/aspirin-enteropathy is multi-

factorial and complex than formerly thought, but still

remains to be clearly understood [19]. In patients taking

NSAIDs, the small bowel mucosa is exposed multiple

times to the drugs: initially, the topical exposure before and

during absorption of the drug, then, exposure during sys-

temic distribution of the drug, and finally, for the case of

some drugs, but not aspirin, repetitive topical exposure

during its enterohepatic circulation. Such repetitive expo-

sure plays an important role in the pathogenesis of NSAID/

aspirin-induced enteropathy [20, 21]. NSAIDs have a direct

toxic effect on enterocytes, as described by the so-called

‘‘three hit hypothesis’’ [22]. First, NSAIDs solubilize the

lipid component of phospholipids on the mucosal surface,

causing direct damage to the epithelial cell mitochondria

[23]. Second, the mitochondrial damage depletes intercel-

lular energy, leading to calcium efflux and formation of

free radicals, and in turn, disruption of the intercellular

junctions occurs, with an increase in the mucosal perme-

ability in the small bowel mucosa. Third, the mucosal

barrier becomes weakened and overcome by the intralu-

minal contents (such as bile acids, luminal bacteria and

their degradation products, food macromolecules, and

other toxins), resulting in inflammation [21]. The second

important pathogenetic mechanism of NSAID-induced

enteropathy is the systemic effect associated with prosta-

glandin depletion. While the pathogenesis of enteropathy

was initially thought to be associated with cyclooxygenase

(COX)-1 inhibition only, it has been demonstrated in

experiments carried out in mice that COX-1 deficiency or

inhibition and COX-2 inhibition are not detrimental to the

small bowel integrity [24]. Dual inhibition of the COX

enzymes, in the absence of the topical effect, leads to the

characteristic small bowel damage seen with indomethacin

administration. In regard to aspirin, experimental studies

have shown that aspirin does not induce gastric mucosal

injury despite inhibiting prostaglandin biosynthesis [25].

Although aspirin use, including LDA use, has been

shown to increase the risk of gastroduodenal ulcers, it is

generally believed that aspirin is safe for the small bowel

beyond the duodenum. The topical effect of aspirin was

estimated to be mainly limited to the gastroduodenum due

to the rapid absorption of aspirin in the stomach and the

duodenum, and the lack of enterohepatic recirculation [26].

Experimental studies have shown that aspirin does not

induce damage of the small bowel. For the case of human

beings, a number of noninvasive tests have been developed

to evaluate the indirect parameters of mucosal damage such

as measurement of the intestinal permeability or surrogate

markers of inflammation in stools. Studies investigating

intestinal damage have been performed in a limited number

of aspirin users and shown little evidence of increased

intestinal permeability [27–30]. Increased intestinal

mucosal permeability has been observed in patients taking

high-dose aspirin [27, 31], however, data showing that

‘‘low-dose’’ aspirin induces intestinal damage are scarce

and controversial. Leung et al. [15] reported a case of

severe enteropathy induced by LDA, which changed our

perception based on intestinal permeability and fecal

inflammatory marker studies that aspirin does not cause

small bowel damage.

In a pilot CE study, we examined the incidence of small

bowel injury in healthy volunteers administered with low-

dose enteric-coated aspirin for 14 days [13]. Healthy sub-

jects (n = 10) were randomly assigned, by a cross-over

method including a washout period of at least 4 weeks, to

receive LDA (enteric-coated aspirin 100 mg/day) for

14 days (aspirin group) or no drug for 14 days (control

group). All subjects underwent CE at the end of each

administration period. Small bowel lesions were found at a

significantly higher incidence following administration of

aspirin for 2 weeks as compared to that in the group not

given any drug (80 vs. 20 %; p = 0.023); however, there

was no significant difference in the incidence of small

bowel mucosal breaks (30 vs. 0 %; p = 0.210). The main

conclusion from this crossover, but small-scale, study was

that short-term administration of LDA was associated with

only ‘mild’ mucosal inflammation of the small bowel. On

the other hand, Smecol et al. [32] carried out a multidi-

mensional assessment (permeability test, fecal calprotectin,

and CE) to evaluate whether short-term administration of

LDA can cause injury to the small bowel mucosa. They

reported increased fecal calprotectin levels after adminis-

tration of 100 mg of enteric-coated aspirin for 14 days in

20 healthy volunteers. Ten of the 20 healthy subjects

exhibited increased intestinal permeability over the cut-off

value (lactulose/mannitol ratio [0.025) after aspirin intake.

CE revealed ten patients (50 %) with mucosal damage that

had not been apparent in the baseline CE (six patients had

petechiae, three had erosions, and one had bleeding stig-

mata in two ulcers). In a preliminary study conducted by

Shiotani et al. [33], 12 of 20 healthy volunteers (60 %)

showed large erosions or ulcers after administration of
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100 mg of enteric-coated aspirin for only 1 week. Mura-

kami et al. [34] also performed CE in 11 healthy male

subjects who had been administered 100 mg of aspirin for

4 weeks. In their study, each subject underwent CE after

1 week and 4 weeks of treatment with LDA. The study

showed that the number of subjects with mucosal breaks in

the jejunum (defined as multiple erosions and/or ulcers)

was 1 at 1 week and 1 at 4 weeks, and that with mucosal

breaks in the ileum was 6 at 1 week and 7 at 4 weeks. Data

from these pilot studies suggest that short-term use of LDA

is associated with an increased incidence of small bowel

mucosal injury. The clinical significance of the small

bowel injury detected by CE following short-term admin-

istration of LDA is not yet clear. While in clinical practice,

LDA treatment is usually indicated for a long-term, the

results of these short-term studies do not automatically

indicate the potential long-term mucosal effects of LDA

treatment. The most recent studies carried out to evaluate

the small bowel injuries induced by chronic LDA use are

outlined below.

Characteristics of small bowel injury seen in chronic

LDA users

Chronic blood-loss anemia and occult bleeding is not a rare

complication of LDA, although gastroduodenal or colonic

mucosal injury is often absent in such cases [16, 35]. Some

patients on LDA develop serious bleeding with no identi-

fiable source, iron deficiency anemia, or even abdominal

symptoms. These data suggest that LDA can cause small

bowel mucosal injury.

The characteristics of small bowel injury seen in chronic

LDA users have been reported recently [14, 36–41]. Rep-

resentative endoscopic findings in patients taking LDA are

shown in Figs. 1 and 2. The reported prevalence of small

bowel injury in long-term LDA users is 88.5–100 % [14,

36, 41]. We found that among 22 chronic LDA users, the

most common lesions in the small bowel were erosions (14

patients 63.6 %) and ulcers (ten patients 45.5 %) [14]. In

this study, the enteropathy included multiple petechiae/red

spots, loss of villi, scars, mucosal erosions, and round,

irregular or punched-out ulcers. Two patients had circum-

ferential ulcers with stricture formation. In their study,

Watanabe et al. [36] reported mucosal breaks (erosions/

ulcers) in ten of 11 patients, but found no case of strictures.

In the study reported by Shiotani et al. [37], among 22

chronic LDA uses, small erosions were detected in 15

(68.2 %) cases and large erosions in seven (31.8 %). The

high prevalence of small bowel injury in these reports

could be related to the selection criteria of the subjects. In

two reports, only symptomatic patients who had developed

gastrointestinal bleeding and abdominal pain were inves-

tigated. In the other study, patients were restricted to

individuals who had developed gastric ulcers, and predis-

posing factors in the patient’s background including

genetic differences might increase the susceptibility of the

small bowel to aspirin-induced injury. Among 1,035

patients registered in the Japanese Study Group for Double-

Balloon Endoscopy (JSG-DBE) database, Matsumoto et al.

[17] demonstrated that aspirin was less harmful to the small

bowel mucosa than other NSAIDs; they identified mucosal

breaks in only six out of 20 patients (30 %) who were

taking aspirin. Aspirin-induced gastrointestinal toxicity is

seemingly dose-dependent [42], and LDA may be less

harmful to the small bowel mucosa than full-dose aspirin or

other NSAIDs. Further studies are needed to investigate the

prevalence of small bowel injury in chronic LDA users.

Previous reports discussing the characteristics of small

bowel injury in chronic LDA users mostly suggested that

ulcers are observed mainly in the distal part of the small

bowel [14, 38–40]. We showed using the Lewis scoring

system, which can quantify small bowel mucosal changes

associated with any inflammatory process [43], that the

Fig. 1 Capsule endoscopic

images of small bowel mucosal

lesions in patients taking low-

dose aspirin. a Small mucosal

break. b Circumferential

mucosa break
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mucosal injuries in chronic LDA users tended to be of

greater severity in the distal part of the small bowel [40].

However, other studies have failed to identify any such

trend in the anatomic distribution of the small bowel

mucosal breaks in LDA users [41, 44]. A possible reason

for this discrepancy among studies is that in relation to the

CE findings, some of these studies did not differentiate

mucosal breaks from other terms, such as erosions or

ulcers, in order to simplify the evaluation of aspirin-

induced small bowel mucosal injury. Another possible

reason is the interindividual differences among the patients

enrolled in the studies. Some studies [41, 44] included

asymptomatic patients with unexplained iron deficiency

anemia, while others [14, 39, 40] included symptomatic

patients, with symptoms such as gastrointestinal bleeding

and abdominal pain. These results may also be influenced

by the difference in the intestinal microbial flora between

the proximal and distal small bowel [45]. The luminal

bacterial load increases from the proximal to the distal

small bowel and these changes may play a role in the

pathogenesis of NSAID/aspirin-induced injury [46, 47].

However, the actual influence of enterobacteria on aspirin-

induced small bowel injury remains poorly understood and

further investigations are needed.

As stated above, CE has revealed numerous inflamma-

tory lesions and has shed some more light on the small

bowel injury induced by aspirin. Despite these investiga-

tions, the precise clinical significance of aspirin-associated

injury remains unclear. Almost all the patients taking LDA

show some degree of bowel injury, however, it has not

been investigated as to whether these lesions of the small

bowel can actually explain the iron deficiency anemia of

unknown cause in patients on LDA. In one study, we

demonstrated that in patients with small bowel mucosal

injury, the hemoglobin concentration improved signifi-

cantly in parallel with the small bowel mucosal lesions in

patients treated with probiotics [41], suggesting that these

mucosal injuries might induce microbleeding and actually

be the cause of the anemia of unknown cause. Further

studies are needed to elucidate the correlation between the

severity of the small bowel injury and changes in the blood

hemoglobin concentration in chronic LDA users.

Difference in the incidence of small bowel injury

between patients receiving buffered aspirin and those

receiving enteric-coated aspirin

In order to reduce the incidence of gastrointestinal injury in

LDA users, it is important for clinicians to confirm the

differences in the gastrointestinal toxicity between differ-

ent types of aspirin formulations in clinical use. To

potentially avoid gastric mucosal injury caused by the

topical irritant effect of aspirin, two types of formulations

(buffered aspirin and enteric-coated aspirin) have been

developed and are widely used. Buffered products contain

agents such as calcium carbonate, magnesium oxide, and

magnesium carbonate, which lower the hydrogen ion

concentration of the aspirin particles. The low hydrogen

ion concentration increases the gastric solubility of aspirin,

thereby decreasing the contact time between aspirin and the

gastric mucosa [48]. On the other hand, it has been pos-

tulated that enteric-coated formulations of aspirin, which

are designed to cancel disintegration in an acid environ-

ment and pass through the stomach without undergoing

dissolution, may also reduce the risk of gastric injury.

Several studies have reported that enteric-coated aspirin

causes less severe gastroduodenal injury than uncoated

aspirin [49–52]; however, the precise difference in the

severity of the small bowel toxicity between these two

types of formulations remains unknown.

Enteric-coated formulations show dissolution in the

small bowel, with the small bowel rather than the stomach

or duodenum being exposed to their potential toxicity. In

Fig. 2 Balloon-assisted

endoscopic images of small

bowel injuries in patients taking

low-dose aspirin. a Small bowel

erosion. b Circumferential ulcer
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all of the above-mentioned investigations carried out in

volunteers administered LDA, enteric-coated aspirin was

the formulation used. Small bowel injuries in these studies

have been assumed to be caused by the topical irritant

effect of aspirin. In view of this mechanism, it could be

explained why enteric-coated aspirin is more toxic for the

small bowel mucosa than other types of aspirin. Our study,

which included 16 enteric-coated aspirin users and six non-

coated aspirin users, demonstrated a higher frequency of

small bowel ulcers in patients taking enteric-coated aspirin

than in those taking non-coated aspirin (56.3 vs. 16.7 %)

[14]. In a subsequent study, we examined the difference in

the severity of the small bowel mucosal injury depending

on the type of aspirin formulation prescribed in chronic 70

LDA users with suspected small bowel bleeding [53]. Of

the 70 patients, 15 were prescribed buffered aspirin, and 55

were prescribed enteric-coated aspirin. The median dura-

tion of use of LDA in the patients was 72 months (range,

7–348) in the buffered aspirin group and 60 months (range,

4–411) in the enteric-coated aspirin group. The number of

patients with at least one ulcer was significantly higher in

the patients taking enteric-coated aspirin than in those

taking buffered aspirin (38.2 vs. 6.7 %; p = 0.026). The

number of small bowel ulcers was also significantly higher

in the patients taking enteric-coated aspirin than in those

taking buffered aspirin (p = 0.037). The Lewis scores

showed that the aspirin-induced mucosal injury was sig-

nificantly more severe in the enteric-coated aspirin group

than in the buffered aspirin group, especially in the distal

part of the small bowel. However, these results should be

interpreted with caution. The number of patients taking

buffered aspirin (n = 15) in these studies, including in our

study, was considerably smaller than the number of

patients taking enteric-coated aspirin (n = 55). Moreover,

the aspirin doses used were different between people taking

buffered aspirin and those taking enteric-coated aspirin.

Although aspirin-induced gastrointestinal toxicity is

seemingly dose-dependent [42], it remains unclear whether

81 mg of aspirin per day might be less injurious to the

small bowel mucosa than 100 mg of aspirin per day. Fur-

ther studies are required to elucidate these issues.

There has been growing interest among clinicians to

clarify the differences in the risk of LDA-associated small

bowel bleeding between different types of aspirin formu-

lations. Although it is important to know whether the type

of aspirin formulation might affects the risk of gastroin-

testinal bleeding, especially from the small bowel, there

have been no reports of small bowel bleeding associated

with the use of either enteric-coated or buffered aspirin.

Hirata et al. [54] reported that the percentage of patients

with clinically significant anemia suspected to have small

bowel blood loss tended to be higher among users of

enteric-coated aspirin (2 %) than among users of buffered

aspirin (0.3 %). Furthermore, they showed that use of

enteric-coated aspirin may be associated with an increased

incidence of anemia suspected to be caused by blood loss

from the small bowel. In their study, presumed small bowel

bleeding was a diagnosis made by exclusion rather than by

direct confirmation of the source of blood loss. Further

studies using small bowel endoscopic techniques, such as

CE and balloon-assisted endoscopy, would be desirable to

elucidate the influence of the type of aspirin on the risk of

small bowel bleeding in chronic LDA users.

Risk factors for small bowel mucosal breaks in chronic

LDA users

For the prevention of small bowel injury in patients

receiving LDA, it is important to identify the risk factors

for the development of such injury in these patients. In

regard to the upper gastrointestinal complications associ-

ated with aspirin use, it is well recognized that not all

patients receiving LDA are at an equivalent risk of devel-

oping these complications, and several factors such as

advanced age, history of peptic or bleeding ulcer, con-

comitant use of NSAIDs/other antiplatelet agents/antico-

agulants, presence/absence of severe co-morbidities, and

high-dose aspirin use, have been reported to influence the

risk [55]. Some key strategies have been proposed to

minimize the upper-gastrointestinal adverse effects of

LDA, such as reducing the influence of modifiable risk

factors, reducing the aspirin dose, and concomitant use of a

gastroprotective agent, preferably a proton pump inhibitor

(PPI). However, there are few data on the risk factors for

the development of small bowel injury among patients

receiving LDA.

Recently, we conducted the prospective CE study to

evaluate the risk factors for the development of small

bowel mucosal breaks (ulcers and/or erosions) in 198

chronic LDA users [56]. Of the 198 patients, 24 were

taking buffered aspirin, and the remaining 174 were taking

enteric-coated aspirin. In regard to concomitant use of acid

suppressants, 72 patients were taking PPIs [omeprazole

(n = 29), lansoprazole (n = 27), or rabeprazole (n = 16)]

and 35 were taking histamine-2-receptor antagonists

(H2RAs) [famotidine (n = 22), lafutidine (n = 10), or

nizatidine (n = 3)] for more than 1 month for primary or

secondary prevention of gastric or duodenal ulcers. The

daily doses of the PPIs were as follows: omeprazole 20 mg

(n = 23), 10 mg (n = 6); lansoprazole 30 mg (n = 4),

15 mg (n = 23); rabeprazole 20 mg (n = 1), 10 mg

(n = 15). The analysis identified PPI use (odds ratio 2.04,

95 % confidence interval 1.05–3.97) and use of enteric-

coated aspirin (odds ratio 4.05, 95 % confidence interval

1.49–11.0) as independent risk factors for the presence of
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mucosal breaks in LDA users. The small bowel injuries in

the patients taking PPIs did not show a dose–response

relationship. In the analysis using the Lewis scoring index,

use of PPI and use of enteric-coated aspirin were identified

as significant risk factors for the development of ‘‘mild’’

mucosal changes, with odds ratios of 5.81 and 3.28,

respectively. The analysis revealed that concomitant PPI

use was associated with a higher risk of small bowel

mucosal breaks in LDA users. In regard to conventional

NSAIDs, a recent cross-sectional CE study carried out in

over 100 rheumatoid arthritis patients who chronically used

NSAIDs users showed that old age, use of PPIs and use of

H2RAs were associated with an increased risk of severe

NSAID-induced small bowel damage, with odds ratios of

4.16, 5.22, and 3.95, respectively [57]. Although PPIs have

been demonstrated to reduce the incidence of gastroduo-

denal injury associated with the use of NSAIDs or aspirin

[58], their protective effect against small bowel injuries

remains controversial.

The pathogenesis of NSAID/aspirin-induced enteropa-

thy is likely to be multifactorial. Recent experimental

studies have demonstrated that enterobacteria play a crucial

role in the development of NSAID-induced small bowel

injury [59–61]. Gastric acid can suppress most bacteria,

and chronic acid suppression by PPIs could lead to small

bowel bacterial overgrowth [62–64]. Therefore, acid sup-

pression by intake of PPIs could exacerbate the small

bowel injury induced by NSAIDs or aspirin. Some recent

studies have suggested the possibility that acid suppression

may exacerbate NSAID/aspirin-induced small bowel

injury. Wallace et al. [65] demonstrated that PPIs exacer-

bated NSAID-induced small bowel injury by inducing

dysbiosis. Moreover, we demonstrated in a randomized

controlled CE study that co-administration of probiotics

alleviated the severity of the small bowel lesions in both

LDA and PPI users [41]. However, because experimental

studies have reported contradictory results on the rela-

tionship between small bowel injury and use of PPIs [66,

67], further studies are required to confirm this notion. This

interesting finding is in conflict with the known decrease in

the risk of aspirin-induced gastric ulcers and ulcer com-

plications associated with PPI use. It is necessary for cli-

nicians to recognize this dilemma of PPI therapy, and novel

means for treatment of aspirin-induced gastroenteropathy

are urgently needed.

Prevention and treatment of small bowel injury induced

by LDA

The ideal treatment for small bowel injury in patients

taking LDA would be withdrawal of aspirin, however,

LDA is used as an antiplatelet agent in the majority of

patients, and its withdrawal could increase the risk of

cardiovascular/cerebrovascular morbidity and mortality.

Thus, novel means for the treatment of small bowel injury

associated with LDA use are urgently needed.

To date, several investigations have been carried out to

identify means to prevent or treat aspirin-induced small

bowel injury (Table 1). In their study carried out in 11

patients who had been on low-dose enteric-coated aspirin

for more than 3 months for primary or secondary preven-

tion of cardiovascular disease and were found to have

gastric ulcers, Watanabe et al. [36] reported the efficacy of

misoprostol against the aspirin-induced enteropathy.

Misoprostol significantly decreased the number of red spots

and the number of mucosal breaks (erosions/ulcers), with

complete disappearance of the multiple mucosal breaks in

four of seven patients. However, misoprostol is often

poorly tolerated because of its side effects, such as diarrhea

and abdominal pain. Indeed, in this pilot study, three of the

11 patients who received misoprostol discontinued the drug

owing to the development of severe watery diarrhea.

Recently, we conducted a randomized controlled trial in

which we performed CE to examine the efficacy of pro-

biotic treatment on small bowel mucosal injury in chronic

LDA users [41]. Probiotics are living microorganisms that

are components of the natural flora, and are important for

the health and well-being of the host [68]. Probiotic bac-

teria have been demonstrated to have possible therapeutic

Table 1 Clinical trials using capsule endoscopy to evaluate the protective effect of treatments against low-dose aspirin-induced small bowel

injury

References n Study design Subjects Type Evaluated drug Period Evaluation

Watanabe et al.

[36]

11 Single-blind, single

arm

Patients Enteric-coated Misoprostol 8 weeks Effective

Shiotani et al. [33] 20 Double-blind Volunteers Enteric-coated Geranylgeranylacetone 7 days Not

effective

Endo et al. [41] 35 Single-blind Patients Enteric-coated Lactobacillus casei 3 months Effective

Mizukami et al.

[34]

11 Double-blind, cross-

over

Volunteers Enteric-coated Rebamipide 1 week and

4 weeks

Effective

Warari et al. [38] 20 Single-blind Patients Enteric-coated Polaprezinc 4 weeks Effective
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effects against intestinal inflammation [69, 70]. Patients

taking low-dose enteric-coated aspirin at the dose of

100 mg once daily (for more than 3 months) plus ome-

prazole at 20 mg once daily, who were found to have

unexplained iron deficiency anemia (decline in the blood

hemoglobin concentration to below 13 g/dl in men and

12 g/dl in women with iron deficiency) were eligible for

inclusion in the study and for the baseline CE. Thirty-five

patients participated in this trial and underwent a baseline

CE examination at study entry. Among the 35 patients, 29

were found to be eligible for inclusion in this analysis; of

these, 15 were randomly assigned to the Lactobacillus

casei (L. casei) group and 14 to the control group. Patients

in the L. casei group received viable L. casei at doses of

45 9 108–63 9 109 colony-forming units (CFU) daily for

3 months, while patients in the control group received no

probiotics. After the randomization, four patients, includ-

ing two from the L. casei group and two from the control

group, were excluded from our final analysis. Thus, post-

treatment CE for analysis of the changes in the small bowel

lesions was carried out in 13 patients of the L. casei group

and 12 patients of the control group. In the L. casei group,

the number of mucosal breaks had decreased significantly

from a median of 3 at the baseline CE to a median of 1 in

the post-treatment CE (p = 0.008). In the control group, no

significant difference in the median number of mucosal

breaks was observed between the baseline and post-treat-

ment CE. A decrease in the percentage of patients with at

least one mucosal break was observed in response to pro-

biotic treatment in the L. casei group (84.6 % (11/13) in the

baseline CE vs. 53.8 % (7/13) in the post-treatment CE),

however, the difference did not reach statistical signifi-

cance (p = 0.202). On the other hand, in the control group,

the percentage of patients with mucosal breaks increased

slightly during the study period; there was no significant

difference within the group between these time-points

(p [ 0.999). In this analysis, the change in the number of

mucosal breaks from the baseline CE to the post-treatment

CE was significantly greater in the L. casei group (-

5.3 ± 10.2) than that in the control group (0.8 ± 7.9)

(p = 0.039). No side effects or significant changes from

the baseline values of any of the laboratory parameters

examined were recorded in either group of patients. Recent

studies have supported the potential therapeutic role of

probiotics in small bowel inflammation induced by NSA-

IDs or aspirin. Watanabe et al. [60] reported that the

L. casei strain Shirota protected against indomethacin-

induced small bowel injury in rats, and that its probiotic

effects may be mediated by the anti-inflammatory effects

of lactic acid. More recently, Montalto et al. [71] showed

that treatment with a probiotic mixture (VSL#3) containing

L. casei significantly reduced the fecal calprotectin con-

centrations in healthy volunteers receiving indomethacin.

From these data, it would appear that probiotics have the

potential to prevent aspirin-induced small bowel injury.

Rebamipide has been used across Asia for the treatment

of gastric ulcers and gastric lesions such as erosions and

edema associated with acute gastritis [72–74]. It has been

well documented that rebamipide increases the endogenous

prostaglandin levels, scavenges free radicals, and sup-

presses inflammation in the gastric mucosa [75–77].

Through these actions, rebamipide has been also shown to

be useful in prevention aspirin-induced gastrointestinal

injuries. Mizukami et al. [34] reported that rebamipide had

a preventive effect against aspirin-induced small bowel

mucosal breaks in the ileum as compared to placebo.

Moreover, in a randomized controlled trial carried out in

patients on LDA and/or an NSAID for more than 3 months,

rebamipide was shown to be effective in healing the small

bowel erosions and ulcers [78]. From these data, it is rea-

sonable to speculate that to some extent, rebamipide might

serve to reduce the incidence/severity of small bowel injury

in patients receiving LDA.
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