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Abstract

Background Few studies have investigated measures to

prevent small bowel injuries induced by aspirin. Our aim

was to evaluate the effect of probiotic treatment on the

small bowel injuries induced by chronic low-dose aspirin

use.

Methods Thirty-five patients who took low-dose enteric-

coated aspirin 100 mg daily (for more than 3 months) plus

omeprazole 20 mg daily and were diagnosed as having

unexplained iron deficiency anemia participated in this

prospective randomized controlled trial. We assigned the

patients to receive probiotic treatment with Lactobacillus

casei for 3 months (L. casei group) or not receive the

probiotic (control group). Patients underwent capsule

endoscopy (CE) before and after treatment.

Results Twenty-five patients, including 13 in the L. casei

group and 12 in the control group, underwent the full

analysis. Significant decreases in the number of mucosal

breaks and the CE score were observed at the 3-month

evaluation in the L. casei group as compared with the

results in the control group (P = 0.039). The change from

the baseline in the median number of mucosal breaks in the

L. casei group was -2, as compared with 0.5 in the control

group. The change from the baseline in the median CE

score in the L. casei group was -228 compared with -4 in

the control group (P = 0.026).

Conclusions Co-administration of L. casei is effective for

the treatment of aspirin-associated small bowel injury.

Keywords Low-dose aspirin � Capsule endoscopy �
Small bowel � Probiotics

Introduction

Low-dose aspirin, commonly defined as 75–325 mg daily,

is widely used in the clinical setting for the prevention of

primary and secondary cardiovascular and cerebrovascular

thrombotic events [1–3]. However, it is well-known that

the use of low-dose aspirin is also associated with a risk of

serious upper gastrointestinal complications, such as peptic

ulceration and bleeding [4, 5]. Until recently, attention had

mainly been focused on aspirin-induced damage of the

stomach and duodenum; it had remained under debate as to

whether low-dose aspirin might also be injurious to the

small bowel, even though ‘full-dose’ aspirin taken as an

anti-inflammatory and analgesic medication had been well

known to exert intestinal toxicity.

There has been growing interest among gastroenterolo-

gists on the adverse effects of aspirin on the small bowel,

especially as new endoscopic techniques, such as capsule

endoscopy (CE) and double-balloon enteroscopy, have

become available for the evaluation of small bowel lesions

[6, 7]. In a preliminary CE study, we demonstrated that

even short-term administration of low-dose aspirin induced

mild mucosal inflammation of the small bowel [8]. In

addition, recent clinical studies have revealed that chronic

use of low-dose aspirin causes a variety of severe lesions in

the small bowel, including erosions, ulcerations and
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diaphragm-like strictures [9, 10]. However, few studies

have investigated measures to prevent small bowel injury

induced by aspirin. The recommended treatment for small

bowel injury in patients taking low-dose aspirin is with-

drawal of aspirin; however, in the majority of patients, low-

dose aspirin is used as an antiplatelet agent and can

therefore not be discontinued on account of the increased

risk of cardiovascular or cerebrovascular morbidity and

mortality. Thus, novel means for the treatment of this

enteropathy are urgently needed.

It has been suggested that aspirin causes gastric mucosal

injury through the inhibition of cyclooxygenase (COX) and

a topical irritant effect [11]. In regard to injuries of the

small bowel, the same mechanisms are considered to be

involved in increasing the intestinal permeability, which

allows mucosal exposure to a variety of enterobacteria,

with consequent bowel inflammation and injury. Inflam-

matory responses triggered by gram-negative bacteria have

been reported to play a key role in nonsteroidal anti-

inflammatory drug (NSAID)-induced enteropathy [12].

Therefore, we hypothesized that modulation of the intes-

tinal flora might be useful as a protective measure against

NSAID/aspirin-induced enteropathy.

Probiotics are living microorganisms that belong to the

natural flora, and are important to the health and well-being

of the host [13]. Probiotic bacteria have been demonstrated to

have possible therapeutic effects against intestinal inflam-

mation [14, 15]. Probiotic Lactobacillus strains have been

reported to possess antimicrobial activity [16, 17]. Admin-

istration of Lactobacillus casei (L. casei) has been shown to

prevent the development of experimental colitis [18]. Fur-

thermore, recent observations also support the role of pro-

biotics in the treatment of NSAID-induced small bowel

mucosal inflammation [19, 20]. L. casei has been demon-

strated to exhibit a preventive effect on indomethacin-

induced small bowel injury in an animal experiment [19].

The aim of this study was to evaluate the effects of

probiotic treatment (L. casei) on small bowel injury in

chronic low-dose aspirin users.

Methods

Study design

This was a pilot, prospective, two-center, endoscopist-

blinded, randomized, controlled study. All eligible patients

from two hospitals who consented to participate in this

study underwent CE at study entry (baseline CE). Eligible

patients not meeting any of the exclusion criteria (see

below for definitions of the exclusion criteria) were ran-

domized at a 1:1 ratio to receive either probiotic treatment

with L. casei (L. casei group) or not receive probiotic

treatment (control group). Patients in the L. casei group

received viable L. casei (BIOLACTIS� POWDER, Yakult

Honsha, Tokyo, Japan) at doses of 45 9 108 to 63 9 109

colony-forming units (CFU) daily for 3 months; patients in

the control group received no drugs. An independent cli-

nician who was not part of the investigation conducted the

allocation and block randomization according to a com-

puter-generated schedule. Post-treatment CE was per-

formed after 3 months of treatment. The data of patients

who discontinued aspirin or probiotic use during the study

period were excluded from the final analysis. This study

was conducted in accordance with the Declaration of

Helsinki. This two-center study was conducted with the

approval of the ethics committee at both institutions

(Yokohama City University Hospital and Yokohama Rosai

Hospital). Written informed consent was obtained from all

the patients. This trial is registered with the UMIN Clinical

Trials Registry, no. UMIN000001550.

Patients

Patients taking low-dose enteric-coated aspirin 100 mg

once daily (for more than 3 months) plus omeprazole

20 mg once daily, who were found to have unexplained

iron deficiency anemia (decline in blood hemoglobin con-

centration 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. All of the patients had

undergone a total colonoscopy and gastroscopy prior to

undergoing CE. Written informed consent for the CE

procedure was obtained from all the patients. Patients were

excluded from the study if they had known or suspected

small bowel obstruction or stricture, swallowing disorders,

an implanted pacemaker, pregnancy, history of surgical

operation or radiation therapy for the abdomen, active

gastrointestinal disease or inflammatory bowel disease, a

history of overt gastrointestinal bleeding, positive stool

cultures for any pathogens, or any serious disease of the

central nervous system, liver or kidney. Patients who had

taken NSAIDs, misoprostol, sulphasalazine, probiotics,

prebiotics, synbiotics or antibiotics within 3 months prior

to the study were also not eligible for participation in the

study. The patients underwent a baseline CE examination

at study entry, based on which further exclusion criteria

were added, including failure to access the full length of

the small bowel and the presence of small bowel lesions

that could cause iron deficiency anemia, such as angioec-

tasia and tumors.

Capsule endoscopy procedure and evaluation

All videos were reviewed using the PillCam SB and Pill-

Cam SB2 CE system (Given Imaging Ltd., Israel). CE was
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performed after a 12-h fasting period. No bowel prepara-

tions, such as polyethylene glycol solution or sodium

phosphate, were used.

Two independent investigators (H.E. and T.H.) who

were blinded to the allocation status of the subjects to the

L. casei or control group separately reviewed each of the

CE examinations. If the two investigators reported different

findings for a particular lesion, a consensus was reached

through discussion. The small bowel mucosal injury was

classified into mucosal breaks or reddened lesions as fol-

lows [21]: mucosal breaks were defined as lesions with

central pallor and surrounding erythema; neither the depth

of the ulcers nor the size of the lesions was taken into

consideration; reddened lesions were defined as reddish

mucosal changes such as reddened folds, denuded areas

and petechiae, all grouped into a single classification.

Examples of typical mucosal breaks and reddened lesions

found in this study are shown in Fig. 1. The numbers of

mucosal breaks and reddened lesions of the small bowel

were calculated for each patient and compared between

before and after treatment, to evaluate the efficacy of

probiotics in aspirin-associated enteropathy.

In addition, we also determined the CE score [22] for

small bowel mucosal inflammatory changes to strengthen

the validity of the results. This scoring index was based on

three capsule endoscopic variables: villous appearance,

ulceration and stenosis. The severity of the mucosal

inflammatory changes was assessed by tertiles, dividing the

small bowel transit time into three equal time allotments.

The total score was the sum of the highest tertile score plus

the stenosis score. The results were classified into three

categories based on the final numerical score: normal or

clinically insignificant change (\135), mild change

(between 135 and 790), and moderate or severe change

(C790). This scoring system has been shown to be useful

for evaluating aspirin-associated small bowel mucosal

disease activity and for objectively scoring the small bowel

inflammatory disease state [23].

Laboratory studies, including a complete blood count

and blood chemistry, were performed at study entry and at

the end of treatment.

The primary efficacy endpoint of this study was the

changes in the numbers of small bowel lesions (mucosal

breaks and reddened lesions) and of the CE score from the

baseline CE to the post-treatment CE performed after

3 months of treatment. The percentage of patients with at

least one mucosal break was also calculated in both groups.

The secondary endpoints included the change from the

baseline to the post-treatment assessment of the serum

hemoglobin concentration.

Safety assessment

A safety assessment was carried out based on documen-

tation of any adverse events that occurred during the study

period.

Statistical analysis

The results were presented as the mean or median (± stan-

dard deviation or range) for quantitative data and as fre-

quency (percentage) for the categorical data. Age and

hemoglobin concentration were compared by Student’s

t test. The duration of aspirin use, the number of mucosal

breaks, reddened lesions and CE score were compared by the

Mann-Whitney U test. The proportions of patients with

mucosal breaks or reddened lesions were compared by

Fisher’s exact test. The Wilcoxon’s signed rank test was used
Fig. 1 Examples of a typical mucosal break (a) and reddened lesions

(b) found in this study
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to compare the number of mucosal breaks/reddened lesions,

CE score, and hemoglobin concentration at the baseline CE

and with those at the post-treatment CE in each group. The

changes from the baseline in the number of mucosal breaks/

reddened lesions, CE score and hemoglobin concentration

after 3 months’ treatment were compared between the

L. casei and control groups by the Mann-Whitney U test.

P values of \0.05 were considered to denote statistical

significance.

Results

Patient characteristics

Between May 2009 and June 2010, 35 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 this study; of these, 15 were randomly assigned

to the L. casei group and 14 to the control group. Six

patients were found to be ineligible based on our exclusion

criteria: four patients were excluded because of the pres-

ence of small bowel angioectasia, and two because the

capsule did not reach the cecum within the reading time.

None of the patients developed permanent retention of the

capsule and required endoscopic/surgical removal of the

capsule. After the randomization, an additional three

patients, comprising one from the L. casei group and two

from the control group, were excluded from our final

analysis because of the discontinuation of the aspirin

treatment for medical reasons during the study period, and

a further one patient from the L. casei group was excluded

because of poor compliance with the study medication

(L. casei). Follow-up CE was not performed in these four

patients. 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. A flow chart of the study is shown in Fig. 2. All the

patients’ clinical data were followed for at least 3 months;

however, none of the patients was newly diagnosed to have

Crohn’s disease, Behçet’s disease or intestinal tuberculosis.

The characteristics of the patients are shown in Table 1. Of

the 24 patients, 7 patients, including 3 of the L. casei group and

4 of the control group, were receiving aspirin in combination

with another anticoagulant. There were no significant differ-

ences between the two groups at the baseline CE examination

with regard to the patient characteristics, the CE findings or the

CE scores. At entry, the baseline median number of mucosal

breaks was 3 (range 0–41), the number of reddened lesions

was 9 (range 3–37), and the baseline median CE score was 340

(range 112–1518) in the L. casei group, with corresponding

results of 2.5 (0–91), 8 (0–16) and 348 (112–2,140), respec-

tively, in the control group. The percentage of patients with at

least one mucosal break was 84.6% in the L. casei group and

75.0% in the control group.

Efficacy assessment

Capsule endoscopy findings after probiotic treatment

As shown in Table 2, in the L. casei group, the number of

mucosal breaks decreased significantly from a median of

Fig. 2 Flow chart of the study

patients. CE capsule endoscopy
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three in the baseline CE to a median of one in the post-

treatment CE (P = 0.008). In the control group, no sig-

nificant difference in the median number of mucosal breaks

was observed between baseline and post-treatment CE

(P = 0.859). A decrease in the percentage of patients with

at least one mucosal break was observed in response to

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

the baseline CE versus 53.8% (7/13) in the post-treatment

CE]; however, the difference did not reach statistical sig-

nificance (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).

Reddened lesions were found in all patients, regardless

of probiotic treatment, at post-treatment CE. The difference

in the median number of reddened lesions before and after

treatment was statistically significant (P = 0.020) in the

L. casei group, but not significant (P = 0.670) in the

control group (Table 2).

In the primary efficacy analysis, the decrease in the

number of mucosal breaks from the baseline CE to the

post-treatment CE was significantly greater in the L. casei

group than that in the control group (P = 0.039) (Table 3).

The decrease in the number of reddened lesions from the

baseline CE to the post-treatment CE was also significantly

greater in the L. casei group than that in the control group

(P = 0.005) (Table 3).

Capsule endoscopy score for small bowel mucosal

inflammatory changes

As shown in Fig. 3a, L. casei significantly improved the

median CE scores from 340 (range 112–1518) in the

Table 1 Baseline

characteristics of the patients

who underwent the full analysis

L. casei (n = 13) Control (n = 12) P value

Sex (M/F) 10/3 8/4 NS

Age (years); mean ± SD 73.9 ± 8.5 70.3 ± 6.2 NS

Hemoglobin concentration (g/dl); mean ± SD 10.4 ± 2.0 10.9 ± 1.7 NS

Duration of low-dose aspirin (months); median (range) 66 (12–408) 54 (24–120) NS

Indication for low-dose aspirin; n (%)

TIA or minor ischemic stroke 5 (38.5) 4 (33.3) NS

Prevention of recurrent myocardial infarction 4 (30.7) 3 (25.0) NS

Chronic stable angina pectoris 3 (23.1) 5 (41.7) NS

Valvular heart disease 1 (7.7) 0 (0) NS

Capsule endoscopy findings

Mucosal breaks

Number of patients (%) 11 (84.6) 9 (75.0) NS

Median number (range) 3 (0–41) 2.5 (0–91) NS

Reddened lesions

Number of patients (%) 13 (100) 11 (91.7) NS

Median number (range) 9 (3–37) 8 (0–16) NS

Capsule endoscopy score

Median score (range) 340 (112–1518) 348 (112–2140) NS

Categories of capsule endoscopy score

Normal or clinically insignificant change (\135) 1 (7.7%) 1 (8.3%) NS

Mild change (C135, \790) 10 (76.9%) 10 (83.3%) NS

Moderate or severe change (C790) 2 (15.4%) 1 (8.3%) NS

Table 2 Comparison of the number of patients and small bowel

injuries at the baseline and post-treatment capsule endoscopy

Baseline Post-treatment P value

L. casei group (n = 13)

Mucosal breaks

Number of patients (%) 11 (84.6) 7 (53.8) 0.202

Median number (range) 3 (0–41) 1 (0–10) 0.008

Reddened lesions

Number of patients (%) 13 (100) 13 (100) –

Median number (range) 9 (3–37) 4 (2–11) 0.020

Control group (n = 12)

Mucosal breaks

Number of patients (%) 9 (75.0) 10 (83.3) [0.999

Median number (range) 3 (0–91) 3 (0–68) 0.859

Reddened lesions

Number of patients (%) 11 (91.7) 12 (100) [0.999

Median number (range) 8 (0–16) 7 (1–27) 0.670
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baseline CE to 143 (range 8–462) in the post-treatment CE

(P = 0.004). Both the patients who were categorized as

showing moderate or severe changes (score C 790) at the

baseline CE in the L. casei group converted to mild change

(135 B score \ 790) after treatment. Furthermore, probi-

otic treatment changed the category of the CE score in five

of the ten patients from mild change (135 B score \ 790)

to normal or clinically insignificant change (score \ 135).

In the control group, the median CE scores were compa-

rable between baseline (348; range 112–2140) and post-

treatment CE (340; range 112–1,630); this difference was

not statistically significant (P = 0.875) (Fig. 3b). Of the

ten patients who were categorized as having mild change at

the baseline CE in the control group, only one converted to

normal or clinically insignificant change, while in one

patient, the changes were found to have deteriorated to

moderate or severe change at the post-treatment CE. In one

patient, normal or clinically insignificant change at the

baseline CE worsened to mild change at the post-treatment

CE. These results suggest the probiotic co-therapy attenu-

ated the severity of the aspirin-associated mucosal injury.

The decrease in the CE score from the baseline CE to

the post-treatment CE was significantly greater in the

L. casei group than in the control group (P = 0.026)

(Table 3).

Distribution of small bowel lesions

In most patients, the mucosal breaks were multifocal and

were evenly distributed in the small bowel (Table 4).

However, reddened lesions showed a tendency to exist in

the proximal part of the small bowel (Table 4).

Table 5 compares the distribution of small bowel inju-

ries at the baseline and post-treatment CE to evaluate the

correlation between the therapeutic effect of L. casei and

the distribution of aspirin-induced small bowel injuries. In

the first tertile, significant decreases in the percentage of

the patients with mucosal breaks and the number of

mucosal breaks were observed at the post-treatment CE

compared with the results at the baseline CE (P = 0.047,

P = 0.017, respectively). A decrease in the number of

Table 3 Efficacy analysis: changes in the number of small bowel injuries, the capsule endoscopy score and the hemoglobin concentration from

the baseline to the post-treatment

L. casei (n = 13) Control (n = 12) P value

Change from baseline

Mucosal breaks

Mean ± SD -5.3 ± 10.2 0.8 ± 7.9

Median (min, max) -2 (-38, 1) 0.5 (-23, 7) 0.039

Reddened lesions

Mean ± SD -7.4 ± 9.9 3.1 ± 6.3

Median (min, max) -5 (-34, 1) 1 (-6, 12) 0.005

Capsule endoscopy score

Mean ± SD -294.8 ± 288.1 -21.0 ± 261.1

Median (min, max) -228 (-1060, 125) -4 (-510, 342) 0.026

Hemoglobin concentration

Mean ± SD 1.6 ± 1.8 0.8 ± 1.5

Median (min, max) 1.1 0.3 0.183

Fig. 3 Capsule endoscopy scores at the baseline capsule endoscopy

and at the post-treatment capsule endoscopy in the 13 patients of the

L. casei (a) and 12 patients of the control group (b). CE capsule

endoscopy
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mucosal breaks in the third tertile was observed in response

to probiotic treatment in the L. casei group; however,

the difference did not reach statistical significance

(P = 0.058).

Change in hemoglobin concentration

The hemoglobin concentration significantly increased after

treatment in the L. casei group (median 11.1–12 g/dl;

P = 0.002) (Fig. 4a). In the control group, on the other

hand, no significant difference of the hemoglobin concen-

tration was noted between the baseline and post-treatment

CE (median 11.6–11.8 g/dl; P = 0.196) (Fig. 4b).

In the secondary efficacy analysis, the increase in the

hemoglobin concentration from the baseline to post-treat-

ment was greater in the L. casei group than in the control

group; however, the difference did not reach statistical

significance (P = 0.183) (Table 3).

Safety

No side effects or significant changes from the baseline

values of any of the laboratory parameters examined were

recorded in either group of patients.

Discussion

This is the first randomized controlled trial using CE per-

formed to examine the efficacy of probiotic treatment on

small bowel injury in chronic low-dose aspirin users. We

found that patients treated with L. casei showed a signifi-

cant decrease in the number of small bowel lesions asso-

ciated with low-dose aspirin use. Moreover, this probiotic

treatment was associated with a significant improvement in

the CE scoring index. Thus, co-administration of L. casei

decreased the incidence and severity of aspirin-associated

small bowel injury.

The pathogenesis of NSAID/aspirin-induced enteropa-

thy is likely to be multifactorial; however, the response to

antibiotic treatment suggests a significant role for the

enteric bacteria [24–27]. NSAID/aspirin ingestion may

disrupt the homeostasis of the intestinal flora and induce

overgrowth of gram-negative and anaerobic bacterial spe-

cies [28]. Enterobacterial translocation into the mucosa

represents the first step that sets in motion a series of events

leading to gross lesion formation. In particular, gram-

negative bacteria have been reported to play a key role in

NSAID/aspirin-induced enteropathy [12]. The role exerted

by enterobacteria in the pathogenesis of NSAID/aspirin-

induced enteropathy is assumed to be similar to those of

Crohn’s disease [29]. Therefore, based on the previous

studies showing the efficacy of probiotics against inflam-

matory bowel disease, we decided to use a probiotic strain

for this study. Probiotic Lactobacillus strains, including

L. casei, have been reported to possess antimicrobial

activity [16, 17]. Lactobacillus strains inhibit the growth of

bacterial pathogens and can even have a bactericidal effect

mediated by the production of metabolites, such as lactic

acid, and the resultant lowering of the pH [30]. In partic-

ular, the efficacy of L. casei on intestinal inflammation has

been demonstrated in various studies [31, 32]. L. casei has

been proven effective in improving murine chronic

inflammatory bowel diseases by inhibiting the expression

of pro-inflammatory cytokines in lamina propria mononu-

clear cells. The potent pro-inflammatory cytokine tumor

necrosis factor a (TNF-a) seems to be one of the key

factors in the pathogenesis of intestinal inflammation in

both Crohn’s disease and NSAID-induced enteropathy

[33–35]. L. casei has been reported to modulate the pro-

duction of TNF-a released by inflamed Crohn’s disease

mucosa [35]. On this basis, we decided to use a single-

strain probiotic bacterium, L. casei. Moreover, recent

studies have supported the potential therapeutic role of

probiotics in small bowel inflammation induced by

NSAIDs or aspirin. Watanabe et al. [19] reported that the

L. casei strain Shirota protects against indomethacin-induced

Table 4 Distribution data of

small bowel injuries at the

baseline capsule endoscopy

The small bowel was divided

into three parts (first, second and

third tertile) on the basis of each

patient’s small bowel transit

time

First tertile Second tertile Third tertile

Baseline capsule endoscopy (n = 25)

Mucosal breaks

Number of patients (%) 14 (56.0) 12 (48.0) 18 (72.0)

Total number of lesions (mean ± SD) 82 (3.3 ± 9.3) 89 (3.6 ± 8.5) 51 (2.0 ± 2.2)

Median number (range) 1 (0–46) 0 (0–37) 1 (0–8)

Reddened lesions

Number of patients (%) 21 (84.0) 19 (76.0) 15 (60.0)

Total number of lesions 129 (5.2 ± 5.7) 78 (3.1 ± 3.2) 55 (2.2 ± 3.0)

Median number (range) 3 (0–21) 2 (0–10) 1 (0–9)
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Table 5 Comparison of the distribution of small bowel injuries at the baseline and post-treatment capsule endoscopy between the two groups

Baseline Post-treatment P value

Mucosal breaks

First tertile

L. casei group (n = 13)

Number of patients (%) 9 (69.2) 3 (23.1) 0.047

Total number of lesions (mean ± SD) 27 (2.1 ± 3.4) 3 (0.2 ± 0.4) 0.017

Median number (range) 1 (0–13) 0 (0–3)

Control group (n = 12)

Number of patients (%) 5 (41.7) 7 (58.3) 0.684

Total number of lesions (mean ± SD) 55 (4.6 ± 13.2) 42 (3.5 ± 5.6) 0.381

Median number (range) 0 (1–46) 1 (0–19)

P value

Number of patients 0.238 0.111

Number of lesions 0.253 0.057

Second tertile

L. casei group (n = 13)

Number of patients (%) 7 (53.8) 5 (38.5) 0.695

Total number of lesions (mean ± SD) 40 (3.1 ± 6.6) 12 (0.9 ± 1.6) 0.412

Median number (range) 1 (0–24) 0 (0–5)

Control group (n = 12)

Number of patients (%) 5 (41.7) 6 (50.0) [0.999

Total number of lesions (mean ± SD) 49 (4.1 ± 10.5) 52 (4.3 ± 11.6) 0.795

Median number (range) 0 (0–37) 0.5 (0–41)

P value

Number of patients 0.695 0.695

Number of lesions 0.724 0.532

Third tertile

L. casei group (n = 13)

Number of patients (%) 9 (69.2) 4 (30.8) 0.115

Total number of lesions (mean ± SD) 26 (2.0 ± 2.1) 9 (0.7 ± 1.4) 0.058

Median number (range) 2 (0–7) 0 (0–5)

Control group (n = 12)

Number of patients (%) 9 (75.0) 6 (50.0) 0.400

Total number of lesions (mean ± SD) 25 (2.1 ± 2.5) 19 (1.6 ± 2.4) 0.387

Median number (range) 1 (0–8) 0.5 (0–8)

P value

Number of patients [0.999 0.428

Number of lesions 0.935 0.328

Reddened lesions

First tertile

L. casei group (n = 13)

Number of patients (%) 12 (92.3) 9 (69.2) 0.322

Total number of lesions (mean ± SD) 80 (6.2 ± 6.4) 33 (2.5 ± 2.9) 0.058

Median number (range) 4 (0–21) 2 (0–10)

Control group (n = 12)

Number of patients (%) 9 (75.0) 11 (91.7) 0.590

Total number of lesions (mean ± SD) 49 (4.1 ± 4.9) 69 (5.8 ± 5.4) 0.403

Median number (range) 3 (0–17) 3.5 (0–18)
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small bowel injury in rats and that its probiotic effects may

be mediated through the anti-inflammatory effects of lactic

acid. More recently, Montalto et al. [20] showed that

treatment with probiotic mixture (VSL#3) including

L. casei significantly reduced the fecal calprotectin con-

centrations in healthy volunteers receiving indomethacin.

However, the efficacy of probiotics has only been indi-

rectly evaluated, and up till now, there have been no reports

on low-dose aspirin-associated small bowel injury. In the

present study, we directly evaluated the effect of L. casei

using CE and found that the probiotic stimulated healing of

aspirin-associated mucosal injuries.

As regards doses and time of administration, up till the

present no clear data regarding the relationship between the

amount of probiotic bacteria and the beneficial effects have

been reported. In particular, no studies have appeared small

bowel injury in chronic NSAIDs/aspirin users. Therefore,

we based the therapeutic term (3 months) according to the

previous studies [36, 37] in which the effect of the probi-

otic on small bowel inflammation was endoscopically

evaluated in a similar manner to our study. As for the dose

of L. casei, it would be desirable to use a high dosage

probiotics containing a high concentration of live bacteria

to ensure their survival with functional activity along the

entire length of the intestine. It is unclear whether the dose

of L. casei used in this study is optimal, but the dose of

L. casei used in the present study (45 9 108 to

63 9 109 CFU daily) is higher compared with similar

previous work. Thus, we designed our study based on the

speculation that this dose of L. casei would be enough to

prevent aspirin-induced small bowel injury. Further

investigations are needed to confirm the optimal thera-

peutic term and doses of probiotic treatment on small

bowel injury.

As for the prevention of NSAID-induced small bowel

injury, several studies have already shown that omeprazole,

a proton pump inhibitor, is not effective [38, 39], whereas

misoprostol, a prostaglandin analog, effectively reduced

the incidence of small bowel lesions induced by 2 weeks’

administration of diclofenac [21]. Prostaglandin has been

Table 5 continued

Baseline Post-treatment P value

P value

Number of patients 0.322 0.322

Number of lesions 0.314 0.077

Second tertile

L. casei group (n = 13)

Number of patients (%) 10 (76.9) 9 (69.2) [0.999

Total number of lesions (mean ± SD) 46 (3.5 ± 3.6) 15 (1.6 ± 1.1) 0.118

Median number (range) 2 (0–10) 1 (0–3)

Control group (n = 12)

Number of patients (%) 9 (75.0) 7 (58.3) 0.667

Total number of lesions (mean ± SD) 32 (2.7 ± 2.8) 21 (1.8 ± 2.9) 0.273

Median number (range) 1.5 (0–9) 1 (0–10)

P value

Number of patients [0.999 0.688

Number of lesions 0.664 0.828

Third tertile

L. casei group (n = 13)

Number of patients (%) 9 (69.2) 4 (30.8) 0.115

Total number of lesions (mean ± SD) 35 (2.7 ± 3.3) 10 (0.8 ± 1.4) 0.077

Median number (range) 1 (0–9) 0 (0–4)

Control group (n = 12)

Number of patients (%) 6 (50.0) 6 (50.0) [0.999

Total number of lesions (mean ± SD) 20 (1.7 ± 2.7) 21 (1.8 ± 2.1) 0.795

Median number (range) 0.5 (0–9) 1 (0–6)

P value

Number of patients 0.428 0.428

Number of lesions 0.384 0.289

The small bowel was divided into three parts (first, second and third tertile) on the basis of each patient’s small bowel transit time
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shown to reverse NSAID-induced changes in intestinal

permeability [40], a local intestinal event that is considered

to play a pivotal role in the development of inflammation

and injury. The efficacy of this drug has also been reported

in aspirin-induced enteropathy [41]. However, misoprostol

is often poorly tolerated because of its side effects, such as

diarrhea and abdominal pain. Indeed, in a pilot study to

evaluate the efficacy of misoprostol on aspirin-induced

enteropathy, 3 of the 11 patients who received misoprostol

discontinued the drug owing to the development of severe

watery diarrhea [41]. Therefore, development of an effec-

tive alternative agent against NSAID/aspirin-induced

enteropathy is strongly desired.

Although our previous report showing the characteris-

tics of small bowel injury in chronic low-dose aspirin users

demonstrated that ulcers were observed mainly in the distal

part of the small bowel [9], the mucosal breaks in this study

did not show a similar tendency. A possible reason for this

discrepancy is that the definition of the CE findings in this

study abandoned the differentiation of mucosal breaks

from other terms, such as erosions or ulcers, to simplify the

evaluation of the efficacy of L. casei on aspirin-induced

small bowel mucosal injury. Indeed, ulcers showed a ten-

dency to exist in the distal part of the small bowel if we

differentiated ulcers from mucosal breaks in this study

(data not shown). Another possible reason is the interin-

dividual differences among the patients who participated in

the study. This study included asymptomatic patients with

unexplained iron deficiency anemia, while our previous

study included symptomatic patients with symptoms such

as gastrointestinal bleeding or abdominal pain [9]. Fur-

thermore, we compared the distribution of small bowel

injuries at the baseline and post-treatment CE to evaluate

the correlation between the therapeutic effect of L. casei

and the distribution of aspirin-induced small bowel inju-

ries. In the first tertile, significant decreases in the per-

centage of the patients with mucosal breaks and the number

of mucosal breaks were observed at the post-treatment CE

compared with the results at the baseline CE. A decrease in

the number of mucosal breaks in the third tertile was also

observed in response to probiotic treatment in the L. casei

group; however, the difference did not reach statistical

significance. These results may be influenced by the dif-

ference in the intestinal microbial flora between the prox-

imal and the distal small bowel [42]. The luminal bacterial

load increases from the proximal to the distal small bowel,

and these changes may play a pathogenic role in NSAID/

aspirin-induced injury. The efficacy of probiotic treatment

in the distal part of the small bowel can be explained by the

modulation of the abundant intestinal bacteria, thereby

preventing enterobacteria from invading the small bowel

mucosa. Although the intestinal bacterial flora is likely to

be sparse in the proximal small bowel, low numbers of

microorganisms, mainly consisting of acid-tolerant lacto-

bacilli and streptococci, exist in the proximal part of the

small bowel. The probiotics might have a great effect on

these enterobacteria in the proximal small bowel because

the concentration of ingested live bacteria with functional

activity is higher in the proximal small bowel than in the

distal small bowel. The actual mechanisms of probiotics

against small bowel injuries remain poorly understood, and

further investigations are needed.

CE has revealed numerous inflammatory lesions and has

shed light on the small bowel mucosal injury induced by

NSAIDs and aspirin. Despite these investigations, the clin-

ical significance of NSAID/aspirin-associated mucosal

injury is not yet clear. Almost all the patients taking low-dose

aspirin have some degree of intestinal mucosal injuries, but it

has not been investigated as to whether these lesions of the

small bowel can actually explain the iron deficiency anemia

of unknown source in patients on low-dose aspirin. Our

results demonstrated that treatment with L. casei produced a

significant improvement in serum hemoglobin concentration

Fig. 4 Hemoglobin concentration at the time of the baseline capsule

endoscopy and at the time of the post-treatment capsule endoscopy in

the 13 patients of the L. casei (a) and 12 patients of the control group

(b)
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that was not observed in the control individuals. The

hemoglobin concentration in the L. casei group changed in

parallel with the small bowel mucosal injuries (the number of

small bowel lesions and CE score), suggesting that these

mucosal injuries might induce microbleeding and be the

cause of the anemia of unknown source. On the other hand,

the hemoglobin concentrations in a few patients in the con-

trol group increased without probiotic treatment. Further

studies are needed to elucidate the correlation between the

small bowel injuries and changes in the blood hemoglobin

concentration in chronic low-dose aspirin users.

The present study had a number of limitations. The primary

concern is the possibility that the CE findings might not be

direct consequences of the low-dose aspirin administration.

Follow-up CE examinations after aspirin withdrawal were not

performed because the majority of the patients who take

aspirin as an antiplatelet agent could not discontinue it.

However, no patients had a new diagnosis of Crohn’s disease,

Behçet’s disease, intestinal tuberculosis or other inflammatory

bowel diseases. Moreover, the CE findings and scores in this

study were consistent with those in other recent investigations

that studied the characteristics of the small bowel injury in

chronic low-dose aspirin users [9, 23, 41]. Thus, although

most of the CE findings of this study are suggestive, they are

still not definitive. Another limitation was the design of this

study. Although our study was conducted as a randomized

controlled trial, there was no placebo control group, and the

study size was small. A placebo-controlled large-scale trial is

needed to confirm our results. In addition, four patients were

excluded from the current analysis after the randomization,

and the follow-up CE was not performed in these patients. An

intention-to-treat analysis would be desirable.

In conclusion, data from this pilot study suggest that

probiotic treatment (L. casei) protects against aspirin-

associated small bowel injury. Further larger scale studies

are necessary to confirm the beneficial effect of probiotics.
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