
INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) are one 
of the most commonly prescribed drugs in the world for their 
analgesic and anti-inflammatory properties. However, NSAID 
has limitation in prescribing because of gastrointestinal (GI) 
toxicity. Recently, NSAID-induced enteropathy has gained 
much attention due to the introduction of new emerging diag-
nostic modalities, capsule endoscopy (CE) and device assist-
ed enteroscopy as well as due to the increased use of aspirin 
and NSAIDs. Recent CE studies have demonstrated NSAID 
use in healthy volunteers raised the incidence (55% to 75%) 
of intestinal damage.1-6 NSAID-induced enteropathy has been 
under-examined or even ignored in clinical situation before 
the times of CE.

Previous attention or studies have focused primarily on 
upper GI events but recent researches have shifted to the 
small bowel and colon during chronic NSAID use. Proton 
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pump inhibitor (PPI) can’t protect NSAID-induced intestinal 
injuries below Treitz ligament while PPI is very helpful to re-
duce NSAID-induced gastroduodenal damages.7 Until now, 
no medications are available yet to prevent or heal NSAID-
induced intestinal injuries. It is important to extend the un-
derstanding about small bowel and colonic injuries associated 
with NSAID because all clinician, especially gastroenterolo-
gists, should have thorough knowledge of the GI toxicity of 
NSAIDs. 

EPIDEMIOLOGY

It has been known that lower GI events accounted for one-
third of all clinically relevant GI events. NSAID-induced lower 
GI complications (perforation, bleeding, or obstruction) are 
increasing while upper GI complications are decreasing.7 In 
fact, the ratio of upper/lower was 4.1 in 1996 and it has de-
creased to only 1.4 in 2005.7,8 Current evidences suggest that 
NSAIDs increase the risk of lower GI bleeding and perfora-
tion to a similar extent to that seen in the upper GI tract.9 Post-
hoc analysis of a large-scale clinical outcome trial showed that 
lower GI events accounted for 40% of all serious GI events in 
patients on NSAIDs.10

There were notable CE studies in short-term NSAID users 
as well as chronic NSAID users. Goldstein et al.5 reported that 
small bowel mucosal breaks were induced in 55% of healthy 
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volunteers who had taken naproxen for 2 weeks. Maiden et al.4 
reported that 2-week ingestion of slow release diclofenac re-
sulted in macroscopic injury to the small intestine in 68% to 
75% of healthy volunteers. Graham et al.3 performed CEs in 
arthritic patients who had been using NSAIDs for at least 3 
months and reported as high as 71% for the incidence of small 
intestinal mucosal injury after chronic NSAID administration. 
The Japanese Study Group for Double-Balloon Endoscopy re-
ported that NSAID-induced enteropathy occurred in half of 
the patients taking NSAIDs based on the registry of a 2-year 
period.11 CE and double-balloon enteroscopy (DBE) findings 
suggest that the small intestinal mucosa is very sensitive to 
NSAID-induced injuries (Table 1).

 
PATHOPHYSIOLOGY

 
The pathogenesis of NSAID-induced enteropathy is dis-

tinct from that of NSAID-induced gastropathy. Unlike stom-
ach, NSAID-induced lower GI injuries are not caused by sup-
pression of prostaglandin synthesis due to inhibition of cyclo-
oxygenase (COX) activity12,13 but, most of the time, by gram 
negative bacteria and bile.4-22 Bjarnason et al.15 proposed a 
“three hit” hypothesis. First, NSAIDs solubilize lipids of ph-
ospholipids on the mucosal surface, so the epithelial mitoch-
ondria are directly damaged. Second, the mitochondrial dam-
age depletes intercellular energy and leads to calcium efflux 
and to induction of free radicals, a disruption of intercellular 
junctions occurs, and mucosal permeability increases in the 
small intestinal mucosa. Third, the mucosal barrier becomes 
weakened, so bile acid, proteolytic enzymes, intestinal bacte-
ria, or toxins can easily penetrate into the epithelial cells, re-
sulting in mucosal injury. NSAID-induced small intestinal 
injuries augment through the enterohepatic circulation of the 

NSAID (Fig. 1).14 NSAIDs with no enterohepatic circulation 
did not cause significant intestinal damage in animal models.14

 
CLINICAL PICTURES

NSAIDs affect the entire GI system and can often cause vari-
ous abdominal symptoms such as epigastric pain, nausea, in-
digestion, constipation, and abdominal distension.13 Multiple 
ulcers and erosions are common NSAID-induced small intes-
tinal lesions.14 Ulceration often occurs in the GI tract without 
symptoms because of analgesic effect of NSAIDs. Aspirin itself 
can also cause stomach and duodenal ulcers, but it is generally 
believed that aspirin does not usually cause small bowel dam-
age according to intestinal permeability and fecal inflamma-
tory marker studies and aspirin does not have enterohepatic 
circulation.14 Enteric coated aspirin was originally designed to 
decrease adverse effects on the stomach, but the use of enteric 
coated aspirin may have shifted the damage to the distal small 
bowel. Low dose aspirin is not safe, and chronic low dose as-
pirin use induced small bowel enteropathy that has many 
striking similarities with NSAID-induced enteropathy.23

NSAIDs were found to induce obscure overt GI bleeding 
which manifests as hematochezia or melena, or occult obscure 
GI bleeding, as positive guaiac fecal occult blood test or ane-
mia of unknown etiology.24 NSAID-induced enteropathy is 
one of the most common causes of obscure GI bleeding.24

NSAID-induced enteropathy might be suspected strongly 
in patients with obscure GI bleeding and recent history of tak-
ing aspirin or NSAIDs. CE sensitively detects NSAID-induc-
ed small intestinal injuries such as red spot, erosion, and ulcer, 
while NSAID-induced small intestinal injuries are not specific 
in endoscopic findings and NSAID-induced ulcer is hard to 
differentiate from other causes of ulcer such as Crohn’s disease. 

Table 1. Epidemiology of Non-steroidal Anti-inflammatory Drug (NSAID) Enteropathy

Method Period Result Reference
1 Population based study 1996–2005 Ratio of upper/lower GI complication 

  (bleeding, perforation, obstruction) is decreasing 
8

2 Double blind trial (etoricoxib vs. diclofenac) 18 mo Lower GI events accounted for 40% of all serious 
  GI events in patients on NSAIDs

10

3 Double blind trial using capsule endoscopy 
  (celecoxib vs. naproxen plus omeprazole)

2 wk Small bowel mucosal breaks in 55% of naproxen 5

4 Double blind placebo controlled trial using 
  capsule endoscopy and fecal calprotectin 
  (diclofenac vs. placebo)

2 wk Macroscopic injury to the small intestine in 68–75% 
 of diclofenac

4

5 Clinical trial using capsule endoscopy 
  (NSAIDs vs. control) 

3 mo Small intestinal mucosal injury at 71% of NSAID users 3

6 Double balloon endoscopy registry 2004-2005 NSAIDs enteropathy occurred in half of the patients 
  taking NSAIDs

11

GI, gastrointestinal.
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NSAID-induced small intestinal bleeding can be effectively 
controlled by a device assisted enteroscopy (Fig. 2).

Concentric diaphragmatic stricture is thought to be the pa-
thognomonic symptom of NSAID injury.25 Clinical presenta-
tion of diaphragm disease is nonspecific and may be present-
ed with obstructive symptoms. It develops from scarring re-
action secondary to ulcerative injury during long-term NSAID 
use. The histological features of the diaphragm-like stricture 
include fibrosis in the submucosa and thickening of the mus-
cularis mucosa.26 Since the muscularis propria layer is intact, 
the risk of intestinal perforation is low with endoscopic bal-
loon dilation, which is why it is a preferred treatment modal-
ity than surgical intervention.27 Capsule can be retrieved suc-
cessfully by enteroscopy in case of the capsule entrapment.

In randomized trials in patients with rheumatoid or osteo-
arthritis, diverticulitis and diverticular bleeding are the most 
common etiologies of NSAID-induced lower GI injuries, acco-
unting for 30% to 50% of all serious GI events associated with 
NSAIDs.28 Case control studies have shown a significantly 
higher prevalence of NSAID use with complications of diver-
ticular diseases (diverticulitis and bleeding) compared to con-
trols - their risk estimates varied widely with odds ratios rang-
ing from 1.8 to 16.7 Regular use of aspirin or NSAIDs was as-

sociated with increased risks of diverticulitis and diverticular 
bleeding.7,29

DIAGNOSIS 

NSAIDs can induce a variety of abnormalities including ul-
cerations, perforations, bleeding, and diaphragm-like strictures 
in the human small intestine.7 Difficulties in accessing the en-
tire small intestine prevented comprehensive evaluation of 
the extent and localization of NSAID-induced small intestinal 
injury, however. Thus, prior to the advent of CE and small bo-
wel enteroscopy, most studies had to rely on surrogate markers 
such as urinary excretion of chromium-51-labeled ethylene-
diaminetetraacetic acid, which shows intestinal permeability 
and fecal level of calprotectin, a proposed marker of intesti-
nal inflammation.30,31 Calprotectin is a 36 kDa calcium-bind-
ing protein constituting up to 60% of the cytosolic proteins in 
neutrophil granulocytes and plays an important role in inflam-
matory processes.32 It is excreted in feces and remains stable 
against bacterial degradation.33 The presence of calprotectin 
in feces is a consequence of neutrophils’ migration into the 
GI tissue.33 But now, with CE, we can easily locate the site of 
injury and evaluate the incidence rates and types of injuries.

Combination of biochemical events compromise mucosal cell integrity
COX-1 and COX-2 inhibition (decreased PG synthesis)
Topical effect (mitochondrial uncoupling of oxidative phosphorylation)

Initial damage
Increased intestinal permeability
Increased mucosal susceptibility to damage 
Chemotactic events

Endoluminal NSAID

Endogenous aggressors:
Polymorphonuclear neutrohils
Inflammatory mediators

Luminal aggressors:
Bile
Bacteria
Hydrolytic enzymes
Proteolytic enzymes

Secondary damage with
Ulceration and strictures
Blood loss
Protein loss

Enterohepatic circulation

Fig. 1. Pathophysiology of non-steroidal anti-inflammatory drug (NSAID)-induced enteropathy. NSAIDs suppress cyclooxygenase isoenzymes 
and directly damage intestinal epithelium. Intercellular junctions weaken and then intraluminal aggressors including polymorphonuclear neutro-
phils, inflammatory mediators, bile, bacteria, hydrolytic, or proteolytic enzymes attack the intestinal epithelial cells. Secondary damage with 
ulceration, stricture and blood, or protein loss is augmented by the enterohepatic circulation of NSAID. PG: prostaglandin.
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Presently, CE and DBE are available for direct detection of 
small intestinal lesions. Endoscopic findings of NSAID-in-
duced enteropathy include reddish erosion, multiple sharply 
demarcated ulcer and concentric stenosis. Multiple discrete 
ulcers are the most frequent finding. NSAID-induced small 
intestinal lesions on CE include denuded areas, erosions and 
ulcers (Fig. 3). A denuded area is defined as a reddened area 

without villi.4 Maiden et al.4 classified CE findings into five cat-
egories: reddened folds, denuded area, red spot, mucosal 
break, and blood. Graham et al.3 divided CE findings into red 
spots, small erosions, large erosions, and ulcers, and they fo-
und mucosal lesions in 13 out of 21 patients (62%) with ch-
ronic NSAID use. Small lesions such as erosions and red spots 
are detected more often by CE than DBE. 

A  

C  

B  

D  E  
Fig. 2. A 40-year-old man with recurrent obscure gastrointestinal bleeding (Hb=5.0 mg/dL). He had intermittently taken non-steroidal anti-in-
flammatory drugs for intractable back pain. Capsule endoscopic finding (A, B) showed ongoing mid-jejunal bleeding without definite muco-
sal lesion and this bleeding was controlled by clipping through single balloon endoscopy (C, D, E).

A  

D  

B  

E  

C  

F  
Fig. 3. Capsule endoscopic findings of non-steroidal anti-inflammatory drug enteropathy. There were denuded areas (A), erosions (B, C, D), 
and multiple variously-shaped well-demarcated ulcers (E, F).
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 TREATMENT AND FUTURE DIRECTION 

Previous efforts have focused primarily on GI events in the 
upper GI tract, but recently, efforts have been made to reduce 
NSAID-induced small bowel and colon injuries including 
mucosal damage, ulceration, overt bleeding, obstruction/per-
foration, protein-loss and occult blood loss (with an associat-
ed decrease in hemoglobin).

Fujimori et al.34 demonstrated the benefit of treatment with 
misoprostol in a small pilot study in which small intestinal 
damage was assessed by CE. Misoprostol co-therapy reduced 
the incidence of small intestinal lesions induced by a 2-week 
administration of diclofenac sodium in healthy subjects. Wata-
nabe et al.35 examined therapeutic effect of misoprostol against 
aspirin induced injury. Their subjects were gastric ulcer pa-
tients who were orally taking low dose, enteric coated aspirin. 
They were treated with PPI for 8 weeks, but all patients had 
redness and erosions in the small intestine on CE at 8 weeks. 
When misoprostol was administered instead of PPI for addi-
tional 8 weeks, small intestinal lesions were improved on the 
follow-up CE. Misoprostol appeared to be capable of healing 
aspirin induced small bowel injury.

Selective COX-2 inhibitors (coxibs) were introduced to the 
marketplace in the mid-1990s with a promise of improved 
GI safety. Goldstein et al.5 reported that 2-week regimen with 
celecoxib, a selective coxib, caused less small intestinal injury 
than a regimen using naproxen. Selective coxibs were believed 
to be less injurious than nonselective NSAIDs in the small 
bowel as well as in the stomach, but Maiden et al.1 found no 
difference in the incidence of small intestinal injury between 
chronic users of nonselective NSAIDs and selective coxibs. 
Selective coxibs may not provide complete protection against 
GI toxicity. Selective coxibs are selective, but not exclusive, 
and thus have some COX-1 inhibitory activity. Further stud-
ies with large samples are needed to decide whether or not 
selective coxibs can entirely control GI toxicity.

Niwa et al.36 conducted a prospective, double-blind study 
of CE using a mucosal protective agent, rebamipide, in healthy 
subjects. It was found that subjects who received placebo had 
significantly more mucosal injuries in the small intestine com-
pared to those who received rebamipide. Mucosal protecting 
agents such as teprenone, rebamipide, and irsogladine showed 
protective effect against NSAID-induced small intestinal in-
juries according to animal experiments using rats; more speci-
fically, the increase in iNOS mRNA expression and myelope-
roxidase activity due to indomethacin was inhibited by pre-
treatment with these mucosal protecting agents.24

Several strategies have been tried to develop new compo-
unds with improved GI tolerability. Several companies are de-
veloping drugs that co-release an NSAID (naproxen, aspirin, or 

ibuprofen) and a PPI (omeprazole, esomeprazole, or lanso-
prazole); these compounds are already filed with the FDA or 
in very late stages of development.37 These compounds have 
been shown to reduce the incidence of NSAID-induced gas-
tropathy but not enteropathy.

Significant part of NSAIDs’ GI injury mechanism is related 
to their topical irritancy. PLx Pharma Inc. (Houston, TX, USA) 
has taken a strategy to reduce the topical irritant property of 
NSAIDs and has developed NSAIDs that are associated with 
phosphatidylcholine.38 Extensive animal works have demon-
strated that phosphatidylcholine-NSAIDs are less likely to 
damage the GI epithelium in rodents, and produce less se-
vere mucosal injury while retaining the anti-inflammatory 
effects of the parent NSAID. In a randomized, double-blind, 
endoscopy study, ibuprofen preassociated with phosphatidyl-
choline showed superior GI toxicity than an equivalent dose 
of ibuprofen in the subgroup of patients older than 55 years.39

The discovery that nitric oxide (NO) is a potent gastropro-
tective substance that modulates many aspects of GI mucosal 
defense led to the development of NO releasing NSAIDs, 
which are also referred to as COX-inhibiting NO donors.40 
The compound has shown improved GI tolerability in some 
but not all clinical trials. Like NO, hydrogen sulfide (H2S) has 
been shown to exert protective effects in the GI tract and to 
accelerate the healing of preexisting ulcers. H2S-releasing 
NSAIDs, derivatives of naproxen, diclofenac, and indometh-
acin have been reported.41-43 Phosphatidylcholine associated 
NSAIDs as well as NO- and H2S-releasing NSAIDs are under 
extensive preclinical testing for their influence on NSAID-
induced enteropathy. Further studies are warranted to devel-
op promising new NSAID with total GI (upper and lower GI 
tracts) tolerability and without cardiovascular toxicity.

CONCLUSIONS 
 
NSAIDs are one of the most commonly prescribed drugs 

in the world for analgesic and anti-inflammatory properties. 
Previous studies have focused primarily on upper GI events; 
but recently, NSAID-induced enteropathy has gained much 
attention due to the introduction of new emerging diagnostic 
modalities, CE and device assisted enteroscopy. Lower GI 
events accounted for 40% of all serious GI events in patients 
taking NSAIDs.14 CE studies have demonstrated NSAID use 
in healthy volunteers raised the incidence (55% to 75%) of 
intestinal damage.1-6 Unfortunately, however, PPI can’t pro-
tect NSAID-induced intestinal injuries below Treitz liga-
ment; Selective coxibs improved upper and lower GI safety 
according to results of clinical trials,23 but coxibs are still ca-
pable of triggering GI adverse events and are still concerned 
to be associated with cardiovascular toxicity issues. Thus, there 
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is still a strong clinical need for effective anti-inflammatory 
drugs with superior safety profiles than the existing NSAIDs.
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