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Abstract
AIM: To summarize clinical, endoscopic, radiologic 
and pathologic features of special diaphragm-like stric-
tures found in small bowel, with no patient use of non-
steroidal anti-inflammatory drugs (NSAIDs).

METHODS: From January 2000 to December 2009, 
5 cases (2 men and 3 women, with a mean age of 
41.6 years) were diagnosed as having diaphragm-like 
strictures of small bowel on imaging����������������  , �������������� operation and 
pathology. All the patients denied the use of NSAIDs. 
The clinical, endoscopic, radiologic and pathologic find-
ings in these 5 patients were retrospectively reviewed 

from the hospital database. Images of capsule en-
doscopy (CE) and small bowel follow-through (SBFT) 
obtained in 3 and 3 patients, respectively, and images 
of double-balloon enteroscopy and computed tomogra-
phy enterography (CTE) obtained in all 5 patients were 
available for review.

RESULTS: All patients presented with long-term (2-16 
years) symptoms of gastrointestinal bleeding and vary-
ing degrees of anemia. There was only one stricture 
in four cases and three lesions in one case, and all the 
lesions were located in the middle or distal segment of 
ileum. Circumferential stricture was shown in the small 
bowel in three cases in the CE image, but the capsule 
was retained in the small bowel of 2 patients. Routine 
abdomen computed tomography scan showed no other 
abnormal results except gallstones in one patient. The 
lesions were shown as circumferential strictures ac-
companied by dilated small bowel loops in the small 
bowel on the images of CTE (in all 5 cases), SBFT (in 
2 cases) and double-balloon enteroscopy (in all cases). 
On microscopy, a chronic inflammatory infiltrate and 
circumferential diaphragm were found in all lesions.

CONCLUSION: Diaphragm-like strictures of small 
bowel might be a special consequence of unclear dam-
aging insults to the intestine, having similar clinical, 
endoscopic, radiologic and pathologic features.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Many medications, diseases and processes may cause 
insult to the small bowel and result in strictures of  the 
bowel cavity, such as potassium chloride tablets, surgical 
anastomoses, radiation, ischemia, Crohn’s disease, tuber-
culosis, eosinophilic enteritis, lymphoma, etc.

Diaphragm disease was first defined by Lang et al[1] in 
1988, who described the pathologic findings of  non-spe-
cific small-bowel disease in patients taking non-steroidal 
anti-inflammatory drugs (NSAIDs). The mucosal dis-
ease caused by these drugs in the small bowel is termed 
NSAID enteropathy. The abnormalities of  NSAID en-
teropathy include inflammation, erosion, fibrosis, stric-
ture, perforation, and formation of  diaphragm disease. 
The most frequent manifestations are iron-deficient 
anemia, acute hemorrhage, perforation and obstruction 
of  the small bowel. Many studies have reported cases 
with multiple diaphragm-like strictures in the whole gas-
trointestinal tract that are associated with the chronic use 
of  NSAIDs[2-6]. In contrast, from the references we can 
find, only one reported case with small bowel diaphragm 
disease is not associated with the use of  NSAIDs[7]. Mul-
tiple diaphragm-like strictures emerged in the ileum and 
jejunum at different times in this patient and he under-
went three surgical operations.

Here, we report on a group of  5 patients who pre-
sented symptoms of  gastrointestinal bleeding and char-
acteristics of  diaphragm-like strictures of  small bowel 
that were not attributable to the utilization of  NSAIDs. 
The purpose of  this study was to summarize the clinical, 
radiologic, endoscopic and pathologic features of  these 
special diaphragm-like strictures of  small bowel.

MATERIALS AND METHODS 
Ethics
This work has been carried out after receiving the ap-
proval from our institutional review board. All patients 
were not individually asked for consent to be included in 
this study, but each patient in the study did agree to the 
retrospective use of  their medical records and images for 
research purposes during treatment at our hospital.

Patient data
From cross-referenced records in the Departments of  
Gastroenterology, Radiology and Pathology at Ruijin 
Hospital, Shanghai Jiao Tong University School of  
Medicine, Shanghai, from January 2000 to December 
2009, 5 patients were identified with clinically confirmed 

diaphragm-like strictures of  small bowel. All the 5 pa-
tients denied the use or prescription of  NSAIDs, which 
was confirmed by their family members and medical 
history records. These 5 patients included two men and 
three women. Clinical data from the patients includ-
ing sex, age, hemoglobin level, white blood cell (WBC) 
count, C-reactive protein (CRP) level and major onset 
symptoms were obtained from the hospital database and 
most information is shown in Table 1. All cases under-
went removal of  the lesions by laparoscopically assisted 
enterectomy. 

Endoscopic procedure
Capsule endoscopy (CE) was performed in 3 patients 
(cases 1, 2 and 5). The small bowel capsule, manufac-
tured by Given Imaging (Yoqneam, Israel) measures 
11 mm × 26 mm and weighs 3.7 g. The camera in the 
capsule moves through the gastrointestinal (GI) tract via 
peristalsis and transmits 2 images per second to a data 
recorder located on the waist of  the patient. 

All 5 patients underwent double-balloon endoscopy 
(Fujinon, En-450P5/20, Fujinon Inc, Saitama, Japan). 
When the location of  the lesion could be predicted in 
advance by the color of  the feces or other examination 
findings, an insertion approach close to the lesion was 
selected, either oral or anal. When the location could 
not be predicted, the anal approach was selected first, in 
principle. However, whether the responsible lesion was 
specified or not by the first insertion approach, insertion 
with the other approach was performed later to observe 
the entire small bowel.

All the images were reviewed by two gastroenterolo-
gists who had no knowledge of  the final radiologic, endo-
scopic, or pathologic findings. The endoscopic evaluation 
included number, location, size, shape, color and texture. 

Radiologic examination
Routine abdominal computed tomography (CT) scan was 
performed in one patient. CT enterography (CTE) was 
performed in all five patients. For CTE examination, all 
patients underwent an intestinal preparation according to 
the following plan: the day before a light diet free of  fruit 
and vegetables; 500 mL of  a mixture of  Sennosides and 
tea at 5:00 pm, another 500 mL followed at 6:00 pm. All 
patients accepted oral administration of  2.5% mannitol 
solution (1500-2000 mL) over 30-45 min. Thirty minutes 
after oral administration, CT scans were performed on a 
multi-slice multidetector computed tomography (MDCT) 
scanner [two patients had scans performed on a 16-slice 
MDCT scanner (LightSpeed-16, GE Medical Systems, 
Milwaukee, WI) and the other three patients were on a 
64-slice MDCT scanner (LightSpeed Volume CT, GE 
Medical Systems, Milwaukee, WI)]. Section thickness 
ranged between 5 mm and 7.5 mm. Intramuscular injec-
tion of  20 mg anisodamine was administered 10 min 
before CT scan. After unenhanced CT scan, all patients 
received an intravenous injection of  1.5 mL/kg of  iohexol 
(Omnipaque300; Amersham, Shanghai, China) at a rate 
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of  3 mL/s. Contrast-enhanced CT images were acquired 
in arterial phase (25-30 s) and venous phase (60-65 s). 
Multiplanar reconstructions and maximum intensity pro-
jection were performed at the workstation (ADW4.2 and 
ADW4.4).

In addition, small-bowel follow-through (SBFT) 
was performed in 3 patients (cases 2, 4 and 5). Selective 
mesenteric angiography examination and bowel isotope 
scans using 99mTc-labeled red blood cells (99mTc-RBC) 
were also performed for case 2.

The radiologic images were reviewed in consensus by 
two radiologists who had no knowledge of  the final en-
doscopic, radiologic, or pathologic results. At the work-
station, the CT images from each patient were reviewed 
to analyze the following criteria: (1) location of  lesion; (2) 
number of  lesions; (3) thickness of  bowel wall; (4) lu-
men cavity; (5) mesenteric vessels; and (6) lymph nodes. 

At non-enhanced CT, attenuation in the lesions was clas-
sified as hypodense, isodense, or hyperdense compared 
with the normal bowel wall. After contrast enhance-
ment, the degree of  enhancement was classified into no 
enhancement, mild (10-20 Hu), moderate (20-50 Hu), 
or marked (> 50 Hu) enhancement. These findings were 
used to characterize the imaging and the gross pathologi-
cal features of  the lesions.

Pathological technique
All the specimens were fixed in 10% neutral-buffered 
formaldehyde solution and were embedded in paraffin 
wax. Hematoxylin and eosin staining was performed in 
all the pathologic specimens. All the pathologic speci-
mens were reviewed retrospectively by two pathologists. 
The macroscopic appearances of  each resected segment 
were analyzed with photomacrographs; the analysis in-
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 Case Sex Age at onset 
(yr)

Age at diagnosis 
(yr)

Past history Main symptoms Physical 
examination

HGB 
(g/dL )

WBC count
(×109/L )

GI bleeding Abdominal pain

  1 F 30 33 Gallbladder stone P P Normal 9.0 3.2
  2 F 48 64 No P P Normal 5.8-9.6 4.1
  3 M 24 26 Appendectomy P N Normal 10.9 5.3
  4 F 40 44 Hysteromyoma P P Normal 9.2 5.7
  5 M 32 41 No P N Normal 9.7 5.0

Table 1  Clinical data of study patients

F: Female; M: Male; P: Positive; N: Negative; GI: Gastrointestinal; HGB: Hemoglobin; WBC: White blood cell.

A B

Figure 1  Sixty-four-year-old woman presenting with 16 years of intermittent black stools. A: Circumferential stricture seen on capsule endoscopy image; B: Double-
balloon enteroscopy image shows an unusual diaphragm-like stricture in the ileum and the retained capsule; C: Computed tomography enterography image (oblique 
MPR) showing two diaphragm-like strictures and capsule retention in a dilated small bowel loop in the ileum (arrows); D: Diaphragm-like strictures and capsule retention 
in a dilated small bowel loop shown by small bowel follow-through (arrows); E: Longitudinal section of specimen containing laterigrade diaphragms and a retained capsule 
endoscope in the middle, and a laterigrade ulcer can be seen in one of the diaphragms (arrows).

E



cluded number, location, size, shape depth and edge.

RESULTS
Clinical information
All the 5 patients presented long-term (2-16 years) sym
ptoms of  gastrointestinal bleeding (hematochezia ap-
peared in case 4 and intermittent black stools occurred 
in the other four patients) and varying degrees of  ane-
mia, accompanied by obscure abdominal pain in three 
patients (cases 1, 2 and 4) (Table 1) and incomplete in-
testinal obstruction in one case. No significant changes 
were detected on physical examination, gastroscopy 
and colonoscopy. Three patients (cases 1, 2 and 3) were 
suspected of  having small bowel Crohn’s disease and re-
ceived mesalazine medication. However, this medication 
was ineffective in these cases. In addition, administration 
of  hemostyptic agents and iron supplementation elimi-
nated bleeding and improved the condition of  all pa-
tients. Three lesions were detected in case 2 and the re-
maining 4 cases had one lesion in the ileum. WBC count 

was not elevated and the proportion of  eosinophils did 
not increase in all cases. One patient had a CRP level test 
with normal result. All cases had removal of  the lesions 
by laparoscopically assisted enterectomy and remained 
well at 1 to 3.5 years follow-up with no signs of  gastro-
intestinal bleeding.

Endoscopic findings
On the images of  capsule endoscopy, a mild circumfer-
ential stricture in the ileum was shown in two lesions 
which the capsule could pass through (Figure 1A). In 
another two cases, the capsule was stopped by markedly 
circumferential stricture of  the lumen.

All the 7 strictures in five patients were found in the 
double-balloon enteroscopy (DBE) examination under-
gone by all five patients. All lesions appeared in the middle 
or distal segment of  ileum which was about 80 cm to 
150 cm away from the ileocecal valve and the scope could 
pass through. Circumferential ulcers or erosions with clear 
margin on the surface of  stenoses were found in all le-
sions. All ulcers were covered by faint white mucous exu-
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 Case n Location (distance to ileocecal valve)
(cm)

Type of lesion Stricture Edema in mucosa Pass-through of scope

Mild to moderate Severe

  1 1 80 Ulcer 1 0 P P
  2 3 100-115 Ulcer and erosion 1 2 P P
  3 1 100 Ulcer 1 0 P P 
  4 1 80 Ulcer 1 0 P P
  5 1 150 Erosion 0 1 P P

Table 2  Data of enteroscopic findings

P: Positive; N: Negative.
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Figure 2  Thirty-one-year-old woman presenting with a 
3-year history of recurrent episodes of abdominal pain, 
incomplete intestinal obstruction and intermittent black 
stools. A: Double-balloon enteroscopy image showing circum-
ferential diaphragm-like stricture in the ileum (arrow); B: Com-
puted tomography enterography image (oblique multiplanar 
reconstruction) showing mild bowel expansion in the ileum 
with a diaphragm-like stricture in the middle (arrow); C: A 
diaphragm-like stricture in the middle can be seen in the iliac 
specimen; D: Longitudinal section of specimen containing a 
laterigrade ulcer.
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dates. Congestion and edema in the neighboring mucosa 
and dilated small bowel loop adjacent to the stricture were 
also observed in all lesions (Table 2, Figure 1B, 2A and 
3A).

Radiologic findings
Routine abdominal CT scan was performed in only one 
patient and showed no other abnormal results except 
gallstones. The main features of  diaphragm-like stric-
tures of  small bowel seen at CTE include thickening of  
bowel wall, circular stricture in the middle or distal seg-
ment of  the ileum and dilated small bowel loop adjacent 
to the stricture. These features were observed in three 
patients. In case 2, only two out of  three lesions were 
detected by CTE. A minor stricture could not be shown. 
In case 3, CTE could only show the thickened bowel 
wall, the significant dilated small bowel loop and several 
enlarged lymph nodes. However, the stricture was not 
shown in CT images. Bowel wall thickening appeared as 
mild, symmetrical isodensity with respect to the normal 
bowel wall with homogenous and moderate contrast en-
hancement. The thickened wall ranged from 2.5 mm to 
5.0 mm in thickness and reached 7.0 mm in one lesion 
(case 2) which turned the lumen into a tight stricture and 
caused retention of  the capsule. The diameter of  the lu-
men in the dilated small bowel loop ranged from 2.7 cm 
to 5.0 cm in 4 patients and reached 7.0 cm in one case 
(Table 3, Figure 1C, 2B, 3B and C). There was no abnor-
mality in the mesenteric vessels.

SBFT was performed in 3 patients (cases 2, 4 and 
5). Two strictures in case 2 and 1 stricture in case 5 with 
dilated bowel loop were observed (Figure 1D). The 

pass-through of  barium was blocked and stenoses of  
the lumen were still at the fixed location at a later time 
point observation after compression. Capsules floated 
in the dilated small bowel loops and could not move to 
the bottom with the downward movement of  barium. 
Selective mesenteric angiography was performed in case 
2 and showed no positive findings. One bowel isotope 
scan using 99mTc-RBC revealed intestinal bleeding in the 
distal ileum.

Pathologic findings
On gross examination, circumferential strictures were 
found in all the lesions of  the resected small intestine 
in all five patients. These strictures were perpendicular 
to the long axis of  the intestine. The lesions appeared 
as laterigrade diaphragms with laterigrade pittings in the 
mucosa, 0.2 cm to 0.5 cm in width, with edema in the 
neighboring mucosa in the longitudinal section of  the 
specimens in four lesions from four patients (cases 1, 
2, 3 and 4) (Figure 1E, 2C and D). They were approxi-
mately 0.5 cm in width in case 5 and in two lesions of  
case 2. Edema in the neighboring mesentery and en-
largement of  several lymph nodes were found in case 3. 
No abnormality was shown in the adjacent mesentery in 
the other cases. On microscopy, a chronic inflammatory 
infiltrate was found in all five subjects. Depth of  ulcer 
reached to the muscularis propria in local areas in cases 
1 and 2. The ulcer was limited to the submucosa in cases 
3 and 4. Villous adenomatous hyperplasia in the mucosal 
layer was found in case 5 and in two lesions of  case 2. 
Moderate local inflammatory cell infiltration was found 
in the submucosal layer of  cases 1, 5 and two lesions of  
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Figure 3  Forty-four-year-old woman presenting with a 
4-year history of recurrent episodes of hematochezia 
and abdominal pain. A: Double-balloon enteroscopy image 
showing circumferential stricture in the ileum; B: Computed 
tomography (CT) plain scan image showing mild bowel wall 
thickening and circumferential stricture of the lumen in the 
ileum (arrow); C: Contrast-enhanced CT scan image show-
ing that contrast enhancement of thickened bowel wall is 
homogenous and moderate (arrow); D: Blood vessel with 
thickened wall and expanded lumen shown in the submu-
cosa (hematoxylin and eosin, orig. mag × 40).

A B

C D



case 2. Inflammatory cell infiltration was obvious and 
reached to the serosa in cases 3, 4 and one lesion of  case 
2. Fibrosis in the submucosal layer was mild in cases 1 
and 2 and moderate in cases 3 and 4 (Table 4). The rup-
ture of  the muscularis mucosa under the ulcer was also 
found in case 3. Specifically, proliferation of  blood ves-
sel with thick wall and expanded lumen appeared in the 
submucosa and distorted muscularis propria in two cases 
(cases 3 and 4) (Figure 3D). Granulomatous lesion was 
not found in any patient. No cytomegalic inclusion asso-
ciated with cytomegalovirus (CMV) infection was found 
in any lesion.

DISCUSSION
This retrospective study showed the clinical, endoscopic, 
radiologic and pathologic features of  distinctive small 
bowel diaphragm-like strictures. All patients presented 
with long-term (2-16 years) symptoms of  gastrointestinal 
bleeding and varying degrees of  anemia. All cases were 
not associated with the use of  NSAIDs and had similar 
clinical, endoscopic, radiologic and pathologic features.

The cause of  these special diaphragm-like stric-
tures remains uncertain. Diaphragm disease induced by 
NSAIDs characterized by inflammatory strictures of  
the small intestine has previously been recognized as an 
uncommon complication of  NSAID enteropathy[1]. The 
abnormalities of  NSAID enteropathy include inflamma-
tion, erosion, fibrosis, stricture, perforation, and forma-
tion of  diaphragm disease. Diaphragm disease most fre-
quently affects the ileum. It can also affect the jejunum 
and colon, as well as stomach and duodenum. There 
are usually multiple diaphragms. The depth of  ulcer is 
restricted to the submucosal layer and it never extends 
to the proper muscular layer[1-6]. Improvement in clini-

cal findings (signs and symptoms) and/or endoscopic 
findings appears on cessation of  NSAID utilization, ex-
cept for diaphragm disease. Diaphragm disease coupled 
with the use of  NSAIDs is a pathognomic feature of  
NSAID enteropathy because of  its non-specific histo-
logical findings[1-6]. Regarding clinical manifestations, 
the imaging findings in this study group share some 
common features with those observed in NSAID enter-
opathy, namely, concentric stenosis and circular ulcers. 
Diaphragm-like strictures in our study group are, how-
ever, different to those induced by NSAIDs with regard 
to many aspects such as the location, number, fibrosis 
and the disease process (Table 5).

Santolaria et al[7] reported a male patient with dia-
phragm disease who had a 25-year history of  relapsing 
abdominal pain and edema and who did not have long-
term use of  NSAIDs. However, the symptoms and his-
tory of  this case were different to those in our group. 
Shimizu et al[8] reported a case with diaphragm-like stric-
ture of  the small intestine related to CMV infection. 
Multiple erosions and small ulcers in the ileum and a 
circumferential diaphragm-like stricture were seen in this 
patient, with increased C-reactive protein level, and a 
cytomegalic inclusion was found in the strictured lesion 
on biopsy. CMV infection usually occurs in immunosup-
pressed patients. In our group, immune response of  all 
patients was normal and no cytomegalic inclusion was 
found in pathology findings. Pasha et al[9] reported a case 
with eosinophilic gastroenteritis (EGE) mimicking dia-
phragm disease of  the small bowel. Multiple ulcerated 
stenoses were present and capsule retention occurred 
in this case. Mucosal eosinophilia (> 20/HPF) can be 
found in EGE cases, usually accompanied by increased 
level of  peripheral blood eosinophil count, signs which 
were not found in our group. Specifically, dilated blood 
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  Case Size1 (cm) Type Depth1 Inflammatory 
infiltrate

Fibrosis Mucosal 
atrophy

Thickening of
muscularis mucosa 

Edema in 
submucosa

  1 2.0 × 0.5 Ulcer Muscular layer Moderate Mild N Mild N
  22 2.0 × 0.2 Ulcer Muscular layer Severe Mild N Moderate N
  3 3.0 × 0.2 Ulcer Submucosa Severe Moderate N N P
  4 3.0 × 0.5 Ulcer Submucosa Severe Moderate N Moderate P
  5 2.0 × 0.5 Erosion Mucosa Moderate None N N N

Table 4  Data of histologic findings

1Means the size and depth of ulcer or erosion of specimen; 2Information of the most narrow lesion. P: Positive; N: Negative.
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 Case Location n Stenosis Lumen expansion Bowel wall Mesenteric 
vessels 

Lymph node 
enlargement

Thickness (mm) Attenuation Enhancement

  1 Ileum 1 P P 2.5 Isodense Moderate Normal N
  2 Ileum 2 P P 7 Isodense Moderate Normal N
  3 Ileum 1 N P 3 Isodense Moderate Normal P
  4 Ileum 1 P P 2.5 Isodense Moderate Normal N
  5 Ileum 1 P P 5 Isodense Moderate Normal N

Table 3  Data of computed tomography findings

P: Positive; N: Negative.



vessel with thickened wall appeared in the submucosa in 
two cases in our group. This was different to angiodys-
plasia or hemangioma, in which the dilated blood vessel 
usually has a thin wall. Moreover, the manifestations of  
CT angiography in arterial phase and DBE also excluded 
the existence of  vascular malformation. The history 
and pathologic examination of  the lesions also excluded 
other potential causes of  intestinal strictures, including 
use of  potassium chloride tablets, surgical anastomoses, 
radiation, ischemia, Crohn’s disease, tuberculosis, and 
lymphoma.

Diaphragm-like strictures can also be found in the 
small bowel in congenital cases in adults, though this is 
rare. Congenital atresias, diaphragm-like strictures or ste-
noses are well documented occurrences in the stomach, 
duodenum and small bowel. Small intestinal atresia/ste-
nosis most frequently affects the duodenum, followed 
by the jejunum, and least often the ileum, and can affect 
multiple sites of  the intestine[10-16]. Intestinal obstruction 
is described as the main symptom. Cases that occur in 
the ileum and lead to bleeding of  the small bowel have 
not been found in the literatures. All seven diaphragm-
like strictures of  the five cases were found in the middle 
or distal segment of  the ileum in our group. It may be 
possible that congenital diaphragm-like stenoses may 
firstly have existed in the ileum, inflammation and ulcers 
then occurring after a long-term limitation of  intesti-
nal motility in the stenoses and friction between food 
and stenoses. This could explain why there was only 
one lesion in most cases, the stricture was obvious even 
if  there was no marked fibrosis in the lesion, and the 
symptoms disappeared after operation. However, more 
evidence is needed to test this hypothesis.

Diagnosis of  special diaphragm-like strictures of  
small bowel in non-NSAID patients may be difficult. No 
significant findings were detected on physical examina-
tion. Routine abdominal CT scan in general could not 
show any abnormal results. CE, DBE, CTE and SBFT 
may be helpful in making a diagnosis and may facili-
tate preoperative evaluation of  the lesions. CE has been 
mainly used to evaluate patients with obscure GI bleed-
ing[17]. There have also been many reports demonstrat-
ing diaphragm-like strictures in CE examinations[18-20]. 
Sometimes, diaphragms may be misinterpreted as exag-
gerated plicae circulares. CE carries a risk of  obstruc-
tion in patients with tight stenoses. Therefore, it should 

not be used if  a stricture is present. DBE may show 
circumferential diaphragm-like strictures with ulcers or 
erosions. DBE has been used to successfully diagnose 
diaphragm disease in patients with GI bleeding and ileus 
in many literature reports[21-23]. DBE can also be used 
for treatment of  the diaphragm disease[22,23]. As there 
are no specific pathological changes, endoscopic biopsy 
could not help much in the diagnosis. Three patients 
in our study group were initially suspected of  having 
small bowel Crohn’s disease. CTE can show thickening 
of  bowel wall, dilated small intestinal loops and circular 
or diaphragm-like strictures. CTE can also show the ad-
jacent mesentery, mesenteric vessels and lymph nodes, 
which could help to exclude other potential causes of  
intestinal strictures[24-27]. Adequate distension of  the 
entire small intestine is crucial to display the lesions. It 
must be mentioned here that it is necessary to combine 
CTE with other inspections such as SBFT or DBE to 
make a correct diagnosis. This is due to the fact that the 
images of  CT are static and may misinterpret the lesion 
as plicae circulares especially when the bowel lumen is 
not distended completely. SBFT can show diaphragm-
like strictures with dilated small bowel loop in the ad-
jacent segment. The diaphragm lesions are thin and do 
not distort the bowel wall[28]. The greatest advantage of  
SBFT is its dynamic view of  the small intestine motility. 
The diaphragms which are not shown distinctly might be 
misinterpreted as exaggerated plicae circulares[3]. Mesen-
teric angiography may have no positive findings, which 
implies that the symptom of  recurrent gastrointestinal 
bleeding is not caused by mucosal vascular abnormalities 
or vasculitis, etc. Bowel isotope scan may be not informa-
tive and may only reveal the intestinal bleeding. Though 
there are many imaging examinations to help make a 
diagnosis, in some cases surgical intervention might be 
necessary to make the definitive diagnosis.

Our study had several limitations. For example, the 
sample size is small due to the rarity of  the disease. It is 
meaningless to conduct statistical analysis for this small 
number of  cases. In addition, the cases were a select 
surgical series which had radiological and/or endoscopic 
presurgical work-up. Obviously, non-surgical cases and 
those patients who did not have imaging or endoscopic 
work-up would have been excluded.

Although the number of  subjects was small, our 
results indicate that special diaphragm-like strictures 
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Table 5  Differences between diaphragm disease of non-steroidal anti-inflammatory drug-enteropathy and diaphragm-like strictures in 
study group

History Location n Fibrosis Lesions in other area of 
bowel

Disease process

  Diaphragm 
  disease

Long term 
NSAID use

Whole GI tract, most 
frequently in ileum

Multiple Obvious Exist, can be inflammation, 
erosion, fibrosis, stricture 

and perforation

Improvement in clinical findings 
by cessation of NSAID utiliza-

tion
  Diaphragm-like 
  strictures

No NSAID use Middle or distal 
segment of ileum

Usually single, no 
more than three

Mild or 
moderate

No Non-self-limiting

NSAID: ������������������������������ �� ������ ���� �����������������Non-steroidal anti-inflammatory drug; ���� �����������������GI: �����������������Gastrointestinal.
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characterized by ulcers and circular stenosis can also oc-
cur in the small intestine in patients without the use of  
NSAIDs and might be a special consequence of  unclear 
damaging insults to the intestine. They have similar clini-
cal, endoscopic, radiologic and pathologic features. The 
diaphragm-like strictures tend to be intractable because 
this is a non-self-limiting condition with little tendency 
toward mucosal healing. Currently, enterectomy of  the 
diseased bowel segment is the only useful therapy. Clini-
cians should be aware that small-bowel diaphragm-like 
strictures might be a cause of  chronic small bowel bleed-
ing in patients receiving no NSAID therapy.
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Background
Diaphragm disease induced by non-steroidal anti-inflammatory drugs (NSAIDs), 
as inflammatory strictures of the small intestine, has previously been recognized 
as an uncommon complication in patients taking NSAIDs. The most frequent 
manifestations are iron-deficiency anemia, acute small-bowel hemorrhage 
and perforation, and obstruction of the small bowel. However, diaphragm-like 
strictures in the small bowel can also not be associated with the use of NSAIDs. 
Here, the authors illustrate a group of five patients presenting with bleeding of 
small bowel and in whom diaphragm-like strictures in small bowel were present 
that were not attributed to NSAID use.
Research frontiers
Bleeding within the small bowel is often difficult to diagnose. Currently, the 
first diagnostic procedure in patients with small bowel hemorrhage is capsule 
endoscopy (CE) or double-balloon enteroscopy (DBE). CE has been mainly 
used to evaluate patients with obscure gastrointestinal (GI) bleeding, but car-
ries a risk of obstruction in patients with tight stenoses such as diaphragm-like 
strictures. DBE can show circumferential diaphragm-like strictures with ulcers 
or erosions and can also be used for treatment of the diaphragm disease. Con-
trast-enhanced computed tomography (CT) scanning is establishing itself as a 
rapid, noninvasive, and accurate diagnostic method in gastrointestinal bleeding. 
Arterial phase CT scanning is an excellent diagnostic tool for fast and accurate 
detection and localization of GI hemorrhage. The combination of a variety of 
inspection methods can help to confirm the diagnosis.
Innovations and breakthroughs
The unique aspect of this study is that it is the largest series of intestinal dia-
phragm-like strictures which are not associated with NSAID use. To the best of 
our knowledge, there are still no descriptions about the imaging features of this 
disease in the English literature. The results indicate that special diaphragm-
like strictures characterized by ulcers and circular stenosis can also occur in 
the small intestine in patients without the use of NSAIDs and might be a special 
consequence of unclear damaging insults to the intestine. They have similar 
clinical, endoscopic, radiologic and pathologic features and tend to be intrac-
table for this is a non-self-limiting condition with little tendency toward mucosal 
healing. Findings at endoscopic and radiologic imaging of this disease may help 
to make a diagnosis and facilitate preoperative evaluation of the lesions.
Applications 
Small-bowel diaphragm-like strictures characterized by ulcers and circular 
stenosis might be a cause of chronic small bowel bleeding in patients without 
NSAID therapy and might be a special consequence of unclear damaging insults 
to the intestine. They have similar clinical, endoscopic, radiologic and pathologic 
features. The diaphragm-like strictures tend to be intractable because it is a non-
self-limiting condition with little tendency toward mucosal healing. Currently, 
enterectomy of the diseased bowel segment is the only useful therapy. 

Terminology
Diaphragm disease is inflammatory strictures of the small intestine and is 
an uncommon complication of non-specific small-bowel disease, caused by 
mucosal and submucosal fibrosis and thickening in patients taking NSAIDs. 
Computed tomography enteroclysis (CTE) is to perform contrast-enhanced CT 
scanning and image post-processing after small intestine distension by admin-
istering a high volume of contrast medium into the small intestine orally or via 
a nasojejunal catheter. CTE can display the cavity and wall of small intestine, 
parenteral lymph nodes, mesentery, mesenteric vessels and the adjacent struc-
tures, etc.
Peer review
In this study, the authors summarized the characteristics of diaphragm-like stric-
tures of the small bowel without use of NSAIDs. Their report contained 5 cases 
and described the clinical, endoscopic, radiographic and pathologic features. 
Although there are many papers that have described diaphragm disease of the 
small bowel associated with NSAIDs, diaphragm disease unrelated to NSAIDs 
rarely exists in clinical settings. It is necessary to accumulate many more clini-
cal cases to reveal the clinical significance of this disease phenotype. Although 
this report is preliminary as it stands, it might see the light in this field.
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