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Abstract

Institutional review board statement: The study was
reviewed and approved by the Ethics Committee of Binzhou
Medical University.

AIM: To determine the possible predisposing factors
of bezoar-induced small bowel obstruction (BI-SBO)
and to discuss the diagnostic value of multi-slice spiral
computed tomography, particularly contrast-enhanced
scanning, in this condition.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: A total of 35 BI-SBO cases treated at
our hospital from January 2007 to December 2013
were retrospectively analysed. Complete clinical and
computed tomography (CT) data of the patients were
available and confirmed by surgery. SBO was clinically
diagnosed on the basis of clinical manifestations. Of
the 35 patients, 18 underwent abdominal and pelvic
CT planar scanning with GE 64-slice spiral CT and 17
underwent abdominal and pelvic CT planar scanning
with GE 64-slice spiral CT combined with contrastenhanced examination. Original images were processed
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using a GE ADW4.3 workstation to obtain MPR, CPR,
MIP and CTA images. The images of all patients were
evaluated by two abdominal imaging experts. The
main analytical contents of planar scanning included
intestinal bezoar conditions, changes in the intestinal
wall and changes in peri-intestinal conditions. Vascular
hyperaemia and arterial blood supply conditions at
a specific obstruction site and the distal end of the
obstruction site were evaluated through contrastenhanced examination.

DOI: http://dx.doi.org/10.3748/wjg.v21.i33.9774

INTRODUCTION
Small bowel obstruction (SBO) is a common clinical
disorder caused by various conditions. Common causes
include postoperative adhesions (60%-80%), volvulus,
intussusceptions, hernia, and tumours; bezoarinduced SBO (BI-SBO) is clinically rare, accounting for
[1-3]
approximately 4% of all SBO cases . Bezoars are
solidified substances formed by mixing indigestible
exogenous substances with other substances in the
gastrointestinal tract; bezoars are commonly found
inside the stomach but can enter the small intestine
via the pylorus. Bezoar impaction in the small intestine
likely causes SBO. BI-SBO cases are caused by small
intestine-originated bezoars; in general, the small
intestine of patients manifests common conditions,
[4,5]
such as stenosis, diverticulum or tumorigenesis .
Bezoar formation is related to various factors, such as
gastric motility disorders and gastrointestinal surgery.
However, clinical manifestations of BI-SBO are not
easily distinguished from intestinal obstruction caused
[2]
by other factors . As such, early surgical treatment
is an essential and feasible treatment option; delayed
treatment may significantly increase the incidence of
[6]
complications and mortality .
Imaging examination plays an important role in
the diagnosis of BI-SBO; for instance, multi-slice spiral
computed tomography (MSCT) can be applied not
only to accurately reveal causes, obstruction sites and
obstruction degree but also to determine co-existing
[5,6]
intestinal ischaemia or potential intestinal diseases .
Computed tomography (CT) images can also be used
by clinicians as reference to develop rational treatment
programs. With awareness of clinicians on BI-SBO
and timely MSCT examination, this condition can be
diagnosed in early stages and effectively treated.
However, contrast-enhanced MSCT scanning has been
rarely applied to diagnose BI-SBO. This study aimed
to identify the predisposing factors affecting bezoar
formation and to evaluate the diagnostic value of MSCT
scanning, particularly contrast-enhanced examination,
in BI-SBO; thus, clinical imaging and understanding of
this disease can be enhanced.

RESULTS: The proportion of males to females among
the 35 cases was 1:1.69 (13:22); median age was 63.3
years. The following cases were observed: 29 (82.8%)
cases occurred in autumn and winter and showed
a history of consuming high amounts of persimmon
and hawthorn; 19 (54.3%) cases revealed a history
of gastrointestinal surgery; 19 exhibited incomplete
dentition, with missing partial or whole posterior teeth;
26 suffered from obstruction at the ileum. A total of
51 bezoars were found in these patients, of whom
16 (45.7%) had multiple bezoars. CT planar scanning
of bezoars showed lumps with mottled gas inside
the intestinal cavity. Furthermore, 9 cases of bezoars
had envelopes and 11 cases were accompanied with
thickening of the distal wall of the obstructed bowel.
Scanning of 17 cases was enhanced; the results
revealed that the mesenteric blood vessels at the
obstruction site and the proximal site were dilated,
and a total of 7 cases were accompanied with distal
vascular dilation and intestinal wall thickening.
CONCLUSION: BI-SBO exhibits regional and seasonal
characteristics. CT planar and contrast-enhanced
scanning can be applied to diagnose and observe
vascular conditions in obstructed zones.
Key words: Small bowel obstruction; Bezoar; Multi-slice
computed tomography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bezoar-induced small bowel obstruction
(BI-SBO) is a relatively rare clinical condition. BISBO exhibits regional and seasonal characteristics.
This condition is associated with various predisposing
factors. Multi-slice spiral computed tomography planar
scanning can reveal intestinal bezoar conditions and
changes in the intestinal wall and peri-intestinal
conditions. Contrast-enhanced examination can further
reveal vascular conditions, such as vascular hyperaemia
and arterial blood supply conditions, in obstructed
zones.

MATERIALS AND METHODS
Clinical data

A total of 35 BI-SBO cases treated at our hospital
(Affiliated Hospital of Binzhou Medical College) from
January 2007 to December 2013 were retrospectively
analysed. Complete clinical and CT data of patients
were available. Of the 35 patients, 13 were male and
22 were female; the age of these patients ranged from
45 to 83 years, with a mean age of 63.3 ± 10.4 years.
SBO was clinically diagnosed on the basis of clinical
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analytical contents were considered: (1) intestinal
bezoar conditions, such as location, number, shape,
presence of an envelope and co-existence of a bezoar;
(2) changes in the intestinal wall based on intestinal
wall thickening, intestinal dilation and intestinal
ischaemia or infarction, among others; (3) changes in
peri-intestinal conditions, including mesenteric fuzzy
(i.e., mesenteric fat density increased) and ascites;
(4) contrast-enhanced examination mainly evaluated
vascular hyperaemia (i.e., whether the number
of mesenteric vessels increased or decreased and
whether or not lumen expansion occurred) and arterial
blood supply conditions at a particular obstruction
site and the distal end of the obstruction site. If the
two experts disagreed with a diagnostic opinion, a
consensus was obtained after further consultations
were performed.

Table 1 Predisposing factors of bezoar-induced small bowel
obstruction n (%)
Predisposing factor
Sex
Male
Female
Age (yr)
< 63
≥ 63
Symptom
Abdominal pain
Abdominal distension
Vomiting
Defecation and exhaust stopping
Physical sign
Fever
Abdominal protuberance
Abdominal tenderness
Tenderness and rebound Tenderness
Cords
Food intake before the onset
Persimmon, hawthorn, jujube
Uncertainty
Previous history
Stomach stone or bezoar treatment history
Gastroduodenal operation history
Other history of abdominal operation
Dental status
Teeth sound (partial denture)
Partial or total loss of posterior teeth

Case
13 (37.1)
22 (62.9)
15 (42.9)
20 (57.1)
23 (65.7)
35 (100)
15 (42.9)
12 (34.3)
7 (20)
29 (82.9)
9 (25.7)
9 (25.7)
7 (20)

RESULTS

29 (82.9)
6 (17.1)

Possible predisposing factors of BI-SBO

The patients’ clinical data are shown in Table 1.
The proportion of males to females among the 35
patients was 1:1.69 (13:22); median age was 63.3
years (with a range of 45 years to 83 years). Clinical
manifestations included all of the symptoms of acute
intestinal obstruction, particularly abdominal distension
(100%) and abdominal pain (65.7%); the most
common sign was the presence of an abdominal bulge
(82.9%). Three patients with acute obstruction suffered
from fever, tenderness at specific abdominal site and
rebound tenderness during physical examination.
The patients were subjected to emergent surgery
after they underwent abdominal and pelvic CT planar
scanning. Thirty-two patients received conservative
treatments, such as gastrointestinal decompression for
1 d to 7 d. After the corresponding examinations were
completed, 28 patients underwent open surgery, and 4
patients underwent gastrointestinal endoscopic bezoarbroken suction operations. The patients were followed
for three months; no recurrence was found.
A total of 25 patients exhibited a history of
abdominal surgery. Of these 25 patients, 19 under
went gastroduodenal surgery (3 cases of vagotomy
and pyloroplasty; 16 cases of gastrectomy and
gastrointestinal anastomosis, including 5 cases
of gastroduodenal anastomosis and 11 cases of
gastrojejunostomy), 3 underwent appendectomy, 2
underwent subtotal hysterectomy, and 1 underwent
post-traumatic splenectomy. Other medical histories
included 9 cases of diabetes (6 cases were subjected to
abdominal surgery and 3 other cases did not undergo
surgery) and 1 case of secondary hypothyroidism after
this patient was subjected to hyperthyroid surgery.
The following patients manifested dental conditions.
A total of 9 cases showed complete dentition (25.7%);
of these cases, 2 retained all of their teeth, 4 had
whole dentures and 3 exhibited partial dentures. A

3 (8.6)
19 (54.3)
6 (8.6)
9 (25.7)
26 (74.3)

manifestations (vomiting, abdominal pain, bloating,
blocked defecation and exsufflation). All of the patients
were diagnosed with BI-SBO through CT examination
and confirmed through surgical procedures, including
laparotomy and gastric or small intestinal endoscopybroken suction operations.

CT examination and image analysis

CT examination was performed using a GE 64-slice
spiral CT scanner (GE Lightspeed 64 VCT, United
States). Of the 35 patients, 18 underwent abdominal
and pelvic CT planar scanning and 17 patients
underwent abdominal and pelvic CT planar scanning
combined with contrast-enhanced examination.
None of the patients underwent intestinal CT visual
examination. In enhanced examination, a high pressure
syringe was used to inject 100 mL of a non-ionic
contrast agent (300 mg I Omnipaque; GE Healthcare,
Shanghai, China) via the cubital vein at an injection
rate of 3.5 mL/s. After the contrast agent was injected,
scanning was performed at 26 and 60 s; afterwards,
arterial and portal venous phase images were obtained,
respectively. The following CT scan parameters were
set: collimation, 5 mm; thickness, 5 mm; layer interval,
2.5 mm; reconstructed layer thickness, 0.625 mm;
120 kVp; and 250 mAs. Clinical data, original images
and images processed in a GE ADW4.3 workstation
(MPR, CPR, MIP and CTA) were recorded.
The images of all patients were evaluated by
two abdominal imaging experts; the following main
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10
9
8
7
6
5
4
3
2
1
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Table 3 Computed tomography findings of impaction bezoars
Signs

1

2

3

4

5

6

7

8

9

10

Bowel and perienteric
changes
Bowel wall thickening

11 12

t /mo

Figure 1 Monthly incidence of bezoar-induced small bowel obstruction.

Lumen dilatation proximal
to the obstruction
Intestinal infarction
Mesenteric haziness
Ascites
CTA changes
Mesenteric vascular
engorgement

Table 2 Impaction sites, concomitant bezoars and computed
tomography diagnosis
Impaction
site
(n = 35)
Duodenum
Jejunum

Ileum

Case

Impaction bezoars
Well delineated mass
in the intestinal lumen,
with a mixed density and
containing air

Concomitant Case, n
site
No
No
Stomach
Ileum
No
Stomach
Jejunum
Ileum

Total

1
6
2
1
12
3
3
7
35

CT confirmed, n
Impaction
bezoars

Concomitant
bezoars

1
6
2
1
12
3
3
7
35

0
0
2
1
0
1
3
7
14

17.1

Without
encapsulating wall

29

82.9

Obstruction and
proximal
With distal to the
obstruction

34

97.1

11

31.4

34

97.1

0
32
13
17
17

0
91.4
37.1

With encapsulating
wall

Obstruction and
proximal
With distal to the
obstruction

7

100
41.2

CT findings of BI-SBO

CT planar scanning revealed that the obstructed
bezoars appeared as lumps with clear edges inside the
intestinal cavity. The density of these bezoars revealed
varied results with mottled gas shadow inside the
cavity. In 3 cases of hawthorn bezoar, scattered highdensity seeds were obtained. In terms of morphological
characteristics, 26 were oval, 5 were tubular and 4
were round. The performance of coexisting bezoars
was similar to the obstructed bezoars. Only 6 (17.1%)
cases of single obstructed bezoars and 3 cases of coexisting gastroliths contained an envelope (Table 3).
CT images revealed that the 2 misdiagnosed gastrolith
cases were also covered by an envelope, whereas the
remaining bezoars were not covered by an envelope.
In terms of obstruction sites, 34 cases exhibited
proximal bowel dilation and 1 case occurred at the
bottom of the site subjected to surgical anastomosis
without evident proximal bowel dilation. All of the
patients showed a gas-liquid surface in the obstructed
proximal dilated intestine or stomach. A total of 34
cases manifested thickening in the obstructed zone
and proximal intestinal wall (97.1%) and 11 cases
showed thickening of the obstructed distal intestinal
wall. A total of 32 cases exhibited mesenteric fuzzy
(91.4%) and 13 cases contained a small amount of
ascites (37.1%).
Enhanced scanning revealed 17 cases of mesenteric
vascular congestion and dilation in the obstructed zone
and obstructed proximal end; of these 17 patients, 7
were accompanied with hyperaemia and thickening
of the obstructed distal vessel wall. The obstruction

CT: Computed tomography.

total of 19 cases exhibited incomplete dentition with
missing partial or whole posterior teeth.
BI-SBO may occur throughout a year, but this
condition is common from October to February, which
coincides with Chinese autumn and winter (29/35,
82.9%). Figure 1 shows the incidence of BI-SBO in
each month. Before the onset of BI-SBO, 29 patients
exhibited a history of consuming high amounts of
persimmon (15 cases), hawthorn (13 cases) and
jujube (1 case) under fasting conditions. Of these
patients, 3 revealed a history of gastrolith treatment
on 3 d to 9 d before the condition was manifested
(gastroscopic broken suction operation) and 6 did not
experience food intake-related conditions.
A total of 51 bezoars were found in the 35 BISBO patients, of whom 19 contained only one bezoar
and 16 revealed multiple bezoars (45.7%, Table 2).
The obstruction sites were the duodenum (1 case),
jejunum (8 cases) and ileum (26 cases). Co-existing
bezoars were located in the stomach (5 bezoars),
jejunum (3 bezoars) and ileum (8 cases). A total of 35
bezoars (100%) were accurately diagnosed through
CT examination, whereas 2 co-existing gastroliths
among the 16 co-existing bezoars were misdiagnosed.

WJG|www.wjgnet.com
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A

B

C

D

Figure 2 Representative case of a 50-year-old female with hawthorn small bowel obstruction. A: Computed tomography (CT) planar scan image showing
that the duodenum expanded and contained an oval bezoar with gas (arrow); B: MPR image revealing the shape of bezoars and gastroduodenal anastomosis;
anastomotic diameter was 4 cm (arrow); C: Peri-intestinal exudation and mesenteric vascular dilation of the distal end of SBO (arrows); D: Image displaying changes
after bezoar-broken suction operation is performed.

A

B

D

E

C

F

Figure 3 Representative case of a 58-year-old male with hawthorn small bowel obstruction. A: Contrast-enhanced examination result displaying the
gastroduodenal anastomotic stoma of the artery; B: Oblique MPR revealing an oval bezoar in the distal end of the jejunum with shadows of high-density seeds (arrow);
C: Sagittal reconstruction showing co-existing bezoar inside the ileum (arrow); D: Arterial phase image exhibiting the thickened and strengthened intestinal wall in the
distal end of the obstruction site (arrow); E: Portal venous phase image showing a significantly enlarged vascular shadow and blurred mesentery of the proximal end
of the dilated SBO intestine (arrow); F: CTA image revealing the thickening of the mesenteric blood vessel and peripheral exudation in the obstruction site (arrow).
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A

B

D

E

C

Figure 4 Representative case of a 60-year-old female with diospyrobezoar-induced small bowel obstruction previously subjected to gastrectomy and
gastrojejunostomy. A: Computed tomography (CT) planar scan image displaying the bezoar without an envelope inside the proximal end of the ileum; B: co-existing
gastric bezoar with an envelope (arrow); C: CPR image showing the dilation of the proximal end of the obstructed intestine, bezoar and distal wall thickening at the
obstruction site; D: Contrast-enhanced CT scan with an arterial phase image revealing a significant enhancement and thickening of obstruction regions and the distal
end of the obstructed intestine; blood-supplying arteries exhibited hyperaemia (arrow); E: CTA image showing the same mesenteric artery (arrow) that provides blood
supply for the transitional zone and the distal end of the obstruction site.

sites and distal end of the obstruction sites of these 7
patients were supplied with blood via one mesenteric
arterial branch (Table 3, Figures 2-5).

fruits and vegetables are rich in fibres, tannic acid and
lignins. When consumed at high amounts, tannic acid
is transformed from a monomeric form into a tannincellulose-protein complex via the actions of gastric
acid. This complex exhibits a concrete-like viscosity
and easily adhered to the gastrointestinal wall; a
viscous mass is formed and may be incarcerated
inside the gastrointestinal lumen, thereby causing
[12,19,20]
obstruction
. Furthermore, seeds of multiseed fruits, such as cactus fruit and fig, are prone
to accumulate inside the small intestine and form
obstructive lumps inside the intestinal cavity; as a
[12,13]
result, intestinal obstruction occurs
. BI-SBO can
affect individuals worldwide, although regional and
seasonal characteristics can be observed. Conditions,
such as persimmon and hawthorn stones, are more
common in subtropical and temperate regions than
in other regions; the onset of these conditions usually
occurs in autumn and winter. In this study, all of
the patients were located in the temperate zone; of
these patients, 82.9% were detected in autumn and
winter (31/35), and this finding is consistent with that
[12,17,21]
described in previous studies
.
In addition to the intake of large amounts of
cellulose materials, other possible risk factors include
history of gastrointestinal surgeries (such as vagotomy
and pyloroplasty, gastrectomy and gastrojejunostomy
or gastroduodenal anastomosis, and gastrointestinal

DISCUSSION
A bezoar refers to the coagulum formed inside the
digestive tract when indigestible exogenous substances
are mixed with other substances; this condition is
affected by several factors. Bezoars can be classified
into different groups according to component sources:
phytobezoar, trichobezoar, drug bezoar and lactic acid
bacterium bezoar. Among these groups, phytobezoar
[7]
is the most common type . Phytobezoar is commonly
found inside the stomach; partial phytobezoars may
enter the small intestine, thereby causing impaction
and complete SBO. BI-SBO is clinically rare, accounting
[1-3,8]
for approximately 4% of all SBO cases
. Bezoar
formation is not directly correlated with gender and
[1,9-11]
age
; furthermore, bezoar formation may be
affected by several factors, such as diet, anatomical
features, organic composition of the gastrointestinal
[7,8,12-16]
tract and functional disorders
.
In terms of diet, phytobezoar is mainly caused by
consuming high amounts of vegetables or fruits, such
as persimmon, hawthorn, date, prune, grape skin,
celery, mango, banana, cactus fruit, fig and mushroom,
[12,17,18]
which contain indigestible plant fibres
. These
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A

B

D

E

C

F

Figure 5 Representative case of a 71-year-old female with diospyrobezoar-induced small bowel obstruction. A and B: Computed tomography (CT) planar
scan image revealing oval bezoars inside the gastrointestinal anastomotic stoma and the distal end of the jejunal cavity; adjacent mesentery was slightly blurred; C:
The right rear end of the uterine bottom with a small amount of seroperitoneum (white arrow); D: MPR image showing the shape of a bezoar and a linear envelope
(solid arrow); E: Artery phase image displaying no thickening of the distal intestinal wall at the obstruction site but with significant enhancement; F: CTA image showing
different mesenteric arteries (dotted arrow) that provide blood supply for the transitional zone and the distal end of the obstruction site.

stoma anastomosis), gastric motility disorders caused
[2,5,22,23]
by various factors and poor dentition
.
Vagotomy and partial gastrectomy can reduce
gastric acid secretion, resulting in a weakly acidic
environment and decrease in gastric motility; thus,
removal of undigested solids from the stomach is
likely delayed, thereby causing high amounts of
viscous contents to form inside the stomach, which
[12]
is prone to bezoar formation . Gastroenterostomy,
gastrojejunostomy or pyloroplasty can expand the
outlet of the stomach; as such, undigested vegetable
or fruit fibre lumps inside the stomach easily enter and
form obstructive lumps in the small intestine, thereby
[12,16,19,24,25]
causing incarceration and obstruction
. After
gastroenterostomia occurs, the stricture of anastomotic
[12,16,25]
stoma is a possible cause of bezoar formation
.
In this study, 19 patients, including 11 cases of major
gastrectomy plus gastrojejunostomy and 5 cases of
major gastrectomy plus gastroduodenal anastomosis,
revealed a history of gastrointestinal surgery. This
high incidence of gastroenterostomia is similar to that
[12]
[19]
recorded by Bedioui et al . Ho et al
and Ulusan et
[24]
al also summarised the surgical histories of patients
with BI-SBO, but relationships between different
surgical methods and BI-SBO have not been reported.
The hypodontia of posterior dentition or dentural
malocclusion likely affects chewing functions; as a

WJG|www.wjgnet.com

result, chewing and digestion disorders related to
fibrous food occur; thus, lumps in the gastrointestinal
tract can be easily formed and the probability of
[15,22]
SBO occurrence possibly increases
. In this
study, patients with partial or complete hypodontia
of posterior dentition exhibited a significantly higher
incidence of SBO than those with complete dentition;
this result indicated that dentition status affects the
incidence of BI-SBO. Similar to other studies, our study
showed that diabetes, hypothyroidism, pernicious
anaemia, kidney failure, postoperative bowel adhesions
and other diseases can indirectly affect gastrointestinal
[17,25,26]
motility and emptying; thus, BI-SBO occurs
.
BI-SBO usually occurs at the narrow part of the
small intestine, in particular, the distal end of the ileum
is the most common site, especially at 50 cm to 70
cm away from the ileocaecal valve. This condition
commonly occurs at this site because the lumen of
this small intestinal segment is narrow. Thus, bowel
movements are slowed down, and a large amount
of water inside bezoars is absorbed and motility is
reduced. The jejunum is the second most common
[27,28]
site
. In this study, 9 cases of BI-SBO were
found in the jejunum and 26 cases were detected
in the ileum; this finding is consistent with that des
cribed in previous studies. Considering patients’
histories of gastrointestinal surgery, we found that
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the obstructive sites of BI-SBO may be related to the
size of gastrointestinal anastomosis. On one hand,
a large anastomotic size (diameter ≥ 30 mm) may
easily cause a high incidence of SBO. This condition is
possible because a large gastrolith mat easily enter the
small intestine via the anastomotic stoma and cause
incarceration in the corresponding luminal stenotic
site; in particular, a bezoar with a diameter greater
than that of the small intestine may easily form
incarceration at a region closer to the anastomotic site.
On the other hand, a small anastomotic stoma likely
results in a low incidence of SBO. This condition is
possible because a gastrolith larger than anastomotic
stoma cannot easily enter the small intestine via the
anastomotic stoma; thus, gastrolith enlarges in the
stomach. By contrast, a small gastrolith easily enters
the small intestine and gradually forms a large bezoar
with slow intestinal movements; for instance, patients
with reduced gastrointestinal motor functions exhibit
reduced bezoar movement. Thus, obstruction sites
are often found away from anastomotic sites. In this
study, the patient with gastroduodenal anastomosis
exhibited the largest SBO site. This patient revealed
a wide anastomotic stoma (diameter = 40 mm). The
obstruction site was located beneath the anastomotic
stoma and above the duodenal papilla. Patients with
BI-SBO exhibited co-existing bezoars in other parts,
in addition to the obstructive bezoar; co-existing
bezoars could be found in any part of the stomach
and the small intestine. Approximately one-third of
the patients also have gastroliths; these residual
co-existing bezoars may be the main reason for
recurrence after patients undergo surgery to remove
[5,10]
bezoars from the small intestine
. In this study,
16 (45.7%) patients showed co-existing bezoars, of
whom 5 manifested co-existing gastroliths. This ratio
was lower than that documented in a previous study.
Only 3 patients underwent gastroscopic bezoar-broken
suction operation 3 d to 9 d before disease onset;
thus, SBO may be caused by bezoar residue or debris
that formed after surgery is completed.
The clinical manifestations of BI-SBO may vary
according to different bezoar sizes, obstruction sites
and degrees; the most common manifestations are
complete mechanical intestinal obstructions, such as
abdominal pain, bloating, nausea and vomiting. The
diagnosis of BI-SBO based on clinical symptoms may
delay surgical treatment and increase morbidity and
[2,22]
mortality
. If BI-SBO patients revealed histories
of gastrointestinal surgery or laparotomy, clinicians
may initially consider adhesive intestinal obstruction
and implement conservative treatments, which
may adversely affect illness. Therefore, appropriate
examination methods should be selected to diagnose
BI-SBO in early stages and clinical treatments should
[19,22,24]
be promptly administered
.
Imaging examination is the main basis of SBO
diagnosis. Abdominal X-ray, barium enema, abdominal
ultrasound and endoscopy have been applied to
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diagnose SBO, but these examinations exhibit poor
diagnostic accuracies and limitations. As such, the
[9,10,19,22]
clinical use of these techniques is limited
. MSCT
is characterized by several advantages, including fast
scanning speed, non-invasive procedure and volume
scanning. MSCT has become the preferred examination
method to diagnose SBO. CT yields a diagnostic
[29]
sensitivity for acute SBO of 73% to 95%
and an
[30]
accuracy of 83% . For BI-SBO, abdominal and pelvic
CT scanning can be applied to locate bezoar causing
SBO and obstructive degree, as well as co-existing
multiple bezoars, intestinal ischaemia, strangulation,
perforation or other potential intestinal diseases. In this
procedure, acute abdominal symptoms caused by other
causes are excluded; thus, right treatment options are
selected and most efficient surgical approaches are
[5,6,10,29-31]
determined
.
In CT planar scanning, bezoar appears as round,
oval or tubular masses with clear boundaries located
inside the intestinal lumen, although densities varied
and mottled gas density can be observed inside the
lumen. Some bezoars may be covered with ring
[5,9,31]
[13]
envelopes
. Altintoprak et al
reported that
bezoars contain a large amount of gas and show
wide intervals, as well as scattered high-density
[5]
seeds characterizing hawthorn bezoars. Kim et al
suggested that gastrolith surface contains one coating
layer of gastric mucosal secretions, which form a
gelatinous membrane and cover bezoar surface; this
membrane may be the encapsulating wall found in
CT images. In CT planar scanning, air and fat can be
identified by adjusting to a suitable window (WW500HU, WL-50HU); the processed and obtained MPR
image can then be used to observe intestinal bezoar,
wall thickness, dilation extension, changes in intestinal
[10,32]
perimeter and co-existence of bezoars
. Intestinal
oedema and bleeding caused by bezoar incarceration
can be used as “target signs”. CT target signs likely
prevent the passage of obstructive bezoar through the
intestines. As such, conservative treatments may not be
suitable or may eventually fail, and emergent surgery
[5]
is thus needed . In this study, 35 cases manifested
typical signs, and accurate diagnosis was performed
through CT planar scanning. However, 2 cases of coexisting gastrolith were misdiagnosed possibly because
of radiologist’s insufficient understanding of coexisting bezoars; observation was also not sufficiently
comprehensive. The results also showed that 3 cases
of hawthorn bezoar presented shadows of high-density
seeds, whereas 1 case of diospyrobezoar did not show
these high-density shadows. Furthermore, 5 cases of
co-existing gastroliths were covered with an envelope,
but the obstructive bezoars of the corresponding
cases did not show definite capsules. This finding was
[5]
explained by Kim et al . All of the patients in our
study showed no definite target signs.
Multi-slice contrast-enhanced spiral CT examination
(particularly in the arterial phase) combined with
post-processing technologies (MPR, CPR, MIP and
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CTA) can help identify lesion segments of the small
intestine, vascular anatomical and morphological
changes and intestinal ischaemia or infarction; the
combined technology can also be applied to observe
postoperative changes, including surgical methods,
anastomotic stoma and input and output loops; thus,
inductive factors, such as postoperative changes,
adhesions or diverticulitis, can be determined before
[21,24]
[33]
surgery is performed
. Geffroy et al
suggested
that a dilated ansa is not significantly enhanced
compared with an adjacent normal intestinal ansa
of patients with SBO; as such, this condition is a
[33]
specific sign of intestinal ischaemia. Geffroy et al
also demonstrated that CT planar scanning results
may provide a false indication that the strengthening
of lesion intestinal walls is normal when contrastenhanced images show that the density of a dilated
intestinal wall is increased (sign of ischaemia). As a
consequence, intestinal ischaemia is misdiagnosed
or diagnosed in late stages. In this study, the CTA
images of 17 enhanced examination cases showed
blood supply from mesenteric arterial branches and
anastomotic branches in the lesion regions. The
images also accurately revealed the obstruction site,
thickening and tortuosity of anastomotic blood vessels
of proximal dilated intestines, mesenteric perivascular
exudation, oedema and ascites of the distal end of
obstructive intestines; intestinal ischaemia or necrosis
signs, such as enhancement reduction, were not
found.
[5]
Kim et al considered that the thickening of the
distal small intestinal wall in the obstruction site is a
significant CT sign to determine the onset of basic
intestinal diseases in patients with phytobezoars.
However, this hypothesis should be further inves
tigated. In our study, 11 patients with thickened distal
small intestinal wall in the obstruction site did not
suffer from basic intestinal diseases; this finding is not
[5]
consistent with that obtained by Kim et al . Analysing
the CTA images, we found that the thickening of
distal small intestinal wall in the obstruction site may
be related to the blood supply of the mesenteric
branches; in other words, they are formed in proximity
to the obstruction site. Furthermore, intestinal swelling,
mesenteric vascular tortuosity and thickening and periintestinal secretion become evident when the distal
end of the obstruction site and the transitional segment
(located in the obstruction site between the dilated
intestine and the collapsed intestine) supply blood
for the same artery. By contrast, the inflammation
degree of the distal end of the obstructive intestine
likely decreases or swelling unlikely occurs when the
distal end of the obstruction site and the transitional
segment separately supply blood for the arterial branch
(or the transitional segment located at the junction
of two blood-supplying arteries); mesenteric vascular
tortuosity and thickening, as well as peri-intestinal and
perivascular exudation, are also unlikely evident.
In CT diagnosis, BI-SBO should be distinguished
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from intestinal faeces- and gallstone-induced
SBO. Bezoar and faeces related to SBO have been
described; for instance, lumps should be considered
as faeces if lumps inside the dilated intestines exhibit
several characteristics, such as long longitudinal
diameter, insufficient density in texture, no capsule,
found in the proximal end of obstruction sites and
floating-like properties. Lumps may be considered
as bezoars if intestinal masses are located in the
obstructive transitional zone, characterised by a
clear edge, and bubble-like mottled behaviour and
[5,10,30,32]
covered with an envelope
. The performance
of gallstone ileus is similar to that of bezoar and can
be accurately diagnosed on the basis of Rigler’s image
triad (SBO, pneumobilia and positive small intestinal
[31,34-36]
ectopic gallstone) and biliary-enteric fistula
. Few
bezoars may exhibit non-gas, solid soft tissue-density
lumps. With CT planar scanning, small intestinal
tumours or intussusceptions can be hardly identified;
with enhanced CT scanning or contrast-enhanced
examination, diagnosis can be confirmed.
The formation of bezoars may be related to various
predisposing factors; the onset of this condition in
patients is often simultaneously affected by many
factors. BI-SBO exhibits regional and seasonal
characteristics; thus, clinicians should understand
this feature to perform efficiently. BI-SBO also shows
characteristic CT signs; thus, diagnosis through
CT planar scanning is relatively easy based on the
observed performance. Abdominal and pelvic contrastenhanced CT examination can also efficiently reveal
intestinal lesions, peri-intestinal changes and bloodsupplying arteries; thus, this technique can help
clinicians administer early appropriate interventions
and improve patient outcomes.
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Background

Small bowel obstruction (SBO) is a common clinical condition caused by
various factors, including postoperative adhesions, volvulus, intussusceptions,
hernia or tumours. Bezoar impaction-induced SBO (BI-SBO) is a clinically rare
condition. Multi-slice spiral computed tomography (MSCT) plays an important
role in the diagnosis of BI-SBO.

Research frontiers

The use of MSCT scanning can help diagnose SBO, reveal causes, obstruction
site and obstruction degree and accurately determine co-existing intestinal
ischaemia or potential intestinal diseases.

Innovations and breakthroughs

BI-SBO exhibits regional and seasonal characteristics. This condition is
associated with various predisposing factors, such as gastric motility disorders
and gastrointestinal surgery. MSCT is a valuable technology to diagnose BISBO. The major advantage of contrast-enhanced examination is the ability to
observe vascular situations in obstructed zones, including vascular hyperaemia
and arterial blood supply conditions.

Applications

Predisposing factors can trigger susceptible groups to develop BI-SBO.
Contrast-enhanced MSCT examination can be applied to routinely observe
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vascular conditions of patients with SBO. Further research should be conducted
on SBO to promote the widespread use of MSCT.
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Terminology

A bezoar refers to the coagulum formed inside the digestive tract when
indigestible exogenous substances are mixed with other substances. A bezoar
can be classified into different groups according to component sources:
phytobezoar, trichobezoar, drug bezoar or lactic acid bacterium bezoar.
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This study is an original research that highlights the application of MSCT to
diagnose BI-SBO and simultaneously analyse predisposing factors.
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