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Abstract

Presently, CT is considered a first-line modality for evaluation of a variety of small and large bowel diseases.
A wide spectrum of intestinal wall morphologic and enhancement abnormalities can be seen with bowel disorders.
Once an abnormality is detected, the radiologist needs a systematic approach for determining the specific cause
of the intestinal abnormality. Bowel wall thickening may be related to several entities, including normal variants,

inflammatory conditions, and neoplastic disease.
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Introduction

The CT findings that needs to be analyzed when assessing
thickened bowel to differentiate benign and malignant lesions of bowel
wall we consider, pattern of attenuation; bowel wall thickness; extent
of lesion; degree of thickening symmetric, asymmetric with associated
peri enteric abnormalities.

The normal small-bowel wall is thin, measuring between 1 and
2 mm when the lumen is well distended. However, the thickness of
the normal small-bowel wall varies slightly depending on the degree
of luminal distention. As a result, different criteria have been used to
diagnose small-bowel wall thickening When the lumen of the small
bowel is distended, the wall is often not seen [1].

If the bowel is partially collapsed, the wall measures between 2
mm and 3 mm with symmetric thickness. In these cases, we compare
the degree of thickness of other similar distended segments to exclude
disorders.

Although subjective assessment and assignment of a bowel wall
attenuation abnormality to a category may prove challenging, this
approach will narrow the diagnostic possibilities. Supplemental
morphologic mural and regional factors provide specific diagnosis.

Materials and Methods

The retrospective study was carried out on patients during 2011-
2018 who underwent CT evaluation of abdomen for suspicion of bowel
pathology based on clinical grounds.

The examinations were performed using 64 slice CT system.
Somatom CT, Siemens Somatom Definitions, Germany. SIEMENS 16
slice spiral CT scanner. Scanning parameters: Voltage 120 kv, current
210 mA thickness 2 mm used. GE light speed 64 CT scanner. we review
the images at an initial window width of 250 HU and window level of
45 HU. CT scans are obtained from the dome of the liver to the level of
the perineum to cover the entire course of the intestine. Imaging with
the patient in the prone position is recommended to disperse the small
bowel loops.

The IV—contrast Ultravist 300 mg I/ml was used. Dose 2-2.5 ml/kg
at a rate of 2 mL/sec through a 20-gauge intravenous catheter.

Enhanced contrast scan was performed, in two or three phases,

with nonionic contrast agent and intravenous contrast, after injection
of contrast arterial phase was scanned after 25-30 secs. Venous phase
was scanned after 60-70 secs. Here many bowel wall observations may
be very subtle, scanning technique with CT technology is important in
differentiating intestinal abnormalities.

Study contents

Degree of bowel wall thickening: The small bowel wall should not
exceed 3 mm despite luminal distention.

e Mild 3-4 mm
e Moderate 5-9 mm
e Marked-more than or equal to 10 mm

Density of involvement: To identify the general density of the
thickening bowel wall lesions. The critical diagnostic observation
when the general pattern of thickening of small bowel folds, appears
perpendicular to the bowel lumen, parallel to neighboring fold,
distorted, not perpendicular to the lumen, show angle with respect to
neighboring folds:

¢ Symmetric
e Asymmetric

Length of involvement: The extent and location of bowel wall
involvement should be evaluated.

a. Focal: Less than 5 cm
b. Segment: 6-40 cm

c. Diffuse: >40 cm
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Enhancement pattern: We review the use of intravenously
administered contrast material to assess the pattern accurately describe
the five categories of attenuation patterns.

¢ Grey attenuation.
o White attenuation.
e Black enhanced.

e Water halo.

e Fat halo.
Results

In this study, 122 cases of benign and malignant lesions were
differentiated

In which 62 cases were male and 60 cases female, with age group
between the age 20 to 80-years-old, with mean age 52.7. The main
clinical symptoms were malaise, pain in abdomen, anorexia, loss in
weight.

In total 122 cases, there were total of 46 cases of malignant
bowel wall lesions and 76 benign cases

Of the total 122 cases, in 50 cases there was involvement of small
bowel while in 72 cases were involved in large intestine. Certain lesions
which extended towards the adjacent segment of bowel were classified
into the category where the major length of abnormal involvement was
seen.

In benign lesions, cases seen in small intestine, lesions seen
in duodenum-(22 cases, 18.03%), lesions seen in jejunum-(30
cases, 24.5%), lesions seen in Ileum-(10 cases, 8.1%)

Cases of lesions which are involved in large intestine, lesions seen
in ascending colon-(6 cases, 4.91%), lesions seen in Transverse colon-(2
cases, 1.6%), lesions seen in descending colon-(4 cases, 3.2%), lesions
seen in sigmoid colon-(2 cases, 1.6%), rectum-(2 cases, 1.6%).

Malignant lesions, cases seen as adeno carcinoma-(24 cases,
20.5%), lymphoma-(10 cases, 9.8%), carcinoids-(9 cases,
7.37%), malignant GIST-(3 cases, 2.4%)

Among malignant lesions which are seen in Involvement of small
intestine-(34 cases, 27.8%), large intestine (12 cases, 9.8%). lesions
which involved both small intestine and large intestine were 3 cases.

Mild bowel wall thickening was seen in total 37 cases, 37 cases
were benign, which was not specific for malignant cases

Moderate bowel wall thickening between (5-9 mm) in total 47
cases, 27 cases were Benign, 20 cases were malignant. Marked bowel
wall thickening in 38 cases, of size between (10 mm-20 mm) 12 cases
were benign, 26 cases were malignant.

Here, degree of thickening of lesions, mild, moderate, marked
criteria for all lesions were considered separately for all 122 individual
cases.

Asymmetrical bowel wall thickening seen in total 43 cases:
Out of which in 43 cases, were malignant, 1 case was seen in
benign cases

Here malignant lesions show 93% sensitivity, 51% specificity.
Symmetrical bowel thickening was seen in total 79 cases. Out of which

75 were benign and 2 cases were malignant. Here benign lesions show
98% sensitivity, 53% specificity.

Here symmetry, asymmetry of lesions was considered for all 122
cases separately.

In total 52 cases showing focal involvement of bowel, 37 cases
were in malignant group, 15 cases were benign

Here, malignant lesion cases show 80.4% sensitivity which is
sensitive to predict the lesion, lesions show 65% specificity. In total 34
cases showing segmental involvement of bowel, 24 were in malignant
group, 10 cases were benign. Here, malignant lesions show 52%
sensitivity, while the lesions show 95% specificity, which is highly
specific to show the malignancy of lesion. In total, 36 cases for Diffuse,
1 case was malignant and, 35 cases were benign. Here benign cases
show 48% sensitivity, 86% specificity which is highly specific to show
benignity of the lesions.

Here, focal involvement of lesion, show good sensitivity of 80.4%
to evaluate the malignant lesions. Segmental involvement of lesions
shows high specificity 95%, to evaluate the malignant lesions. Diffuse
involvement of lesions shows, 86% good specificity to evaluate the
benign lesions. Here, length of involvement, focal, segmental, diffuse
were also considered separately for all 122 individual cases.

Density of lesions with heterogenous enhancement seen in
total 53 cases, out of which 25 cases were malignant cause of
bowel wall thickening: 28 cases were benign lesions

Malignant lesions show 54.3% sensitivity, 93% good specificity.
Heterogenous enhancement shows highly specific for malignant
lesions Table 1. Homogenous enhancement was seen in 69 cases, 48
cases were benign, 23 cases were malignant. Benign lesions show 63.3%
sensitivity, 88% good specificity. Homogenous enhancement of lesion
shows highly specific for benign lesions. Homogenous, heterogenous
enhancement is also considered separately for all 122 cases.

Color patterns of enhancement

In grey pattern, total 55 cases, 47 cases were malignant, 8 cases
were benign, here malignant lesions show 97% specificity, 98%
sensitivity. Grey pattern of enhancement was highly sensitive and
specific marker to predict the malignant lesions. In white pattern,
total 39 cases, 39 cases were benign, there was no malignant case.
Here Benign lesions show 51.3% sensitivity, 95.1% specificity. White
pattern of enhancement shows good 95.1% specificity for benign
lesions. In black pattern, total 28 cases, 27 cases were benign, 1
case was malignant. Here benign lesions show 36% sensitivity, 57%
specificity. Black pattern of enhancement shows 57% specificity
for benign lesions. Here color pattern of enhancement was also
considered separately for all 122 cases.

S.no CT characteristics feature Sensitivity Specificity
1 Heterogenous enhancement 54.3% 93%
2 Moderate bowel wall thickening 42% 86%
3 Marked bowel wall thickening 55% 92%
4 Asymmetrical involvement 86% 54%
5 Grey pattern of attenuation 98% 97%
6 Focal involvement of lesion 80.4% 65%
7 Segmental involvement 52% 95%
8 Fat stranding 65% 92%

Table 1: Sensitivity and specificity of various CT characteristic features for labelling
malignant lesions.
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In benign group, fat halo pattern was seen in 1 case, it was not
seen in malignant group

Fat halo pattern is not sensitive enough for benign lesions. Fat halo
pattern is considered additional for 1 case in benign group.

Water halo pattern was noticed in 2 cases

In benign group 1 case of water halo pattern were seen. In
malignant group, water halo pattern was seen in 1 case. Water halo
pattern is considered additional for 1 case in benign group, 1 case in
malignant group. Water halo pattern in Malignant lesions shows 50%
specificity water halo pattern doesn’t show good sensitivity.

Associated CT findings like ulceration, necrosis, surrounding
fat stranding were also monitored

Out of 24 cases showing necrosis, all cases were considered in
malignant group.

Necrosis shows 50% sensitive for malignant lesions, 89%
specificity for malignant lesion

Ulceration was seen in 36 cases, belonged to the malignant
group: Ulceration shows 75% sensitivity, 95.6% specific for malignant
lesions. Ulceration shows good specificity for malignant lesions.

Fat stranding was seen in 36 cases, fat stranding was seen in 6
cases of benign group, 30 cases were seen in malignant group

Fat stranding shows 65% sensitivity, 92% specificity. Here fat
stranding was more specific for malignant lesions. Other additional
features like ulceration, necrosis, fat stranding these features were
considered additional on top of benign and malignant cases as
mentioned above.

Perforation seen as local complication in (48 cases, 39.3%)
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Figure 1: Relationship between 6 categories of degree of thickening, mild,
moderate, marked with both two types of benign and malignant lesion was
plotted in cluster box plot form.

out of which (44 cases, 36.06%) were in malignant group and
obstruction is seen as major complication in total (57 cases,
46.7%) out of which (42 cases, 34.4%) were malignant

Bowel obstruction was seen in adenocarcinoma-(24 cases, 19.6%),
lymphoma-(9 cases, 7.3%), carcinoids-(9 cases, 7.3%).

In total 122 cases, 10 cases were having ascitis, free fluid in
abdomen, 2 cases were in Benign category, 8 cases in malig-
nant group

Ascites shows 81% sensitivity, 62.5% specificity for malignant
lesions.

L] degree of thickening
12+ [ lesionthickness
107

I
| ‘ *
1
.
i
T T
benign malignant
type of lesion

Figure 2: Relationship between degree of thickness and lesion thickness of
both benign and malignant lesion.

more thant Omm—

Smm-10mm=|

7mm-9mm—

4mm-7mm=|

degree of thickening

3mm-dmm-|

up to 3mm=]

T T
henign maligrant

type of lesion

Figure 3: Degree of thickening in two types of both benign and malignant
lesion was plotted in simple box plot form.
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Figure 5: Adenocarcinoma lesions at duodenum with grey pattern of
attenuation.

Figure 6: Malignant GIST lesions,
extraluminal extension.

large, heterogenous lesions with

Mesenteric involvement was seen in malignant group, which
was not seen in benign cases. Mesenteric vessel involvement
was seen in 9 cases of malignant group

Mesenteric involvement shows 75% sensitivity, 67% specificity
for malignant group. Out of 122 cases, 80 cases showed lymph node
positive status. 4 cases were seen in benign group. Among malignant
group, 64 cases showed lymph node <1 cm diameter, while 12 cases
showed >1 cm diameter. Lymph node positive status shows 95%
sensitivity, 55% specificity for malignant lesions. Color patterns of
attenuation, grey, white, black is taken for each individual 122 cases,
Symmetry, asymmetry of lesion was also taken for each 122 cases,
SPSS 23.0 medical statistics software was used for statistical analysis.
Measured data were expressed as mean. The t-test was used for the
comparison between the two groups. The data were expressed as
frequency and percentage. We use SPSS Chi-square method, ANOVA
method. The Chi-square test was used for the difference test between
the groups where p<0.05 was statistically significant.

Relationship of degree of thickening in both benign and malignant
types of lesion was further studied. In Mild thickening (up to 3 mm)-15
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Figure 7: Malignant GIST lesion, in small intestine, heterogenous

enhancement.

Figure 10: Small intestine GIST lesions, homogenous lesions, with moderate

Figure 8: Benign lesions of ileum, GIST stromal tumors, homogenous, sharp
grey enhancement.

margins, large mass.
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Figure 11: Small intestine GIST lesions with homogenous lesions, mixed type
of enhancement.

Figure 12: Fat stranding seen, hyper enhancing inner ring, with outer fat
stranding layer.

cases of benign lesions were seen, 4 malignant cases. In mild thickening
from (3 mm-4 mm)-14 cases of benign lesions, 7 cases of malignant
lesion were seen Figure 1.

Figure 13: White bright hyper enhancing inner layer with scattered fat
stranding outside layer.

X?=0.7, p=0.3, Here p>0.05.

In moderate thickening from (4 mm-7 mm)-12 cases of benign
lesion, 7 cases of malignant lesions were seen. Moderate thickening
from (7 mm-9 mm)-10 cases of benign lesion, 11 cases of malignant
lesions were seen.

X?=0.9, p=0.3, here p>0.05.

In marked thickening from (up to 10 mm)-14 cases of benign
lesion, 10 cases of malignant lesions were seen. In marked thickening
from (more than 10 mm)-11 cases of benign lesion, 7 cases of malignant
lesions were seen.

X2=0.03, p=0.8, here p>0.05.

We box plot the above cases: Here, 6 categories of degree of
thickening in two types of both benign and malignant lesion was
plotted in cluster box plot form Figure 2. Median value of both benign
and malignant lesion is seen in interquartile range, in benign lesions, 6
different categories of mild, moderate, marked with two different sub
categories was studied as mentioned above. In benign lesion median
range of degree of thickness in interquartile range in each category is 2
mm, 3.6 mm, 5.1 mm, 8 mm, 9.5 mm, 10.7 mm respectively. Minimum
thickness whisker value in interquartile range is, 1.5 mm and maximum
are 11.1 mm. In malignant lesion, median range of degree of thickness
in interquartile range is 2.7 mm, 3.7 mm, 5.6 mm, 8.8 mm, 9.7 mm,
11.2 mm. Here maximum value is 11.88 mm, minimum value is 2.3
mm.

We use, spss software via ANOVA method to calculate the value,
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{=780.3, p=0.0, which is less than p value, p<0.05, which shows
statistically significant. so, we can say, median degree of thickness is
different in different categories rejecting the null hypothesis Figures
3-13.

From inter quartile range median value of degree of thickness is
in between 4 mm-7 mm in benign type of lesion. Here it shows degree
of thickness involved is more moderate type in benign lesion (Figures
4-13). While in malignant lesion, median value of degree of thickness is
in between 7 mm to 9 mm. Here it shows degree of thickness involved
is marked type in malignant lesion.

Discussion

Thickening of small bowel folds more than 3 mm can be caused by
any process that increases the volume of fluid or cells in the submucosal
or mucosal region. The critical diagnostic observation is whether
the general pattern of the thickening is symmetric or asymmetric.
Thickening of small bowel folds, which are perpendicular to the bowel
lumen and parallel to neighboring folds, is usually caused by fluid,
generally hemorrhage or edema. Irregular thickening of small bowel
folds is produced by diseases that infiltrate the bowel wall [1,2].

Symmetric thickening

Any cause of bleeding into the bowel wall can lead to uniform,
regular thickening of small bowel folds. The parallel arrangement
produces a symmetric, spike like configuration. There usually is
segmental involvement, especially of the jejunum. Concomitant
bleeding into the mesentery often results in separation of bowel loops
and even an eccentric mass simulating malignancy [1,3,4].

Asymmetric thickening

Infiltrative processes causing irregular thickening of small
bowel folds may be due to an infection, nonspecific inflammation,
or malignancy. Distinguishing among the many diseases that cause
this pattern requires an analysis of the site of the lesion, associated
radiographic findings, and clinical history [5,6].

Lymphoma shows small bowel involvement together with other
small bowel findings it includes isolated or multifocal polypoid masses,
circumferential infiltration of bowel wall, and neoplastic involvement
of adjacent mesentery and lymph nodes.

Attenuation of the thickened bowel wall

The attenuation pattern of a thickened segment of bowel wall is an
important criterion for establishing a differential diagnosis.

Homogeneous attenuation

The diagnosis of a thickened bowel wall that shows homogenous
attenuation on CT includes submucosal hemorrhage, infarcted
bowel lesions, neoplasm. Submucosal hemorrhage-The diagnosis
of submucosal intestinal hemorrhage is evaluated when CT shows
circumferential and symmetric bowel wall thickening [7,8]. On CT,
most cases of submucosal hemorrhage show homogeneous high
attenuation of the thickened segment. In most cases, the small bowel is
affected in a segmental distribution [9].

Infarction and ischemia

When the wall is ischemig, it is often circumferentially thickened
and may contain a target or halo configuration of attenuation. Chronic
Crohn’s disease and chronic radiation enteritis may show homogenous
attenuation on contrast-enhanced CT.

Neoplasm

Gastrointestinal neoplasms can present with homogeneous
attenuation of the thickened segment on contrast-enhanced CT. In
these instances, other criteria (degree; density of lesions; length of
involved segment; and associated peri enteric abnormal conditions)
are important in establishing the right diagnosis. In cases of neoplasm.
Smaller tumors present either as circumferential areas of bowel wall
thickening or as asymmetric areas of bowel wall thickening with
homogeneous enhancement [10,11].

Important

Malignant lesions can present with homogeneous attenuation of
the thickened segment on contrast-enhanced CT. In cases of malignant
lesions, homogeneous attenuation correlates with size of the tumor.
Thickening of the small bowel wall may be a neoplastic or nonneoplastic
condition. Neoplasms are usually short, asymmetric, and they tend
to have a chronic onset. In contrast, nonneoplastic small-bowel wall
thickening is usually long, uniform, and circumferential, with either
an acute onset or a chronic onset. On contrast-enhanced CT scans, the
chronic onset diseases, those lesions may have any of three appearances:
homogeneous soft-tissue attenuation and enhancing white attenuation
pattern or poorly enhancing gray attenuation pattern. Two concentric
rings of inner low attenuation and outer high attenuation double halo
sign and three concentric rings of high-low-high attenuation the
target or “water-halo” sign [12,13]. Double halo is composed of either
a higher-attenuation outer annular ring surrounding, other annular
ring of gray attenuation. The lower- gray attenuation layer of the water
halo sign represent, the edematous or hemorrhagic changes of the
submucosa, the amount of fat deposition [14].

Heterogenous

When the attenuation of a thickened bowel wall is heterogeneous,
the wall may display a stratified pattern or a mixed pattern of
attenuation [15]. The double halo and target signs usually indicate an
acute inflammatory or ischemic condition. The finding of stratified
attenuation in a thickened segment, is used mainly to exclude malignant
conditions.

The water halo sign indicates stratification within a thickened bowel
wall that consists of either two or three continuous, symmetrically
thickened layers. The water halo sign is most valuable observation of acute
bowel wall injury, malignancy rarely manifests water halo sign [12,13].

Differential diagnosis

Common diagnoses with water halo sign include idiopathic
inflammatory bowel diseases, vascular disorders, infectious diseases,
and radiation damage. This pattern is uncommon in malignancy. The
fat halo sign refers to a three-layered target sign of thickened bowel in
which the middle or submucosal layer has a fatty attenuation. Common
diagnoses with this sign include Crohn disease in the small intestine
and idiopathic inflammatory bowel diseases in the colon [16,17]. The
deposition of submucosal fat in the large and small bowels has been
documented in patients with both acute and chronic inflammatory
disorders of the bowel [17]. Although a stratified pattern of attenuation
is present with submucosal fat deposition, recognizing the very low
attenuation of the submucosa will allow an accurate diagnosis to be
established [18,19]. The darker attenuation of intramural fat can
usually be visually distinguished from the grayer tone of the water halo
sign [7,20,21]. The common diagnoses in which the fat halo sign is seen
in Benign lesions which include Crohn disease in the small intestine
and ulcerative colitis.
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Heterogenous mixed attenuation

In these cases, the grossly thickened bowel wall shows several
irregular zones of lower attenuation randomly located adjacent to
areas of higher attenuation. The findings are related to ischemia
and necrosis and are seen in high grade, poorly differentiated
gastrointestinal neoplasms such as adenocarcinoma and stromal cell
tumors. Larger tumors frequently undergo central necrosis and will
show heterogeneous enhancement on contrast-enhanced scans. The
white pattern represents contrast material enhancement that uniformly
affects most of the thickened bowel wall. Common diagnoses with this
pattern include idiopathic inflammatory bowel diseases and vascular
disorders [11,13,22,23]. Absence or decreased enhancement of the
bowel wall is the specific finding for bowel ischemia, ischemic segment
may also appear with increased enhancement which is caused by
altered vascular permeability [13,24]. The increased wall enhancement
associated with inflammatory bowel disease reflects the hyperemic and
hyper vascular state in acute inflammation. This hypervascularity is
reflected in mesenteric changes of vascular dilation and tortuosity [8].
The common diagnoses in which the white attenuation pattern is seen
include idiopathic inflammatory bowel diseases and vascular disorders.
This pattern is uncommon in malignancy. The gray pattern is defined as
a thickened bowel wall with limited enhancement whose homogeneous
attenuation is comparable with that of enhanced muscle [25,26].
This pattern is used to differentiate between benign and malignant
disease. It is common in both benign and malignant diseases noted
that bowel wall thickening of less than 2 cm was more characteristic
of benign conditions, whereas thickening greater than 3 cm was
usually present in malignant cases. Differential Diagnosis: The gray
attenuation pattern and accompanying morphologic characteristics
are used in differentiating between benign and malignant disease.
Black attenuation is the equivalent of pneumatosis, and this pattern is
commonly seen in ischemia, infection, and trauma [27]. It is hard to
detect small collections of intramural gas but to avoid confusing them
with intraluminal gas collections that attach to the mucosa. In the cases
where the gas bubbles are noticed in the cecum and ascending colonic
wall, which results due to gas trapped between fecal debris and mucosa
[13,26]. Repositioning and rescanning the patient in a decubitus
position clears confusion. In each of the five categories of attenuation
patterns-white, gray, black, water halo sign, fat halo attenuation
patterns are described. Mesenteric calcifications are seen in benign
and malignant conditions. Benign mesenteric calcifications may be
present in granulomatous lesions such as tuberculosis, sarcoidosis
[28,29]. Malignant neoplasms may present on CT with calcifications
in the mesentery, which is occasionally seen in patients with treated
lymphoma [11,30,31]. Malignant lymphoma of the small bowel tends
to be more homogenous and show less contrast enhancement [32,33].

Carcinoid tumor appears as an intramural mass demonstrating
increased enhancement due to hyperemia [33-35]. Calcified foci in
the mesentery can also be seen in mucinous metastases from ovarian
or gastrointestinal neoplasms. Another neoplastic process that can
present with a calcified soft-tissue mass in the mesentery is carcinoid
tumor [1,36]. Small bowel is often thickened with tethering adjacent
loops of bowel toward the calcified central mass.

Conclusion

In bowel lesions, CT with the perspective of morphology,
bowel wall thickening, attenuation values, with contrast resolution,
enhancement pattern, intensity values HU. CT has surveillance overall
bowel lesions can be analyzed with good efficacy. The appearance,
degree, and consistency of bowel wall enhancement have been well

described. An approach for classifying bowel wall abnormality was
presented based on different variations. The classification is most useful
in distinguishing benign lesions from malignant lesions. The approach
can serve as good stimulus for radiologists to attain positive goal.

References

1. Buckley JA, Fishman EK (1998) CT evaluation of small bowel neoplasms:
Spectrum of disease. Radiographics 18: 379-392.

2. Macari M, Megibow AJ, Balthazar EJ (2007) A pattern approach to the
abnormal small bowel: Observations at mdCT and ct enterography. AJR Am J
Roentgenol 188: 134413-134455.

3. Eisenberg RL (2009) Thickening of small bowel folds. AJR Am J Roentgenol
193: W1-W6.

4. Macari M, Balthazar EJ (2001) CT of bowel wall thickening: Significance and
pitfalls of interpretation. ADR Am J Roentgenol 176: 1105-1116.

5. Bruining DH, Loftus EV (2009) Crohn’s disease clinical issues and treatment:
What the radiologist needs to know and what the gastroenterologist wants to
know. Abdom Imaging 34: 297-302.

6. Desmond AN, O’'Regan K, Curran C, McWiliams S, Fitzgerald T (2008)
Crohn’s disease: Factors associated with exposure to high levels of diagnostic
radiation. Gut 57: 1524-1529.

7. Pickhardt PJ, Kim DH, Menias CO, Gopal DV, Arluk GM, et al. (2007) Evaluation
of submucosal lesions of the large intestine: Part 1. Neoplasms Radiographics
27:1681-1692.

8. Wittenberg J, Harisinghani MG, Jhaveri K, Varghese J, Mueller PR (2002)
Algorithmic approach to CT diagnosis of the abnormal bowel wall. Radiographics
22:1093-1107.

9. Shinya T, Inai R, Tanaka T, Akagi N, Sato S, et al. (2017) Small bowel
neoplasms: Enhancement patterns and differentiation using post-contrast
multiphasic multidetector CT. Abdom Radiol (NY) 42: 794-801.

10. Gore RM, Balthazar EJ, Ghahremani GG, Miller FH (1996) CT features of
ulcerative colitis and Crohn’s disease. AJR Am J Roentgenol 167: 3-15.

11. Horton KM, Corl FM, Fishman EK (2000) CT evaluation of the colon:
Inflammatory disease. Radiographics 20: 399-418.

12. Balthazar EJ, Hulnick D, Megibow AJ, Opulencia JF (1987) Computed
tomography of intramural intestinal hemorrhage and bowel ischemia. J Comput
Assist Tomogr 11: 67-72.

13. Rha SE, Ha HK, Lee SH, Kim JH, Kim JK, et al. (2000) CT and MR imaging
findings of bowel ischemia from various primary causes. Radiographics 20:
29-42.

14. Muldowney SM, Balfe DM, Hammerman A, Wick MR (1995) “Acute” fat
deposition in bowel wall submucosa: CT appearance. J Comput Assist Tomogr
19: 390-393.

15. Manoranjan UD, Nikhil S, Chandrashekar MS (1971) Evaluation of intestinal
injuries from blunt abdominal trauma. Int Surg J 4: 3971-3975.

16. Minordi LM, Vecchioli A, Guidi L, Poloni G, Fedeli G (2009) CT findings and
clinical activity in Crohn’s disease. Clin Imaging 33: 123-129.

17. Tomei E, Diacinti D, Marini M, Boirivant M, Paoluzi P (1996) Computed
tomography of bowel wall in patients with Crohn’s disease: Relationship of
inflammatory activity to biological indices. Ital J Gastroenterol 28: 487-492.

18. Pickhardt PJ (2004) Differential diagnosis of polypoid lesions seen at CT
colonography (virtual colonoscopy). Radiographics 24: 1535-1556.

19. Pickhardt PJ, Bhalla S (2005) Unusual nonneoplastic peritoneal and
subperitoneal conditions: CT findings. Radiographics 25: 719-730.

2

o

. Pickhardt PJ, Levy AD, Rohrmann CA, Kende Al (2003) Primary neoplasms
of the appendix: Radiologic spectrum of disease with pathologic correlation.
Radiographics 23: 645-666.

2

=

. Boudiaf M, Jaff A, Soyer P, Bouhnik Y, Hamzi L (2004) Small-bowel diseases:
Prospective evaluation of multi-detector row helical CT enteroclysis in 107
consecutive patients. Radiology 233: 338-344.

22.Loftus EV (2004) Clinical epidemiology of inflammatory bowel disease:
Incidence, prevalence, and environmental influences. Gastroenterology 126:
1504-1517.

J Mol Imag Dynamic
ISSN: 2155-9937 JMID, an open access journal

Volume 8 + Issue 2 + 1000145


https://doi.org/10.1148/radiographics.18.2.9536485
https://doi.org/10.1148/radiographics.18.2.9536485
https://doi.org/10.2214/AJR.06.0712
https://doi.org/10.2214/AJR.06.0712
https://doi.org/10.2214/AJR.06.0712
https://doi.org/10.2214/AJR.09.2762
https://doi.org/10.2214/AJR.09.2762
https://doi.org/10.2214/ajr.176.5.1761105
https://doi.org/10.2214/ajr.176.5.1761105
https://doi.org/10.1007/s00261-008-9410-x
https://doi.org/10.1007/s00261-008-9410-x
https://doi.org/10.1007/s00261-008-9410-x
https://doi.org/10.1136/gut.2008.151415
https://doi.org/10.1136/gut.2008.151415
https://doi.org/10.1136/gut.2008.151415
https://doi.org/10.1148/rg.276075027
https://doi.org/10.1148/rg.276075027
https://doi.org/10.1148/rg.276075027
https://doi.org/10.1148/radiographics.22.5.g02se201093
https://doi.org/10.1148/radiographics.22.5.g02se201093
https://doi.org/10.1148/radiographics.22.5.g02se201093
https://doi.org/10.1007/s00261-016-0945-y
https://doi.org/10.1007/s00261-016-0945-y
https://doi.org/10.1007/s00261-016-0945-y
https://doi.org/10.2214/ajr.167.1.8659415
https://doi.org/10.2214/ajr.167.1.8659415
https://doi.org/10.1148/radiographics.20.2.g00mc15399
https://doi.org/10.1148/radiographics.20.2.g00mc15399
https://doi.org/10.1097/00004728-198701000-00013
https://doi.org/10.1097/00004728-198701000-00013
https://doi.org/10.1097/00004728-198701000-00013
https://doi.org/10.1148/radiographics.20.1.g00ja0629
https://doi.org/10.1148/radiographics.20.1.g00ja0629
https://doi.org/10.1148/radiographics.20.1.g00ja0629
https://doi.org/10.1097/00004728-199505000-00010
https://doi.org/10.1097/00004728-199505000-00010
https://doi.org/10.1097/00004728-199505000-00010
http://dx.doi.org/10.18203/2349-2902.isj20175389
http://dx.doi.org/10.18203/2349-2902.isj20175389
https://doi.org/10.1016/j.clinimag.2008.08.021
https://doi.org/10.1016/j.clinimag.2008.08.021
https://doi.org/10.1148/rg.246045063
https://doi.org/10.1148/rg.246045063
https://doi.org/10.1148/rg.253045145
https://doi.org/10.1148/rg.253045145
https://doi.org/10.1148/rg.233025134
https://doi.org/10.1148/rg.233025134
https://doi.org/10.1148/rg.233025134
https://doi.org/10.1148/radiol.2332030308
https://doi.org/10.1148/radiol.2332030308
https://doi.org/10.1148/radiol.2332030308
https://doi.org/10.1053/j.gastro.2004.01.063
https://doi.org/10.1053/j.gastro.2004.01.063
https://doi.org/10.1053/j.gastro.2004.01.063

Citation: Dr. Kasmika GR, Peng P, Guo M, Zhong D (2018) Computed Tomography: A Reliable Modality for the Assessment of Bowel Wall Thickening
to Categorize Benign and Malignant Lesions of Bowel Wall. J Mol Imag Dynamic 8: 145. doi:10.4172/2155-9937.1000145

Page 9 of 9

23.

24,

2

(&)

26

27.

28.

29.

30.

Chou CK (2002) CT manifestations of bowel ischemia. Am J Roentgenol 178:
87-91.

Balthazar EJ (1991) CT of the gastrointestinal tract: Principles and interpretation.
Am J Roentgenol 156: 23-32.

. Balthazar EJ, Noordhoorn M, Megibow AJ, Gordon RB (1997) CT of small-

bowel lymphoma in immunocompetent patients and patients with AIDS:
Comparison of findings. Am J Roentgenol 168: 675-680.

. Feczko PJ, Mezwa DG, Farah MC, White BD (1992) Clinical significance of

pneumatosis of the bowel wall. Radiographics 12: 1069-1078.

Horton KM, Lawler LP, Fishman EK (2003) CT findings in sclerosing
mesenteritis (Panniculitis): Spectrum of disease. Radiographics 23: 1561-1567.

Sheth S, Horton KM, Garland MR, Fishman EK (2003) Mesenteric neoplasms:
CT appearances of primary and secondary tumors and differential diagnosis.
Radiographics 23: 457-473.

Horton KM, Abrams RA, Fishman EK (2000) Spiral CT of colon cancer: Imaging
features and role in management. Radiographics 20: 419-430.

Junquera F, Quiroga S, Saperas E (2000) Accuracy of helical computed

3

=

32.

33.

34.

35.

36.

tomographic angiography for the diagnosis of colonic angiodysplasia.
Gastroenterology 119: 293-299.

. Horton KM, Fishman EK (2004) Multidetector-row computed tomography and

3-dimensional computed tomography imaging of small bowel neoplasms:
Current concept in diagnosis. J Comput Assist Tomogr 28: 106-116.

Horton KM, Kamel I, Hofmann L, Fishman EK (2004) Carcinoid tumors of the small
bowel: A multitechnique imaging approach. AJR Am J Roentgenol 182: 559-567.

Gore RM, Mehta UK, Berlin JW, Rao V, Newmark GM (2006) Diagnosis and
staging of small bowel tumours. Cancer Imaging 6: 209-212.

Hakim FA, Alexander JA, Huprich JE, Grover M, Enders FT (2011) CT-
enterography may identify small-bowel tumors not detected by capsule
endoscopy: Eight years experience at Mayo Clinic Rochester. Dig Dis Sci 56:
2914-2919.

Janson ET, Holmberg L, Stridsberg M (1997) Carcinoid tumors: Analysis of
prognostic factors and survival in 301 patients from a referral center. Ann Oncol
8: 685-690.

Martensson H, Nobin A, Sundler F (1983) Carcinoid tumors in the gastrointestinal
tract: An analysis of 156 cases. Acta Chir Scand 149: 607-616.

J Mol Imag Dynamic
ISSN: 2155-9937 JMID, an open access journal

Volume 8 + Issue 2 + 1000145


https://doi.org/10.2214/ajr.178.1.1780087
https://doi.org/10.2214/ajr.178.1.1780087
https://doi.org/10.2214/ajr.156.1.1898566
https://doi.org/10.2214/ajr.156.1.1898566
https://doi.org/10.2214/ajr.168.3.9057513
https://doi.org/10.2214/ajr.168.3.9057513
https://doi.org/10.2214/ajr.168.3.9057513
https://doi.org/10.1148/radiographics.12.6.1439012
https://doi.org/10.1148/radiographics.12.6.1439012
https://doi.org/10.1148/rg.1103035010
https://doi.org/10.1148/rg.1103035010
https://doi.org/10.1148/rg.232025081
https://doi.org/10.1148/rg.232025081
https://doi.org/10.1148/rg.232025081
https://doi.org/10.1148/radiographics.20.2.g00mc14419
https://doi.org/10.1148/radiographics.20.2.g00mc14419
https://doi.org/10.1053/gast.2000.9346
https://doi.org/10.1053/gast.2000.9346
https://doi.org/10.1053/gast.2000.9346
https://doi.org/10.1097/00004728-200401000-00019
https://doi.org/10.1097/00004728-200401000-00019
https://doi.org/10.1097/00004728-200401000-00019
https://doi.org/10.2214/ajr.182.3.1820559
https://doi.org/10.2214/ajr.182.3.1820559
https://doi.org/10.1102/1470-7330.2006.0031
https://doi.org/10.1102/1470-7330.2006.0031
https://doi.org/10.1007/s10620-011-1773-0
https://doi.org/10.1007/s10620-011-1773-0
https://doi.org/10.1007/s10620-011-1773-0
https://doi.org/10.1007/s10620-011-1773-0
https://doi.org/10.1023/a:1008215730767
https://doi.org/10.1023/a:1008215730767
https://doi.org/10.1023/a:1008215730767

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Study contents 

	Results
	In this study, 122 cases of benign and malignant lesions were differentiated 
	In total 122 cases, there were total of 46 cases of malignant bowel wall lesions and 76 benign cases
	In benign lesions, cases seen in small intestine, lesions seen in duodenum-(22 cases, 18.03%), lesio
	Malignant lesions, cases seen as adeno carcinoma-(24 cases, 20.5%), lymphoma-(10 cases, 9.8%), carci
	Mild bowel wall thickening was seen in total 37 cases, 37 cases were benign, which was not specific 
	Asymmetrical bowel wall thickening seen in total 43 cases: Out of which in 43 cases, were malignant,
	In total 52 cases showing focal involvement of bowel, 37 cases were in malignant group, 15 cases wer
	Density of lesions with heterogenous enhancement seen in total 53 cases, out of which 25 cases were 
	Color patterns of enhancement 
	In benign group, fat halo pattern was seen in 1 case, it was not seen in malignant group 
	Water halo pattern was noticed in 2 cases  
	Associated CT findings like ulceration, necrosis, surrounding fat stranding were also monitored 
	Necrosis shows 50% sensitive for malignant lesions, 89% specificity for malignant lesion 
	Fat stranding was seen in 36 cases, fat stranding was seen in 6 cases of benign group, 30 cases were
	Perforation seen as local complication in (48 cases, 39.3%) out of which (44 cases, 36.06%) were in 
	In total 122 cases, 10 cases were having ascitis, free fluid in abdomen, 2 cases were in Benign cate
	Mesenteric involvement was seen in malignant group, which was not seen in benign cases. Mesenteric v

	Discussion
	Symmetric thickening 
	Asymmetric thickening 
	Attenuation of the thickened bowel wall 
	Homogeneous attenuation 
	Infarction and ischemia 
	Neoplasm
	Important
	Heterogenous
	Differential diagnosis 
	Heterogenous mixed attenuation 

	Conclusion
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	References

