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REVIEW
Malignant Small Bowel Neoplasms : a review of post-contrast
multiphasic multidetector computed tomography
Takayoshi Shinya
Department of Community Medicine and Medical Science, Tokushima University Graduate School of Biomedical Sciences. 3-18-15, Kuramoto-cho, Tokushima City, Tokushima, 770-8503, Japan

Abstract : Small bowel neoplasms are rare and account for 3-6% of all gastrointestinal neoplasms. For the diagnosis of small bowel neoplasms, differentiating normal bowel tissue from tumor is critical and depends on imaging
modality and scanning techniques. The detection and characterization of small bowel neoplasms have recently
improved with the advance of computed tomography (CT) technology. Post-contrast multiphasic CT is an aid to
detection and recognition of the vascular nature of small bowel neoplasms. Understanding the typical post-contrast multiphasic CT features of small bowel neoplasms is important because of overlapping features and the
necessity of evaluating associated complications and metastases to lymph node and other organs. However, accurate classification of pathologies is still challenging in clinical practice. Texture analysis can quantify complex
mathematical patterns within the gray-level distribution of the pixels and voxels of digital images, and texture
analysis of the post-contrast multidetector CT data of various tumors has been attracting attention in recent
years. The aim of this article is to provide a comprehensive guide to the relevant imaging features for different
types of malignant small bowel neoplasms. J. Med. Invest. 69 : 19-24, February, 2022
Keywords : malignant small bowel neoplasm, post-contrast multiphasic multidetector computed tomography (CT), neuroendocrine tumor
(NET), malignant lymphoma

INTRODUCTION
Small bowel neoplasms are rare, accounting for only 3-6% of
all gastrointestinal neoplasms and 1-3% of all gastrointestinal
malignancies (1). Diagnosis is often delayed because patients
may remain asymptomatic until the late stages and the clinical
symptoms are non-specific (2, 3). Early diagnosis, preferably
with non-invasive methods, is important for the management of
patients with small bowel neoplasms.
Barium small bowel examination was previously considered
the most accurate radiological modality to detect small bowel
malignancies. Small bowel neoplasms were traditionally diagnosed with small bowel follow-through study and fluoroscopic
enteroclysis (4-6). Compared with small bowel follow-through
study and fluoroscopic enteroclysis, cross-sectional imaging
studies, including CT, have the advantage of identification and
characterization of mural or extraluminal lesions as well as
the assessment of the extramural structures and abdominal
organs. The increased speed and improved temporal resolution
of late-generation multidetector row CT (MDCT) scanners made
CT the most frequent primary imaging option for small bowel
lesions. Progressed bolus-tracking techniques further improved
the radiologic detectability of enhancing small bowel lesions.
These advantages made MDCT an optimal modality for the
diagnosis of small bowel neoplasms.
This article reviews the typical CT imaging features of malignant small bowel neoplasms and presents the imaging appearance on post-contrast multiphasic MDCT with discussion of the
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future analysis methods.

IMAGING TECHNIQUES
Advances in MDCT provide high-resolution imaging and more
accurate depiction of small bowel neoplasms. Data sets with
isotropic voxels can be obtained with the currently available
16-640 detector row MDCT machines. The increased speed and
improved spatial resolution of late-generation MDCT has made
CT scan capable of rapid acquisition of volumetric data and the
first-line modality for the examination of suspected small bowel
neoplasms.
Suggested CT parameters for a MDCT scanner are : 120 kV,
300 mAs, or auto mA mode, and a section thickness of 1.0-3.0
mm and a reconstruction interval of 1.0-3.0 mm, depending on
the protocol used (3, 7-9). The unenhanced CT scan was performed and the images were acquired from the diaphragm to
the perineum. Bolus tracking techniques with measurements
performed in the abdominal aorta can be used to adapt the delay
between contrast agent administration and scan initiation to
the cardiac output of the individual patient. Non-ionic contrast
material (100-150 mL) containing 300 mg I / mL can be injected
at 3-5 mL / s for a triphasic scan in the bolus-triggered arterial,
enteric, and venous (delayed) phase. Enteric phase is typically
acquired at 35-50 s after the injection of intravenous contrast
media and provides optimal small bowel mural enhancement
(3, 7-11). However, multiphase studies are not routinely acquired
on clinical practice, given the added radiation exposure (especially in younger patients). If a small bowel neoplasm is highly
suspected and liver staging is sought, a triphasic scan may be
advantageous. In patients with a suspected malignant small
bowel neoplasm, MDCT enterography with a negative oral contrast agent composed of low density barium sulfate suspension
is typically requested for adequate distention of the small bowel
lumen (3, 7, 8).
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MALIGNANT NEOPLASMS OF THE SMALL INTESTINE
Adenocarcinoma

Adenocarcinoma is documented to be the most common primary malignant neoplasm of the small bowel, and it represents
25-40% of primary malignant small bowel tumors (3, 12). The
predominant location is the duodenum, followed by the jejunum,
primarily within the first 30 cm beyond the ligament of Treitz
(13-15). Exceptions to this rule occur in patients with Crohn’s
disease, in which over 66% of cases originate from the ileum (16).
The clinical presentation of adenocarcinoma may include vague
symptoms such as abdominal pain, nausea, vomiting, weight
loss, anemia, and jaundice. Adenocarcinoma typically appears as
an asymmetric wall thickening involving a short segment that
can cause luminal stenosis and small bowel obstruction on CT
(Figure 1). It may also appear as an ulcerated lesion or an annular “apple core” lesion with luminal narrowing. Post-contrast
CT typically demonstrates heterogeneous attenuation and moderate contrast enhancement. A recent study reported that peak
enhancement occurred in the enteric phase with a relatively low
threshold level in adenocarcinoma on post-contrast multiphasic
CT (11). In addition, post-contrast multiphasic MDCT may
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reveal other CT findings including vascular invasion, lymphadenopathy, distant metastases, and peritoneal dissemination.

Neuroendocrine tumor
Neuroendocrine tumor (NET), formerly known as carcinoids, originate from the enterochromaffine cells within the
gastro-entero-pancreatic and bronchopulmonary systems (17).
Gastrointestinal neuroendocrine tumors (GI NET) originate
from enterochromaffin cells at the base of the Lieberkuhn crypts
within the bowel wall and represent approximately 20-25% of
malignant small bowel neoplasms (9, 18). Approximately 30% of
GI NET can be found in the small bowel with a predilection for
the ileum (19). In early stage, clinical symptoms are rare and a
typical CT finding is a solitary enhancing mass within the small
bowel mucosa. The tumor rarely appears as an ulcerating mass
in the small bowel. There was rapid enhancement in the arterial
and enteric phases followed by washout in the venous phase
(11). It resembles a mural contrast-enhancing mass extending
into the adjacent mesentery, causing a soft tissue density mass
in later stages (Figure 2). The mesenteric mass may contain
calcifications often with spiculated margins due to the desmoplastic reaction, and may stimulate a fibrotic reaction in the
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Figure 1. A 66-year-old man with an ileal adenocarcinoma.
Axial CT images in the unenhanced CT (A) and the enteric phase (B) demonstrate a large enhancing mass arising from the ileal wall (arrow)
and focal narrowing of the ileum.
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Figure 2. An 83-year-old woman with ileal neuroendocrine tumor (G2) with liver metastases.

An enhancing ileal lesion (arrow in A) with mass-forming desmoplastic reaction within the adjacent mesenterial fat. Coronal CT imaging in the
enteric phase visualizes a spiculated mesenteric mass (arrow in B) with stellate appearance tethering small bowel loops.
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surrounding tissues leading to bowel obstruction, ischemia, or
vascular compromise (20). The desmoplastic reaction may also
occur with mesentery lymph node metastasis. Liver metastasis
may lead to carcinoid syndrome, with typical symptoms that include watery diarrhea, flushing, sweating, endocardial fibrosis,
and sudden crisis.

Lymphoma
Lymphoma represents 15-20% of malignant small bowel
tumors, with more than 60% found in the ileum (21-23). Most
lymphomas involving the small bowel are non-Hodgkin B-cell
lymphoma. T-cell lymphoma has a high association with celiac
disease and commonly occurs in the jejunum (24). Patients
complain about non-specific symptoms such as weight loss, fever,
nausea, diarrhea, and abdominal pain. Small bowel lymphomas have a variety of radiological appearances. In early cases,
lymphoma may manifest as plaque-like mucosal expansions.
On the other hand, in advanced cases, infiltrative lesions may
cause full mural thickening and even mucosal ulcers. Lymphomas are mostly soft and maintain the lumen of small bowel.
The lumen may maintain dilatation (aneurysmal dilatation) in
advanced cases. In the differentiation from adenocarcinoma on
CT, lymphoma may be suggested in the presence of significant
homogeneous wall thickening (> 2 cm), eccentric stenosis, and
coexistent lymphadenopathy (25). Lymphoma tends to have multifocal involvement compared with adenocarcinoma (6). Distant
lymphadenopathy and splenomegaly help distinguish lymphoma
from other small bowel neoplasms (Figure 3). On post-contrast
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multiphasic CT, lymphoma mostly shows homogeneous and mild
enhancement with peak enhancement occurring in the enteric
phase (11).

Malignant gastrointestinal stromal tumor
Malignant gastrointestinal stromal tumor (GIST) arises
from the smooth muscle pacemaker interstitial cells of Cajal,
or similar cells, within the small bowel wall and is mostly located in the jejunum (9, 26). Malignant GIST is less common
than benign GIST. Malignant GIST arises mainly in the distal
ileum (3). GISTs of small bowel can grow to a large size before
causing symptoms. Patients commonly present with non-specific
abdominal symptoms such as abdominal pain and nausea. They
can also be found with clinical presentations including bowel
obstruction and intraluminal GI bleeding. The CT features of
small bowel GIST vary depending on the tumor size and aggressiveness. GIST typically shows large, hyperenhancing, and
exophytic tumors on post-contrast CT, although GIST can exhibit hypo-enhancement and be located endoluminally (Figure 4).
On post-contrast multiphasic CT, GIST typically shows intense
peak enhancement on arterial phase followed by washout on the
venous phase (11). GIST may have a heterogeneous appearance
secondary to necrosis or intra-tumoral hemorrhage and may
ulcerate, cavitate, and fistulize to adjacent structures (27). Moreover, GIST may cause obstruction by mass effect or mechanical
obstruction due to kinking and compression of the intestine.
Malignant GIST is suggested by tumor that is larger than 5 cm,
cavitation, exophytic growth, invasion of adjacent structures,
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Figure 3. A 63-year-old man with ileal diffuse large B-cell lymphoma.

Axial images in the unenhanced CT (A) and the arterial phase (B) show near-circumferential thickening of an ileal bowel loop in the lower
abdomen (arrow). Coronal image (C) in the venous phase shows a thickening of ileal bowel wall (arrow) and multiple lymphadenopathies (curved
arrows) in the mesentery.
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metastasis, and peritoneal seeding (6, 28). Bulky lymphadenopathy is uncommon and favors the diagnosis of other neoplasms.

Metastases
The small bowel is the main site of metastatic tumor in the
GI tract. Metastases can reach the small intestine by intraperitoneal seeding, direct invasion from adjacent tumors, or a
hematogenous route (29). The most frequent causes of hematogenous metastases are lung carcinoma, breast cancer, melanoma
(Figure 5), and renal cell carcinoma. Metastases show solitary or
multiple polypoid intraluminal lesions or focal bowel wall thickening. The tumors have a variety of CT features such as luminal
narrowing, central ulceration, cavitation, invasion to adjacent
organs, and intraperitoneal spread. The enhancement patterns
of metastases may vary depending on the vascularity of the primary tumor (11). Metastases to small intestine may cause ileus
and intussusception. In addition, metastases to small intestine
may be ulcerated and perforated, especially in metastasis from
bronchogenic carcinoma (6, 30).

FUTURE DIRECTIONS
Recent advances in CT texture analysis have improved the
capacity for processing tumor heterogeneity on imaging and provide indirect information on the tumor microenvironment within
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a certain range of quantitative parameters (31). CT texture
analysis reflects the distribution and relationship of pixels in CT
images. This reveals the subtle differences that are unrecognizable with the human eyes and compensate for the shortcomings
of conventional CT imaging.
A recent study reported that volumetric CT texture analyses,
especially entropy, may serve as biomarkers for risk stratification for small bowel GIST. Entropy in the venous phase reached
high accuracy (AUC = 0.830) for differentiating low-risk from
intermediate- to high-risk small bowel GISTs with a sensitivity
of 82.4% and the specificity of 74.4% (32). For the differentiation
of malignant small bowel neoplasms, a recent study reported
that the texture model on arterial phase had an excellent diagnostic capacity in differentiating lymphoma from GIST and
adenocarcinoma with a sensitivity of 83.3% and a specificity
of 89.3% (33). Another study for gastric tumors reported that
CT texture-based classification had a high diagnostic capacity
in classification among adenocarcinoma, lymphoma, and GIST
(34). These results demonstrated that classification based on
texture analyses may be useful for radiologists in establishing
the correct diagnosis of small bowel tumors on post-contrast
multiphasic CT. However, the diagnostic capacity of CT texture
analysis has not yet been fully explored in differential diagnosis
in patients with small bowel neoplasm. The texture analysis
model in small bowel neoplasms deserves further investigations
on post-contrast multiphasic CT.
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Figure 4. A 68-year-old man with ileal malignant gastrointestinal stromal tumor.

Axial CT image in the unenhanced CT (A), the arterial phase (B), and the venous phase (C) show an intraluminal hypervascular mass in the
jejunum in the abdomen (arrow).
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Figure 5. A 71-year-old man with metastatic small bowel tumors from malignant melanoma.

Axial images in the unenhanced CT (A) and the enteric phase (B) show an intraluminal polypoid mass with inhomogeneous enhancement in
the jejunum (arrow). Axial images in the unenhanced CT (C) and the venous phase (D) shows another large ileal mass (arrow).

CONCLUSIONS
Post-contrast multiphasic CT is a powerful tool in the detection and evaluation of small bowel neoplasms. An understanding
of the typical CT imaging features of each pathology may limit
the diagnostic possibility in differential diagnosis for small
bowel neoplasms. However, the differential diagnosis with
post-contrast CT is still challenging as malignant small bowel
neoplasms are a rare disease and small in size in the early stage
with or without non-specific symptoms. Further evaluation with
texture analysis on post-contrast multiphasic CT could be a clue
to provide a clearer imaging strategy in the differential diagnosis for malignant small bowel neoplasms.
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