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ABBREVIATIONS

CD- Crohn’s disease

CTE- Computed Tomography Enterography

GIST- Gastrointestinal stromal tumor

IBS- Irritable Bowel Syndrome

MDCT- Multi-Detector Computed Tomography

MPR- Multi-planar Reconstruction

SBO- Small Bowel obstruction

SIBO- Small Intestinal Bacterial Overgrowth

SMA- Superior mesenteric artery

SMV- Superior mesenteric vein

TB- Tuberculosis

UC- Ulcerative colitis
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ABSTRACT

Title

ROLE OF MULTIDETECTOR COMPUTED TOMOGRAPHY ENTEROGRAPHY IN
THE EVALUATION OF SMALL BOWEL DISORDERS

Background

The mesenteric small intestine remains the only part of gastrointestinal tract segment for

which diagnostic study is not principally dependant on endoscopic viewing. In such a case,

radiologists play a primary role in diagnosis of small bowel pathologies. Increased speed and

resolution of multi–detector row computed tomography (CT) have made it a first-line

modality for the examination of small bowel diseases.

Multi-detector Computed Tomography Enterography (MDCT Enterography) however differs

from routine abdomino-pelvic CT in that it makes use of thin sections and large volumes of

enteric contrast material for better display of the small bowel lumen and wall, permits

excellent assessment of hypervascular lesions and hyperenhancing segments.

Objectives

1. To study the radiological features of small intestinal diseases using Multidetector

Computed Tomography (MDCT) Enterography.

2. To draw a systematic patterned approach to narrow down the differential diagnosis based

on radiological findings using MDCT Enterography.
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3. To evaluate the diagnostic accuracy of MDCT Enterography in the evaluation of small

bowel disorders  with clinical, histopathological and surgical correlation wherever

necessary.

Materials and Methods

Cases of suspected small intestinal disease who will be referred to undergo Multi-detector

Computed Tomography Enterography at the Department of Radio-Diagnosis in SDM

Medical College and Hospital from the year December 2019 to May 2021.Fourty patients

were selected for the study. After the clinical examination of the patients with a written and

informed consent, they were subjected to MDCT Enterography. Imaging was done on 128

slice MDCT scanner manufactured by Siemens (Somatom AS) with imaging parameters

chosen so as to maximize spatial resolution.

Results

Out of the 40 patients in our study who were clinically suspected to have small intestinal

disease, all the patients had bowel pathology. Patients were 17 (42.5 %) females and 23

(57.5 %)males with majority of them being more than 50 years old. The most common MDCT

Enterography findings were distal bowel involvement (55%), mucosal layer involvement (45%),

homogeneous wall enhancement (75%). Focal involvement was seen in the majority of the

patients (52.5%) with the mild mural thickness in most of them (75%). Small bowel obstruction

was the commonest finding (35%), followed by abdominal tuberculosis (25%). 60% of the

patients required surgical management and 17%of them confirmed by histopathological

evaluation. Therefore, patients with small bowel diseases were significantly older (p < 0.05), had
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distal bowel and focal involvement ( p<0.001), mostly involving the mucosal layer ( p< 0.001),

with homogeneous enhancement pattern ( p <0.001) and  mild mural thickness ( p= 0.07).

Conclusion

MDCT Enterography is an efficient modality in detecting small bowel pathologies. Distal

bowel and mucosal layer involvement, homogeneous wall enhancement, focal

involvement with the mild mural thickening are the most common MDCT Enterography

findings. Patients suspected to have small bowel diseases are significantly older, small

bowel obstruction and abdominal tuberculosis being the most common diseases affecting

the small bowel with most of them requiring surgical line of management.

Key words

MDCT Enterography, small bowel diseases, enteric contrast, mannitol
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INTRODUCTION

Small intestinal pathologies are relatively rare. They account for only 1%-4% of digestive

diseases1. Though, there is recent development of techniques like endoscopy, capsule

endoscopy and double-balloon push enteroscopy, the diagnosis of small intestinal diseases is

still difficult 2 .

The small intestine is that portion of gastrointestinal tract (GIT) for which diagnostic study is

not primarily dependent on endoscopic viewing. Therefore, in such a situation, the need for

radiological diagnosis of small bowel pathologies becomes important. After the invent of CT,

owing to its increased speed and resolution, Multi–detector row computed tomography (CT)

has become the first-line imaging modality for examination of small bowel pathologies3.

Multi-Detector Computed Tomography (MDCT) is a widely accepted investigation of choice

in lot of conditions. It is rapid, specific, time efficient, objective and informative. With

advanced technology of MDCT, it allows multiple images to be acquired in a single tube

rotation4. Within a single breath hold at a thickness of sub-millimeter (0.5 to 0.75mm) in the

3D plane, the entire abdomen and pelvis can be scanned. These data sets result in voxels that

are both sub millimetre in dimension and isotropic, suggesting that reformations in any

desired plane will have a spatial resolution similar to that of the axial plane. It provides

information of the gastrointestinal tract, mesenteries, solid organs, peritoneum and

retroperitoneal areas5.
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So, how is it different from a routine CT of abdomen and pelvis? That is, it provides

us with thinner sections but there is a need for large volumes of enteric contrast material, that

is to obtain a better illustration of the small bowel lumen as well as the wall. MDCT also

allows an excellent evaluation of hypervascular lesions and also hyperenhancing segments6.

OBJECTIVES

1. To study the radiological features of small intestinal diseases using

Multidetector Computed Tomography (MDCT) Enterography.

2. To draw a systematic patterned approach to narrow down the differential

diagnosis based on radiological findings using Multidetector Computed

Tomography Enterography.

3. To evaluate the diagnostic accuracy of MDCT Enterography in the evaluation

of small bowel disorders with clinical, histopathological and surgical

correlation wherever necessary.

REVIEW OF LITERATURE

SMALL BOWEL ANATOMY

The small intestine is a long tubular organ, measuring about six to seven metres in length. It

begins at the pylorus of the stomach and terminates at the ileocecal valve. It is centrally

located in the lower abdominal cavity. The small bowel is divided into the duodenum,

jejunum, and ileum, from proximal to distal. Though, It is the longest portion of the digestive

tract, but is often called as “small” due to its lumen having smaller diameter (measuring

approximately 2.5 to 3.0cm) as compared to the large bowel 7,8.
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Figure 1: Anatomy of the small intestine 8

The anatomy of these three segments are as follows:

DUODENUM – It is the shortest segment , measuring about 10 to 15 inches in length. It

continues from the pylorus, then curves around the pancreas and is further divided into four

parts. One of the most important landmark is the ampulla of Vater, as the pancreatic duct and
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the bile duct, together known as pancreaticobiliary tract, empties into the duodenum with

their secretions9.

It forms a vital part of the digestive tract. Both the pancreatic and bile juices help in

digestion, by breaking down all the nutrients, hence becomes easier for absorption10,11 .

JEJUNUM- It forms the proximal segment that connects the duodenum to the ileum,

beginning from the duodeno-jejunal flexure. It constitutes for about 40% of the small bowel

10-12.

ILEUM- Distal most segment of the small intestine that terminates at ileo-cecal junction,

opening into the cecum. Ileo-cecal valve lies at the junction between ileum and cecum. It

constitutes for about 60% of the small bowel.

Jejunum and ileum are covered by peritoneum- Hence are intraperitoneal. While as, the

duodenum is covered by the peritoneum only in the anterior portion, hence it is a

“retroperitoneal” organ10-12 .

THE MESENTERY-

It is composed of double fold of peritoneum and is a contiguous structure. It forms a thin,

vascular layer. It attaches small and large bowel to the abdominal wall.

FUNCTIONS14

 Mixes and churns the ingested food, converting it into chyme

 By its peristaltic motion, it moves the food into the colon

 Mixes ingested food with the mucus
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 Also receives digesting enzymes from the pancreas and liver

 Digestive enzymes break down the food, making it more digestible

 Absorption of nutrients such as carbohydrates, fats, proteins, vitamins and minerals,

hence maintaining fluid and electrolyte balance.

Functions of each segment of small bowel 14 :

 The duodenum: It receives the partially digested food- Chyme and the digestive

enzymes that are required for the breakdown of food particles. Also, iron is absorbed

in the duodenum. The acid from the stomach is neutralised by the bicarbonate

released from the pancreas, before the chyme reaches the jejunum. It also helps in

controlling the gastric emptying and the rate at which the bile duct juices empty into

the small intestine. In addition to this, it allows limited absorption of certain nutrients,

like the absorption of iron.

 The jejunum:From the duodenum, the undigested food then passes into the jejunum.

Certain nutrients such as sugar, amino acids, and fatty acids are also absorbed by the

jejunum through finger-like projections called villi. Over 95% of the carbohydrate and

protein absorption of the body takes place in the jejunum.

 The ileum:The semi-digested food from the jejunum passes into the ileum, then

empties into the large bowel. Via the intestinal wall villi, it continues the process of

absorption, that were unabsorbed by the jejunum. For example, Vitamin B12, Bile

salts, etc.
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ABSORPTION OF NUTRIENTS15

The absorptive surface of the small intestine is nearly 2,690 square feet only, out of the

10,700 square feet surface area of the entire small intestine.

Factors leading to huge absorptive surface area are as follows:

 Mucosal folds: These are circular folds within the wall of small intestine. Increases

the surface area.

 Intestinal villi: Multitudes of miniature projections line the mucous folds in the small

intestine, which protrude into the opening of the small intestine that are covered with

absorptive epithelial cells. These absorb nutrients from the lumen and transport them

into the bloodstream.

 Microvilli: These are microscopic protrusions that are densely packed, situated at the

top of the villi which further increases the surface area of the small intestine.

ASSOCIATED CONDITIONS AFFECTING THE SMALL BOWEL

Here are few conditions that are associated with the small bowel 16:

 Inflammatory bowel disease such as Crohn’s disease (CD) or Ulcerative colitis (UC)

 Gastrointestinal tract bleeding

 Abdominal tuberculosis

 Small bowel obstruction (SBO)

 Small bowel tumors such as the Adenocarcinoma, Lymphoma, Carcinoid, GIST

 Mesenteric ischemia

 Duodenal or jejunal polyps

 Diverticuli
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 Small intestinal bacterial overgrowth (SIBO)

 Irritable bowel syndrome (IBS)

As discussed in the earlier part of this review, the small intestine is a 6 to 7 meter long tubular

structure which is divided into the duodenum, jejunum and ileum.

Therefore, the entire length cannot be accessed with procedures like Conventional

endoscopy, making the diagnosis of small intestine pathologies difficult. Hence the newer

endoscopic techniques such as introduction of capsule endoscopy and double balloon

enteroscopy are being developed for this purpose17.

With the invent of newer endoscopic techniques, there has been a significant progress in

cross-sectional imaging, such as, MDCT and MRI. This has resulted in faster image

acquisition, that is accurate and non-invasive for investigating small bowel and surrounding

tissues18.

Raptopoulos et al in 1997, was the first to introduce CT enterography as a modified

technique to the routine CT abdomen and pelvis, to particularly examine the small bowel in

detail, in his case to mainly assess the extent and severity of Crohn's disease 19.

To optimise contrast resolution between mucosa and lumen, neutral oral contrast was

combined with “enteric phase” of CT, henceforth allowing better evaluation of abnormalities

arising from the wall of the small bowel 20.

STEPS INVOLVED IN CT ENTEROGRAPHY 21

 Patient has to be nil per oral (NPO) for atleast 4 hours before the examination.
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 A neutral oral contrast agent, that is, 0.2% mannitol suspension about 100 ml is

administered after mixing it in 1.35L of water over 1 hour.

 Following ingestion of oral contrast agent, an intravenous contrast bolus of about 60-

80 ml was injected and then50 ml of saline solution administered.The rate of power

injector was 3.5ml/sec.

 Scanning is then performed starting from the diaphragm to the symphysis pubis.

 Scanning parameters- section thickness of about 0.625 mm and an interval of 0.625

mm.

 Post-processing techniques- Reconstruction of axial image with a section thickness of

0.625mm and an interval of 2.5 mm, Reformation of axial image data for coronal and

bilateral obliques of about 30° angulation with maximum intensity projections and

volume rendering.

 Excellent demonstration and characterization of enteric and extra-enteric

abnormalities is allowed by Multi-planar reformatting of axial image data.

 For visualizing the mesenteric vasculature, maximum intensity projection images are

especially useful.

 In suspected cases of bowel ischemia or active GI tract bleeding, addition of a non-

contrast scan to the CT enterography protocol has been particularly useful, but since

there is always a risk of additional radiation exposure, it has not been adopted

universally.

 Now, CT enterography is mainly used in evaluation of inflammatory bowel diseases,

localization of sites of GI tract bleeding, and for the detection of small bowel tumors.
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INTERPRETATION OF CT ENTEROGRAPHY

For a precise diagnosis and assessment of small bowel pathology, complete assessement from

the gastro-oesophageal junction to the anal canal is crucial. This may take plenty of time in

few patients and the time period may be further prolonged if there is poor luminal distension

or collapse of the bowel, especially when there is minimal intra-abdominal fat separating the

loops.

Henceforth, to improve accuracy of both luminal navigation and interpretation, a multi-planar

review may be required. Also, for any radiologist to identify the abnormalities, it is necessary

to understand the normal appearance of small bowel on CT. Whenever, there is an abnormal

segment seen on CTE, it will be initially thought of a enhancing mass or a focal bowel wall

thickening. Usually the jejunum enhances more than the ileum, during enteric phase. It

should not be mistaken as a small bowel abnormality. Also collapsed bowel, enhances more

than the distended bowel loops.

Ilangova R et al in their study have reported a few of the images and have clearly explained

about the differences between normal and abnormal images. Given below are few images

which explain the normal bowel and also the images mimicking the pathological states 23.
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Figure 2: Normal CT

enterography.

Small arrow: Jejunum

Long arrow: ileal loops.

Figure 3: Axial view of  CT

Enterography illustrating the

collapsed loops giving pseudo

pathological appearance.
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Figure 4: Axial CT image showing the Small bowel spasm.

Given is the CT enterography of a patient who had presented with pain abdomen, that did not

relieve even after using spasmolytics.

THE CHARACTERISTICS OF SMALL BOWEL DISEASES

General principles:

Characteristics of abnormal small bowel segment depends on the contrast enhancement

pattern, length of involved small bowel, bowel wall thickening, location of the pathology in

duodenum, jejunum and ileum, whether it is mucosal or submucosal or serosal and any

abnormalities in the surrounding vessels.

Macari et al had explained in detail about the criterias considering all the above

characteristics24 ;

1. PATTERN OF ENHANCEMENT:

The pattern of enhancement has been classified as-
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1) “Target” appearance

2) homogeneous

3) Heterogeneous

4) Diminished.

Target appearance with stratified small bowel wall layers: Usually seen with benign

conditions like, Crohn's disease, Vasculitis, venous thrombosis with associated features of

bowel edema/ ischemia and intramural hemorrhage.

Chronic inflammatory conditions needs to be considered, if enhancement of small bowel wall

appears homogeneous, similar to that of the muscle, especially those producing small bowel

wall fibrosis such as Crohn's disease, bowel ischemia and exposure to radiation.

Homogeneous hyperenhancement- Frequently encountered with active Crohn's disease, and

commonly associated with increased density of the adjacent mesenteric fat.

Heterogeneous enhancement- Commonly associated with small bowel tumors, like

gastrointestinal stromal tumours, adenocarcinoma of small bowel, metastases and peritoneal

deposits. Diminished enhancement is characteristic of bowel ischemia. This can further lead

to formation of intramural gas and perforation25 .

2. LENGTH OF THE SMALL BOWEL INVOLVED

The length of small bowel involved can be divided as follows26 :

Focal (Involved length of small bowel <5cm): Seen in endometriosis, bowel diverticulitis,

neoplasms, foreign body perforations, small bowel ulcers and In chronic granulomatous

conditions like Crohn's disease and Tuberculosis.
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Segmental (6 to 40 cm): Seen in Crohn's disease, intramural hemorrhage, infectious

enteritis, lymphoma and ischemia due to superior mesenteric artery (SMA) or superior

mesenteric vein(SMV) thrombosis.

Diffuse (>40 cm) : Seen in intestinal ischemia, vasculitis, hypoalbuminemia, graft v/s host

disease and infections.

3. MURAL THICKNESS AND SYMMETRY OF THE LESIONS27,28

Rao PM in the year 1997 had discussed a set of criterias involved in diagnosing the

smallbowel lesions on CT, later on few more scientific scholars had also summarized their

findings and have come up with few features to explain the small bowel lesions on CT

enterography.

Table 1: Mural thickening criteria for CT Enterography.

4. COMMON SITE OF SMALL BOWEL DISEASES:

Proximal - Adenocarcinoma and coeliac disease

Distal - Carcinoid tumors, Lymphoma and Crohn's disease. Usually affects the distal most

part of ileum with skip lesions.
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Table 2: Layers affected in the small bowel pathology 28

COMMON SMALL BOWEL DISEASES FOUND ON CT ENTEROGRAPHY

a. CROHN’S DISEASE 29,30

Most commonly involves the small intestine, particularly the distal ileum. Might also have

extra-intestinal manifestations too. In the small bowel, it usually involves the transmural

portion. The major diagnostic purpose in conducting CT Enterography is to distinguish active

inflammatory strictures in Crohn’s disease from fibrotic strictures. Active bowel disease is

more likely to be treated medically, whereas surgery and stricturoplasty might be required in

the setting of fibrotic strictures.

Figure 5: CT

illustrating the

Crohn’s disease
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Mucosal hyperenhancement with wall thickness of >3mm and mural stratification with a

prominent vasa recta giving it a comb sign appearance. Mesenteric fat stranding present.

Most sensitive indicator of active Crohn’s disease is Mural enhancement.

Visualisation of bowel wall layers on CT is known as Mural stratification.

The edematous small bowel will be have a trilaminar appearance on CTE, with enhanced

outer serosal and inner mucosal layers and an interposed submucosal layer of lower

attenuation which is not specific to Crohn’s disease.

This can also be found in inflammatory bowel diseases and even in some cases of bowel

ischemia. Prominence of the vasa recta adjacent to the inflamed loop is what is seen as

the “comb sign”. Strictures developed as the complications can also be identified on CT

enterography 30.

b. ULCERATIVE COLITIS

Ulcerative colitis is characterized by a continuous pattern of involvement of the bowelwall,

unlike the presence of skip lesions that are present in Crohn’s disease.It mainlyinvolves the

large bowel and fracture in few cases tends to involve the terminal ileum-“Backwash ileitis”

31. There will be a normal appearance of the bowel in the early stage

ofulcerativecolitis.HencethecolonoscopyhasprimarydiagnosticvaluethanCTenterography in

the ulcerative colitis. Progressive ulcerative colitis might be leading to formation of pseudo-

polyp with mural thinning that may be seen in CT 31 .
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Figure 6: Axial CT showing continuous involvement of the large bowel and backwash

ileitis suggestive of ulcerative colitis.

c) GASTROINTESTINAL TRACT BLEEDING 32

Bleeding in the GI tract is multifactorial. Usually upper and lower GI tract endoscopy is

preferred as an initial evaluation. If the endoscopy results are inconsistent then multiphase

CT may be helpful.

Triple phase CT Enterography has been very useful in detecting as well as localizing the site

of gastrointestinal bleed. In a study by Hara and colleagues in which the enteric phase CT

images were acquired at 20 seconds and delayed phase images were acquired at 90 seconds

after the arterial phase, the overall sensitivity and specificity of CT was found to be 33% and

89% respectively. Specificity was highest among patients experiencing a first episode of GI

tract bleeding and lowest among those with occult bleeding. The gradual bleed was

accumulation of contrast material within the bowel lumen. Angiodysplasia is the most

common cause of occult GI tract bleeding32.



17

d) SMALL BOWEL NEOPLASMS

Clinically rare. They usually have nonspecific clinical signs and symptoms that results

indelayeddiagnosis.TheseareoneofthecausesofoccultGItractbleeding,attimesleading to bowel

obstruction. They include tumors such as adenocarcinoma, carcinoid,GIST, lymphoma and

also metastases. Performing CTE with an adequate distension of small bowel with a neutral

oral contrast, IV administration of an iodinated contrast and an optimized CTE protocol,

makes it a reliable method for diagnosis and staging of small-bowel neoplasms33.

Benign GISTs usually can arise from any part of the small intestine but malignant GISTs

are commonly seen involving the distal small bowel. Most of the GISTs are extra-luminal,

while there are few instances were they have been found to be endo-luminal as well. Most

common locations include, the stomach > small bowel. Others include the colon and

esophagus 34.

To distinguish between benign and malignant GISTs have always been difficult on imaging;

however, Ulusan et al reported CT findings that were statistically linked to the mitotic index

of GISTs. This may be helpful in differentiating benign GISTs from malignant ones.

Amongst tumors of high mitotic index, the CTE findings were-Lesion size >5 cm,

heterogeneous enhancement, gastric location, metastases and cystic-necrotic component 35.



18

Figure 7: Axial and Coronal sections of Large exophytic mass in ileal loop

Hatzaras I et al., in a series of 1260 small bowel cancers that were imaged, found that the

Carcinoid tumors being the most common primary small bowel malignancy that was

identified histologically, followed by lymphomas and adenocarcinomas 36.

Adenocarcinoma might manifest as an annular narrowing with a discrete mass or an

ulcerative plaque and is most frequently observed in the duodenum. It may lead to

progressive small bowel obstruction, intussusception or perforation 37.

Lymphoma: Most commonly seen involving the ileal segment. It can be seen as a discrete

polyp, nodular filling defect, infiltrating lesion or anterior CSF space exoenteric mass.

Lymphadenopathy is not uncommon. With good bowel distention, nodular thickening may

mainly involve only the terminal ileum in cases of small bowel lymphoma. This may be

further lead to intussusception and other complications37.

e) CELIAC DISEASE 38,39

It is a chronic inflammatory disease involving the small bowel. Usually seen in genetically

susceptible population. Caused either by gluten or other environmental cofactors. Patients

either are asymptomatic or may clinically have symptoms of malabsorption.

CT Enterography findings are-

Dilatation of small bowel, intussusception and villous atrophy. At times there may be

jejunization of the ileum, which is seen as a reduction in jejuna folds with increasing folding

pattern in the ileum38.
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Other imaging findings-Transient small bowel intussusception, increased splanchnic

circulation, abdominal and retroperitoneal lymphadenopathy. In those patients with celiac

disease due to T-cell clonal proliferations, increased mortality is seen, particularly due to

enteropathy-type T-cell lymphoma. Polypoidal involvement of the small bowel wall is seen

in lymphomatous infiltration of celiac disease 38,39.

Figure 8: Axial and coronal view of celiac disease.

f) MESENTERIC ISCHEMIA40,41

CT Enterography when performed with multiphase or dual phase technique can accurately

detect the cause of mesenteric ischemia. It is critical that radiologists understand the

underlying disease process so as to accurately interpret the findings and diagnose the cause

of mesenteric ischemia.

Causes-

 Arterial occlusion or compromise

 Venous occlusion

 Low flow states like poor cardiac output or hypovolemia.
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g) INTESTINAL TUBERCULOSIS 42,43

Most frequent site involved is the ileo-cecal region accounting for about 90% of the cases

of gastrointestinal TB. CT may show circumferential wall thickening in the cecum

andterminalileum.IncompetenceofileocecalvalveappearstobecommoninTBbutuncommon in

Crohn’s disease. Among extra-intestinal findings, the central low attenuation lymph nodes,

indicative of caseous necrosis is a favourable CT finding of TB.

Figure 9: CT enterography illustrating the two short segmental circumferential

enhancing wall thickening involving proximal ileal loop indicated by white arrows.

Associated with pre-stenotic bowel dilatation suggestive of the intestinal TB
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Table 3: Intestinal TB versus Crohn's disease44
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Table 4: Recommended radiology report impression statement for small bowel diseases

on CT enterography.
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Furukawa A et al suggested that MDCT Enterography due to its high temporal resolution

and reduced section thickness, helps in better visualization of mesenteric vessels, fat

stranding and characterizing bowel wall changes, like edema or thickening 41.

Figure10-Axial CT enterography section obtained in the arterial phase shows an

abnormal small bowel segment with wall thickening and hypoenhancement (white

arrows), findings indicative of ischemia due to thrombo-embolic occlusion (black

arrow)of the superior mesenteric artery.
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A single-center, cross-sectional, analytical study, over a period of 2 years by Bhalothia S

et al has recently(2020) reported their findings from the role MDCT bowel conducted on

43 patients. 9/43 cases (20.93%) were of malignant pathologies, 20 cases were of non-

malignant mural pathologies (46.51%). 14 cases were found to be other intra-luminal or

extra-luminal pathologies. The common bowel wall patterns found in their study was non-

neoplastic pathologies. Among which, 50% were segmental, 70% symmetrical with mild-to-

moderate wall thickening, almost 95% of the lesions were homogeneous and stratified

attenuation patterns and heterogeneous enhancement patterns were found among 60% with

distal bowel involvement in primary malignancy cases. Mean wall thickness in malignant

pathologies 21.56±15.68mm and mean wall thickness of non-malignant pathologies was

7.85±3.69mm. This difference was statistically significant with the significant p value of

0.031 45.

Sheikh MT et al, in the year 2017, conducted a study to look for the efficiency of MDCT in

assessing various bowel pathologies. They had enrolled 60 patients over a period of 2

years.12 patients were diagnosed with appendicitis using axial, Multi-planar Reconstruction

(MPR) and curved MPR images. Inflammatory bowel diseases was found in 28 cases. Out of

these 28 cases, 7 persons were diagnosed with ileo-cecal tuberculosis, 4 of them had been

diagnosed as idiopathic IBD and the rest 17 patients were reported to have non-specific

colitis and these patients responded well with antimicrobial treatment. The conclusion of this

study was that in case of SBO, the sensitivity and specificity of MDCT inaccurately

demonstrating the site and cause of obstruction was high46.

Another radiological trial done by Megally HI et al, in the year 2015, conducted a study

on thirty nine patients suspected to have small bowel diseases were examined with 64
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MDCT Enterography. The most common criteria found in the neoplastic group in MDCT

was asymmetric, segmental marked wall thickening, that is in 100% of them. 13/17(76.5%)

were found with marked wall thickening, 9(53%) with homogenous wall enhancement.

Whereas 100% of them were found with involvement of the submucosa.

The ileum involvement among 7 patients (41.2%) and 11/17 were found with associated

enlarged mesenteric lymph nodes. Non-neoplastic cases were found with symmetric, mild to

moderate wall thickening, homogenous enhancement involving the mucosa/submucosa of the

ileum/jejunum. Mesenteric Lymphadenopathy and/or changes in the mesenteric vessels were

additionally seen 47.

Vandenbroucke F et al in the year 2007,conducted a study by using MDCT enterography

in patients with small bowel Crohn’s at 40 and 70sec delay after contrast. The sensitivity,

specificity, negative predictive value, positive predictive value and accuracy for active

Crohn's disease in the terminal ileum ranged from 40 to 90%, 88 to100%, 70 to 94%, 44 to

100%, and 69 to 96%, respectively. There was no statistical difference between the two

phases for each reader. There was no statistical significance between the two groups48.

Macari M et al in the year 2007, in their review on MDCT for small bowel diseases have

suggested  The differential diagnosis of the abnormal small bowel is extensive, including

variants and pitfalls, inflammatory conditions, and neoplasms. Optimal evaluation of an

abnormal small-bowel loop is facilitated when the small bowel is well distended, IV contrast

material has been administered, and thin-section CT is used. CT enterography should be used

when a clinical concern exists for small-bowel disease. A patterned approach in recognizing

the small bowel pathology can be used to narrow the differential diagnosis 24.
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Paulsen SR et al in the year 2006, in the review article including 700 patients suggested that

CT enterography is a powerful tool in the evaluation of small bowel disease. Adequate

luminal distension can be achieved with oral ingestion of a large volume of neutral enteric

contrast material in the evaluation of diseases affecting the mucosa and bowel wall, thereby

obviating nasogastric intubation and making CT enterography a useful, well-tolerated study

in this setting. The capacity to help accurately determine the severity and extent of Crohn’s

disease has made CT enterography the first-line modality at our institution in patients with

suspected inflammatory bowel disease 26.

Another study by Booya F et al in the same year reported their CT Enterography findings.

The distended jejuna loops had significantly greater attenuation than distended ileal loops

with 113HU v/s 72HU with the significant p value of<.001. Attenuation of collapsed jejunal

and ileal loops was greater than that of distended jejunal and ileal loops. Terminal ileal

enhancement was the most sensitive visual CT finding of Crohn’s disease for both

radiologists. Mural thickening demonstrated the greatest inter-observer agreement. Visual

enhancement and quantitative mural attenuation were significantly correlated with a p value

of <.003 49.

Hara K et al had conducted a study to depict abnormal findings in the same patients

suspected of having Crohn’s disease using four diagnostic small-bowel imaging techniques.

The observations were- Crohn’s disease was depicted by capsule endoscopyin 12 patients

(71%), ileoscopy in 11 patients(65%), CT Enterography in 9 patients(53%),and Small bowel

follow-through (SBFT) in 4 patients(24%). The highest diagnostic yield was by Capsule

endoscopy and SBFT was the lowest. But no statistically significant difference was found.

Also, extra-intestinal findings such as mesenteric adenopathy in two patients, peri-anal and
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entero-colic fistulas in one patient was depicted by CT Enterography and SBFT, which was

not detected endoscopically. Hence, in non-obstructive small bowel diseases, they reported

that CT Enterography is a better approach.22

Zhang LH et al assessed the feasibility and usefulness of MDCT Enterography with orally

administered iso-osmotic mannitol as a negative contrast in demonstrating small bowel

disease. They found 3 cases of small bowel adenocarcinoma, 6 cases of GIST. All these

masses were subserosal with typical features of vasa recti. Apart from this, therewere 9

cases of Crohn’s disease with 14 segments involved. Post-operative adhesions found in 4

cases and signs of bowel ischemia were present in five cases. One case was found to be

have ileo-ileal intussusception. And rest of them with duodenal stasis.

HencetheyconcludedthatMDCTenterographywithiso-osmoticmannitolasanegativecontrast

to distend the small bowel is a simple, rapid, noninvasive and effective method of

evaluating small bowel disease.50

Raptopoulos V et al, in the year 1997, found that 21 out of 22 patients who were recruited in

their study, presented with the symptoms of IBD, were found with the positive signs on

helical CT. The inter-observer agreement was also 78%. The findings on helical CT was

compared with that of barium studies in 9/14 patients. The inference of this particular study

was that the helical CT was found to be superior to the barium studies. Therefore, it was

concluded that the CT enterography as a useful technique for small bowel imaging. In those

patients with Crohn's disease having complications, multi-planar imaging improved

confidence in assessing the presence and extent of disease. CT enterography is therefore,

complementary and often superior to conventional barium studies.51
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METHODOLOGY

SOURCE OF DATA:

Cases of suspected small intestinal disease who will be referred to undergo Multi-

detector Computed Tomography (MDCT) Enterography at the Department of Radio-

Diagnosis in SDM Medical College and Hospital from the year December 2019 to

May 2021.

STUDY DESIGN: Prospective observational study.

STUDY AREA: SDM Medical College and Hospital, Dharwad-580009

STATISTICAL ANALYSIS:

Statistical analysis will be performed using statistical package of social sciences

(SPSS) Version 40. Descriptive statistics will be applied wherever needed. Diagnostic

accuracy will be ascertained using sensitivity, specificity, positive predictive value

and negative predictive value. p value <0.05 will be considered as statistically

significant.

METHOD OF COLLECTION OF DATA:

In this study, the cases with suspected small bowel disease who will be referred to

the Department of Radio-Diagnosis at SDM College of Medical Sciences and

Hospital for the purpose of undergoing MDCT Enterography will be included.

The details of the patients like name, age, sex, detailed clinical history will be taken

with follow-up/ surgical/ histopathological correlation done later.
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TECHNIQUE:

Patients undergoing MDCT Enterography were asked to withhold oral intake for a

duration of about 4 hours prior to examination. 0.2% mannitol suspension(100ml)

was administered as a neutral oral contrast agent mixed in 1.35L of water.

A total of 1.35 Level of mannitol was administered over 1 hour (450 ml at 30 minutes,450

ml at 20 minutes, 225ml at 10minutes, 225ml before scanning).On ingestion of oral

contrast, intravenous contrast (60-80 ml) was injected, then 50 ml of saline solution was

administered using a power injector at a rate of 3.5ml/sec. Helical scanning was then

performed using a 128 slice MDCT scanner, starting from the diaphragm to the symphysis

pubis.

This was a triple phase study that included, late arterial, venous and delayed phase. Late

arterial phase is 35-40sec per injection or 15-20sec after bolus tracking. Venous phase is

70-80sec per injection or 50-60sec after bolus tracking. Delayed phase is 6-10min per

injection or 6-10 min after bolus tracking).Post-processing techniques that were included

were axial image reconstruction with a section thickness of 1 mm, reformatting of axial

image data for maximum intensity projections and volume rendering when required. Small

bowel abnormalities were then assessed, according to these criterias proposed by Macari et

al.

The presence of any small bowel disease will then be interpreted by MDCT Enterography.
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INCLUSION CRITERIA:

Cases of suspected small bowel disease who will be referred to undergo MDCT

Enterography during the study period.

EXCLUSION CRITERIA:

Table 5: Exclusion criteria

SAMPLE SIZE ESTIMATION

As per the biostatistician’s opinion, based on the mean of number of suspected cases of small

bowel disorders referred to the Department of Radio-diagnosis, SDM Medical College and

Hospital, Dharwad for MDCT Enterography , the minimal sample size was 40 cases for

satisfactory statistical analysis.
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RESULTS

Table 6: Age in years –Frequency distribution of patients studied

Age in Years No. of Patients %

<30 9 22.5

30-40 8 20.0

41-50 6 15.0

>50 17 42.5

Total 40 100.0

Mean ± SD: 44.90±16.81, p 0.05

Mean age of the study participants was 44.90±16.81 years. Out of which the majority of them

were >50 years old accounting for 42.5%,  followed by 22.5% of the patients aged <30 years.

20% and 15% of the recruited samples were aged between 30 to 40 years and 41 to 50 years

respectively. Prevalence of patients aged >50 years was statistically significant.

Graph 1: Distribution of the age.
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Table 7: Gender- Frequency distribution of patients studied

Gender No. of Patients %

Female 17 42.5

Male 23 57.5

Total 40 100.0

57.5% of the recruited patients were male and the rest 42.5% were females.

Graph 2: Distribution of gender.
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Table 8: Site involved - Frequency distribution of patients studied

Site
Gender

Total
Female Male

PROXIMAL 6(35.3%) 11(47.8%) 17(42.5%)

DISTAL 10(58.8%) 12(52.2%) 22(55%)

BOTH 1(5.9%) 0(0%) 1(2.5%)

Total 17(100%) 23(100%) 40(100%)

p 0.514

On analyzing the site of intestine involved, majority of the patients, accounting for

about 55% (22/40) had presented with distal bowel involvement and 41% (17/40) had

proximal bowel involvement. Whereas one female patient had presented with both

proximal as well as distal bowel involvement. Out of 22 patients with distal bowel

involvement, 10 (58.8%) were females and 12(52.2%) were males. Of those 17

patients with proximal bowel involvement, 6 (35.3%) and 11 (47.8%)were female and

male patients respectively.

Graph 3: Distribution of the site of the small bowel involved.
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Table 9: LAYERS OF THE BOWEL AFFECTED- Frequency distribution of patients

studied

LAYERS AFFECTED
Gender

Total
Female Male

ALL 6(35.3%) 10(43.5%) 16(40%)

MUCOSA 9(52.9%) 9(39.1%) 18(45%)

MUSCULARIS PROPRIA 1(5.9%) 0(0%) 1(2.5%)

SEROSA 0(0%) 2(8.7%) 2(5%)

SUBMUCOSA 1(5.9%) 2(8.7%) 3(7.5%)

Total 17(100%) 23(100%) 40(100%)

p 0.615

45% (18/40) of the patients were observed to have involvement of the mucosal layer,

out of which nine were males and 9 females.40% (16/40) were shown to have

involvement of all the layers, of which six were females and the other ten were male

patients. Involvement of muscularis propria, serosa and submucosa was observed

among 1 (2.5%), 2 (5%) and 3 (7.5%) of the patients respectively.

Graph 4: Distribution of the layers of the small bowel affected.
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Table 10: WALL ENHANCEMENT PATTERN- Frequency distribution of patients
studied

WALL ENHANCEMENT PATTERN
Gender

Total
Female Male

"TARGET" APPEARANCE 1(5.9%) 3(13%) 4(10%)

DIMINISHED 1(5.9%) 3(13%) 4(10%)

HETEROGENEOUS 1(5.9%) 1(4.3%) 2(5%)

HOMOGENEOUS 14(82.4%) 16(69.6%) 30(75%)

p 0.8

Majority of the patients, accounting for about 75% (30/40) , were observed to have

homogeneous enhancement patterns. Of which 14 (82.4%) were females and the rest

16 (69.6%) were males. Target appearance and diminished enhancement was observed

among 10% (4) patients each. Among these, 3 were males and one was a female

patient. 5% (2) patients, one being male and one female, were observed showing

heterogeneous enhancement pattern on CT enterography.

Graph 5: Distribution of wall enhancement pattern.
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Table 11: LENGTH OF THE SMALL BOWEL INVOLVED

LENGTH OF THE SMALL BOWEL INVOLVED
Gender

Total
Female Male

DIFFUSE 6(15%) 0(0%) 6(15%)

FOCAL 10(58.8%) 11(47.8%) 21(52.5%)

SEGMENTAL 4(23.5%) 12(52.2%) 16(40%)

p 0.004

Majority of the patients, accounting for about 52.5% (21/40) had focal lesions, of

which 11(47.8%) were males and 10(58.8%) females. Followed by, 40% (16/40) with

segmental bowel involvement. Out of these 12(52.2%) and 4(23.5%) were male and

female participants respectively.Then six females were found to have diffuse intestinal

involvement. Prevalence of focal lesions in both genders was statistically significant.

Graph 6: Distribution of the length of the small bowel involved.
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Table 12: MURAL THICKNESS

MURAL THICKNESS
Gender

Total
Female Male

MILD 13(76.5%) 17(73.9%) 30(75%)

MODERATE 1(5.9%) 3(13%) 4(10%)

SEVERE 3(17.6%) 3(13%) 6(15%)

p 0.76

75% of the patients ,presented with mild mural thickness, of which 13 female and 17

male patients were seen. 15% of the study participants, presented with severe mural

thickness observed in 3 female and 3 male patients. 4 patients with moderate mural

thickness, 1 was female and 3 were male patients.

Graph 7: Distribution of mural thickness
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Table 13: PROBABLE DIAGNOSIS ON CT

DIAGNOSIS ON CT No. of Patients %

CROHN’S DISEASE 2 2.5

CARCINOID TUMOR 2 5.0

CROHN’S DISEASE/ ABDOMINAL TUBERCULOSIS 1 2.5

DUODENAL POLYP 1 2.5

GIST IN ILEUM 1 2.5

ILEOCECAL GROWTH- MOST LIKELY MALIGNANT 1 2.5

ABDOMINAL TUBERCULOSIS 10 25

SEALED OFF JEJUNAL PERFORATION 1 2.5

SMALL BOWEL OBSTRUCTION 14 35

MESENTERIC ISCHEMIA 7 17.5

Majority of the patients who presented with small bowel obstruction accounted for

about 35% followed by abdominal tuberculosis in 25% of the patients. Then

mesenteric ischemia was found among 17.5% of these patients .Two patients were

found with carcinoid tumor and the other probable diagnosis were GIST in ileum,

ileocecal growth which was most likely malignant, Crohn’s disease, Crohn’s

disease/abdominal tuberculosis and sealed off jejunal perforation.
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Graph 8: Probable diagnosis on CT
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Table 14: MANAGEMENT

MANAGEMENT N (%)

CONSERVATIVE 16(40%)

SURGICAL 24(60%)

Of all the diagnosis, 60% of the patients required a surgical line of management and the

remaining 40% were managed conservatively.

Graph 9: Distribution of the management.
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Table 15: SURGICAL PROCEDURE
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Conservative management was done in 16 (40%) of the patients. Of the 24 patients who

underwent surgical management, 23 were managed with laparotomy and one patient with

laparoscopy. 12.5% (5/40) of the patients were found to have adhesions and underwent

adhesiolysis. Rest others, who were diagnosed with tumors, underwent resection and the

specimen was further sent for histopathology.

Table 16: HISTOPATHOLOGY

HISTOPATHOLOGY
No. of

Patients
%

CARCINOID TUMOR 1 2.5

CROHN'S DISEASE OF ILEOCECAL REGION 3 7.5

GANGRENOUS ILEITIS 1 2.5

GIST- HIGH GRADE, SPINDLE-TYPE 1 2.5

ILEAL STRICTURE WITH ISCHEMIC CHANGES 1 2.5

ILEOCECAL ADHESION 1 2.5

ILEOCECAL TUBERCULOSIS 8 20

NON-SPECIFIC INFLAMMATION OF SMALL INTESTINE 1 2.5

WELL-DIFFERNETIATED ADENOCARCINOMA-DISTAL ILEUM
BIOPSY

1 2.5

WELL-DIFFERNETIATED NEUROENDOCRINE TUMOR 1 2.5

7 (20%) of them were found to have ileocecal TB, followed by the Crohn’s disease of

ileocecal region. Other histopathological findings were GIST (spindle type), gangrenous

ileitis, strictures with adhesions, non-specific inflammation, well- differentiated
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adenocarcinoma and neuroendocrine tumors in one patient each.

Table 17: SITE/ LAYERS AFFECTED/ WALL ENHANCEMENT PATTERN/
LENGTH OF THE SMALL BOWEL INVOLVED/ MURAL THICKNESS
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Majority of the patients were managed with the surgical intervention.
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DISCUSSION

Role of CT in the field of radiology has a history since 1970. After the introduction of it,

has led to wide application in the field of radio-diagnosis and also making it easier for the

identification of size and site of tumors more accurately while operating. But the role of it

was restricted to solid abdominal organs before. As the research went on, the CT

enterography and enteroclysis had become popular diagnostic tools in analyzing the small

bowel pathologies. MDCT enterography provides more precise diagnosis and hence the

early detection and further management of bowel pathology can take place. There are no

much evidences regarding this purpose. Hence we took a study to analyze the role of

MDCT Enterography in evaluating small bowel diseases.

Mean age of the study participants was 44.90±16.81 years. Out of which the majority of

them were >50year old, accounting for 42.5% followed by 22.5% of the patients aged

<30 years. 20% and 15% of the recruited samples were aged between 30 to 40 and 41 to50

years respectively. Sheikh M T et al also observed only five patients <25years old.

In our study, 57.5% of the recruited patients were males and the rest 42.5% were females.

Similar to our study, Sheikh MT et al also observed 45% females and the rest 55% males in

their study.

On analyzing the site of intestine involved, majority of the patients accounting for

about55% (22/40) had presented with distal bowel involvement and 41% (17/40) had

proximal bowel involvement. Whereas one female patient had presented with both

proximal as well as distal bowel involvement. Out of 22 patients with distal bowel

involvement, 10(58.8%) were females and 12 (52.2%) males. Of those 17 patients with

proximal bowel involved, 6 (35.3%) and 11 (47.8%) were female and male patients

respectively. Contrary to our findings, abdominal TB was the commonest finding in Sheikh
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MT et al.

In our study, 45% (18) patients were observed with the involvement of the mucosal layer,

out of which nine were male and nine female patients. 16(40%) had shown involvement of

all the layers, of which six were females and the other ten male patients. Involvement of

Muscularis propria, serosa and submucosa was observed among the 1(2.5%), 2(5%) and

3(7.5%)of the patients respectively.

We observed that the majority of the patients, accounting for about 75% (30/40) , were

observed to be having homogeneous enhancement pattern. Target appearance and

diminished enhancement was observed among 10% (4) patients each. Two patients were

observed with the heterogeneous enhancement pattern on CT enterography. Homogenous

wall thickening was the commonest bowel finding in Sheikh M T et al also.

In the present study, majority of the patients accounting for about 52.5% (21/40) had focal

lesions followed by the 16(40%) with segmental bowel involvement. Then six females were

found to  have diffuse small intestinal involvement. Similar to our study, Megally et al

found that patients with neoplastic lesions had presented with segmental, asymmetric,

marked wall thickening with homogenous wall enhancement, involving the mucosa and

submucosa of the ileum associated with enlarged mesenteric lymph nodes. Segmental wall

thickening was found in 82.3%, asymmetric wall thickening in 100% of the neoplastic

lesions. Marked wall thickening was found in 76.5% out and homogenous wall enhancement

53%. Submucosal involvement was 100% of their study population. Ileum was involved in

41.2% and associated enlarged mesenteric lymph nodes among 64.7%. Segmental wall

thickening was found in 10 patients (45.5%), symmetric wall thickening was found in 18

patients (81.8%), mild and moderate wall thickening was found in 18 patients (81.8%),

homogenous wall enhancement was found in 12 patients (54.5%).
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In our study 75% of the patients were presented with mural thickness, of which 13 female

and 17 male patients were seen.15% of the study participants, out of which 3 were females

and 3 males were found to have severe mural thickness . 4 patients had moderate mural

thickness, in which 1 was female and 3 were male patients.

Of all the diagnosis, we observed 60% of the patients required a surgical line of

management and the remaining 40% were managed conservatively. Majority of the

patients had undergone exploratory laparotomy.

The majority of the patients in our study, presented with small bowel obstruction accounting

for about 35%, followed by abdominal tuberculosis in 25% of the patients. Then mesenteric

ischemia was found among 17.5%. Two patients were found to have carcinoid tumor and the

other probable diagnosis were GIST in ileum, ileocecal growth which was most likely

malignant, Crohn’s disease, Crohn’s disease/ abdominal tuberculosis and sealed off jejunal

perforation. Similar to our study, Sheikh MT et al also observed that the prevalence of

inflammatory bowel diseases was high which consisted of 28 cases out of which seven

patients were diagnosed with intestinal Koch's disease. 4/12 patients had idiopathic

inflammatory bowel diseases. Rest of the 17 patients were reported to have findings of non-

specific colitis and they responded well with antibiotic treatment. Also in their study, 12

patients were diagnosed to have  appendicitis. Axial, Multiplanar Reconstruction (MPR) and

curved MPR images were used in their study.

Whereas the study by Kaleya RN et al has reported that mesenteric venous thrombosis

prevalence being < 15%, but potentially lethal. Also in the study by Hara et al reported 71%

presenting with Crohn’s disease. Similar to our observations, Megally et al also found the

prevalence of involvement of submucosa of the small bowel in 86.4% to 90.9% of patients,
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having both ileal and jejunal involvement. Associated enlarged mesenteric lymph nodes were

found in 31.8% of the patients and mesenteric vessel changes in about 40.9% of the patients.

Conservative management was done in 16 (40%) of the patients in our study and rest were

manages surgically. Of the 24(60%) patients who underwent surgical management, 23 were

managed with laparotomy and one patient with laparoscopy. 12.5% (5/40) of the patients

were found to be have adhesions and underwent adhesiolysis. Rest who were diagnosed with

tumors, underwent resection and the specimen was further sent for histopathology.

In our study, findings on histopathology showed 7 (20%) of them having ileocecal TB,

followed by Crohn's disease of the ileocaecal region. Other histopathological findings were-

GIST(spindle type), stricture and adhesions, gangrenous ileitis, stricture with adhesions, non-

specific inflammation, well differentiated adenocarcinoma and neuroendocrine tumours in

one patient each.

LIMITATION- The sensitivity, specificity, positive predictive value and negative predictive

value could not be calculated as all the recruited patients showed significant findings on CTE

and some of which were also confirmed by histopathology, hence we could not find the false

negative parameter required for the calculation.
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CONCLUSION

Based on our study, the prevalence of small bowel diseases was higher among the patients

aged more than 50 years with male predominance. Majority of the patients had distal bowel

involvement. The prevalence of lesions involving mucosal layer was commonly observed

followed by all the layers (Submucosal, Muscularis propria and serosa). Homogeneous wall

enhancement with focal involvement and mild mural thickness were the  common findings on

CT enterography. Small bowel obstruction followed by abdominal tuberculosis were the

most common diagnosis on CTE, found in 35% and 25% of the patients respectively.

Majority of them, about 60% of the patients required surgical management among which

laparotomy was the commonest procedure involved. In about 19 out of 40 patients, diagnosis

was further confirmed by histopathological evaluation.
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SUMMARY

We conducted a prospective observational study to analyze the radiological features of small

intestinal diseases using Multi-detector Computed Tomography (MDCT) Enterography.

Patients suspected to have small bowel diseases were referred to undergo Multi-detector

Computed Enterography during the study period from Dec 2019 to May 2021.

All the demographic details, clinical symptoms and signs had been noted down. Obtained data

were entered in the MS Excel sheet and analyzed by SPSS software using suitable statistical

analysis.

After analysis we observed that the prevalence of small bowel diseases was higher among the

patients aged >50 years with male predominance. 55% of the patients had distal small bowel

involvement followed by proximal bowel in 42.5%. The prevalence of lesions involving the

mucosal layer was observed in about 45% and rest (such as submucosa, Muscularis propria and

serosa) was 40%.

Homogeneous wall enhancement was the most common type of bowel enhancement seen in 75%

of the patients, followed by target appearance and diminished wall enhancement observed in

10% each of the CT enterography. Focal involvement was seen in the majority of the patients

(52.5%) with the mild mural thickness (75%). Small bowel obstruction was the commonest CT

diagnosis (45%), followed by abdominal tuberculosis in 25% of the patients. 60% of the patients

required surgical management and the rest 40% were managed with conservative management.
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Among the patients who underwent surgical management, laparotomy was the commonest

procedure involved and the majority of the patients were confirmed by histopathological

evaluation.
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IMAGE GALLERY

(A) (B)

(C)

Figure 11: (A) Axial Non-Contrast (B) Axial Contrast-Enhanced and  (C) Coronal Contrast-
Enhanced computed tomography scans of a Gastrointestinal stromal tumor (GIST) involving
terminal ileum: An exophytic,  well-defined, heterogeneously enhancing soft tissue mass lesion
is noted in the pelvis adjacent to the distal ileal loops on right side. Minimal surrounding fat
stranding noted. Few non enhancing areas are noted with cystic components. Mild wall
thickening of adjacent ileal loop noted with ill-defined fat planes. Biopsy proven GIST.
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(A)

(B)

Figure 12: (A) Axial Non-Contrast (B) Coronal Contrast-Enhanced computed tomography scans
showing ileocecal tuberculosis. There is evidence of long segment eccentric wall thickening
involving terminal ileum, ileo-cecal junction and caecum for length of approximately 7cm with
maximum thickness measuring about 14mm. Multiple mildly enlarged homogenously enhancing
ileocecaland  mesenteric lymph nodes, largest approximately measuring 21 x 15 mm.
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(C) Axial non-contrast CT images of the same patient in lung window showed ill-defined
centrilobular nodules with tree in bud appearance and consolidation noted in the right upper
lobe.----Features consistent with pulmonary tuberculosis.

(A) (B)
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(C)

Figure 13: (A) Axial Non-Contrast (B) Axial Contrast-Enhanced and (C) Coronal Contrast-
Enhanced computed tomography scans showing circumferential mild thickening of terminal
ileum and ileocecal junction. Significant surrounding fat stranding and mild free fluid
noted.Clumping up of the distal ileal loops in the pelvis. Few enlarged homogenously enhancing
mesenteric group of lymph nodes noted, some of them showing calcifications. Biopsy proven
Chronic granulomatous inflammation (Tuberculosis).

(A)
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(B)

Figure 14: (A) Axial Non-Contrast and (B) Axial Contrast-Enhanced computed tomography
scans showing Crohn’s disease involving distal ileum. There is evidence of diffuse long segment
mild circumferential wall thickening is seen involving distal ileum with associated mild luminal
narrowing.  Significant engorged and thickened enhancing mesenteric vessels noted.  Marked
blue arrow shows a focal out-pouching is seen along mesenteric border of distal ileum measuring
17 x 11 mm.

(A) (B)
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Figure 15: (A) and (B): Non-Contrast , Axial computed  tomography scans of closed loop
proximal small bowel obstruction due to adhesion / band.There isabnormal dilatation of the
jejunal and proximal ileal loops, maximum diameter measuring 3.6cm with abrupt narrow zone
of transition in mid jejunal loop in umbilical region. There is mild dilatation of bowel loops
proximal and distal to the obstruction with narrowing at same point.

(A) (B)

Figure 16: (A) Axial Contrast-Enhanced and (B) Coronal Contrast-Enhanced computed
tomography scans showing subacute small bowel obstruction, secondary to mesenteric
occlusion.The marked white arrow shows  long segment eccentric, intraluminal, non-enhancing,
hypodense partial thrombus is seen involving the lower inferior thoracic and abdominal aorta up
till the bifurcation (along its left lateral aspect). The marked blue arrow shows thrombosis
involving the mid and distal portion of superior mesenteric artery extending into its terminal
branches. There is mild dilatation of proximal and mid ileal loops. No significant bowel wall
thickening/ intramural air pockets noted.
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(A) (B)

(C)
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(D)

Figure 17: Computed tomography scans showing carcinoid tumor involving the proximal
ileum.(A) Non-contrast axial, (B) Contrast-enhanced axial and (C) Contrast-enhanced axial and
coronal images – Marked blue arrow shows a short segment, intensely enhancing, symmetrical
transmural thickening involving proximal ileal loop with resultant significant luminal narrowing.
The length of involved segment, measures 18 to 20mm with maximum thickness of 7 to 8mm.
Focal mesenteric fat stranding with thickening seen. (D) Contrast-enhanced axial image- Marked
yellow arrow shows few ( 3 to 4) enlarged intensely enhancing mesenteric lymph nodes seen,
largest measuring 25 x 20mm. Proximal ileal loops show mild wall thickening and edema.
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Figure 18: Axial Contrast-Enhanced CT scan showing duodenal polyp. Marked yellow arrow
shows an eccentric mildly enhancing soft tissue lesion in the second part of duodenum,
measuring 9 mm.
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ANNEXURE-1

PROFORMA

INITIAL ASSESSMENT

Name:                                                                                            OP no:

Age:                                                                                               IP no:

Sex: DOA:

Occupation:                                                                                   DOD:

Address:

Chief complaints:

History of present illness:

Pain abdomen Loss of appetite

Altered bowel habits                                                                   Others:

History of past illness (comorbidities):

Family history:
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Personal history:

General physical examination:

Pulse:                                                          BP:                                                   Temp:

Pallor:                                                         Icterus : Cyanosis:

Clubbing:                                                   Lymphadenopathy:                           Edema:

Systemic Examination:

CVS :                             R/S: P/A:                      CNS :

Hb                                                                                           BT/CT

TLC                                                                                        PLATELET COUNT

RBS                                                                                         HIV, HbsAg, HCV
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ANNEXURE-2

INFORMED CONESENT FORM

SDM COLLEGE OF MEDICAL SCIENCES & HOSPITAL SATTUR,

DHARWAD, 580009

INFORMED CONSENT FORM

I _____________________________________________ declare that I have been informed in
detail about the dissertation- “ROLE OF MULTIDETECTOR COMPUTED TOMOGRAPHY
ENTEROGRAPHY IN THE EVALUATION OF SMALL BOWEL DISORDERS” and I hereby
give consent to be included as a subject in it.

I have been informed to my satisfaction by the attending doctor, Dr.NAYANATHARA L
POOJARY, the purpose of the study, that the study includes patients suspected to have small
bowel disorders who will be referred to undergo Multidetector Computed Tomography
Enterography and role of this modality in evaluating small bowel disorders.

I have also been informed about the involved cost and radiation risk associated with

Multidetector Computed Tomography Enterography. This has been explained to me in the
language I understand and I fully consent for the same.

I also give full consent to use the data obtained during the study for the purpose of

publication in professional journals.

Signature of the doctor (investigator)                          Signature of the patient/ relative
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Name of the doctor (investigator)                                   Name:

Signature of the witness:                                                 Relationship:

Name:                                                                              Address:

Address:
Date:
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/ _____________________________________________________________,

“

” ಎಂದು .
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.

.

( ) /

ಸಂಬಂಧ
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ANNEXURE-3

ETHICAL COMMITTEE CLEARANCE
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ANNEXURE-4

SYNOPSIS ACCEPTANCE LETTER
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ANNEXURE - 5

MASTER CHART
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KEY TO MASTER CHART

M- MALE

F- FEMALE

P- PROXIMAL

D- DISTAL

B- BOTH

Mu- MUCOSA

SM- SUBMUCOSA

MP- MUSCULARIS PROPRIA

Se- SEROSA

A- ALL

TA- TARGET APPEARANCE

Ho- HOMOGENEOUS

He- HETEROGENEOUS

Di- DIMINISHED

Fo- FOCAL

Seg- SEGMENTAL

Dif- DIFFUSE

Mil- MILD

Mod- MODERATE

Sev- SEVERE

C- CONSERVATIVE

S- SURGICAL

ND- NOT DONE
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ANNEXURE- 6

PLAGIARISM REPORT
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