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Chapter 4
Radiologic Detection
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CT

CT is a valuable radiologic modality in the workup of occult GI bleeding. CT scans
use X-rays, which produce ionizing radiation, to build cross-sectional images of the
body. The images, or “slices,” are created based on the differential densities of the
internal structures [1]. Densities can be measured directly on the image, utilizing
the Hounsfield Units (HU) scale. CT has high patient throughput and, other than
CTC, requires no patient preparation [2, 3].

Non-contrast CT has limited diagnostic utility in the workup of OGIB due to the
poor contrast resolution of the image. Hemorrhage may be visualized as circumfer-
ential thickening of the bowel wall [4]. Intraluminal hemorrhage may be seen based
on its density (30—45 HU for unclotted blood and 45-70 HU for clotted blood) [5, 6].

Techniques which use oral and/or IV contrast can significantly improve the diag-
nostic utility of CT. Imaging can be timed for assessment of the arteries (CTA), for
identifying sources of active bleeding. CT enterography (CTE) is performed in an
enteric phase (about 50 s after contrast administration) or portal venous phase
(60-70 s after contrast administration) to accentuate bowel wall enhancement.
These techniques can be performed in conjunction with a delayed phase (typically
90 s or longer after contrast administration) to improve conspicuity of bleeding
sites. Standard CT scans with IV contrast can show sources of occult GI bleeding
such as gastric ulcers (Fig. 4.1) and sigmoid adenocarcinoma (Fig. 4.2).
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Fig. 4.1 There is a focal
discontinuity in the gastric
antrum (arrow), relating to
a gastric ulcer. Arrowhead
relates to an adjacent focus
of hemorrhage. Endoscopy
one day later showed a
gastric ulcer with blood
clot and no perforation,
NSAID induced

Fig. 4.2 Precontrast (a) and postcontrast (b) CT shows high attenuation in the lumen of the sig-
moid colon (encircled on b), representing the site of bleeding. Invasive adenocarcinoma was found
on pathology

CT Enterography (CTE)

CT enterography (CTE) allows excellent visualization of the entire bowel wall, as
well as evaluation of extraenteric structures [7]. In this technique, improved visual-
ization of the bowel mucosa is obtained with fluid distention. Standard technique
includes bowel distention with an orally ingested neutral oral contrast (such as
Volumen, a 0.1% weight/volume barium suspension). Routine protocol typically
involves ingestion of a volume of 1.35 liters Volumen in the 45-60 min prior to CT,
with an additional volume of 500 mL water in the last 15 min prior to scanning [7,
8]. Optimal bowel distention is achieved by drinking the oral contrast material
slowly, rather than rapidly.
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Intravenous contrast administration is a required component of CTE. A routine
CTE is performed with a single scan after the administration of IV contrast. Optimal
small bowel wall enhancement corresponds to an “enteric phase”, about 50 s after
the administration of IV contrast [8, 9]. Most institutions perform a single contrast
CTE with a delay of 50 —70 s (portal venous phase).

While a single phase study is typically sufficient in the workup of patients with
Crohn’s disease (Fig. 4.3), a multiphase CTE is often helpful in the workup of
patients with occult GI bleeding [10, 11]. The multiple phases increase sensitivity
for bleeding sites by showing the accumulation of intravenous contrast on more
delayed phases. A non-contrast series is probably not necessary, though some cen-
ters will perform non-contrast imaging to avoid potential confusion from high den-
sity objects such as ingested tablets. Double contrast (arterial and portal venous or
more delayed) and triple contrast (arterial, enteric, and delayed) techniques have
been described [10]. Angiodysplasia can be identified as an avidly enhancing plaque
in the enteric phase [7]. Hara showed a sensitivity of 33% and specificity of 85% in
occult GI bleeding.

Fig. 4.3 CTE demonstrates complications of Crohn’s disease, with ascending colitis (arrowhead
in a) and inflammation related to enterocutaneous fistula (arrow in b). Note the adjacent iliacus
myositis in a. Note the mucosal enhancement and wall thickening (arrows in ¢) in Crohn’s colitis
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Fig. 4.4 CT enterography shows enhancing lesion of the terminal ileum (arrow in a), representing
neuroendocrine tumor. Adjacent mesenteric metastasis is noted (arrowhead in b)

There are good data that video capsule endoscopy (VCE) and CTE provide com-
plementary information [11-17]. While VCE is more sensitive than CTE for muco-
sal lesions, CTE is more sensitive for mural lesions [11, 18, 19]. CTE is more
sensitive for small bowel neoplasms, a more common source of bleeding in younger
patients (see Fig. 4.4). CTE could be considered as a first line of evaluation in
younger patients and those with Crohn’s disease. There are also data that CTE is a
very effective triage tool in determining who may benefit from double balloon
enteroscopy [20].

Disadvantages of CTE include ionizing radiation exposure, potential allergic
reaction to IV contrast, and contrast induced nephropathy. Patients with GI bleeding
are more likely to have compromised renal function, which may preclude the admin-
istration of IV contrast. Disadvantages of VCE include retained capsule.

CT Enteroclysis

In this technique, a neutral contrast is instilled through a fluoroscopically placed
nasojejunal tube. The invasive and labor-intensive nature make enteroclysis a much
less common option, and diagnostic yields have not been shown to be increased [3,
19]. Nevertheless, this option could be considered in patients who cannot tolerate
the large volume of orally ingested contrast required for CTE.

CT Colonography

CT Colonography (CTC) is a non-invasive screening technique for colorectal can-
cer. After a complete bowel preparation, the patient is scanned in supine and prone
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Fig. 4.5 3D-reformatted “fly through” image shows an 8 mm polyp in the sigmoid colon, color
coded red by polyp selecting tool in Vitrea postprocessing software package (a).The polyp is dem-
onstrated on the axial source image through the pelvis (b)

positions, utilizing a low-dose technique [21]. Supine and prone imaging is per-
formed to better detect polyps and move any residual fluid in the colon between the
two positions. 3-dimensional “fly-through” images are created to aid detection, in
addition to the standard 2-dimensional slices (Fig. 4.5).

CT colonography may be considered in patients who cannot tolerate colonos-
copy. After incomplete colonoscopy, CT colonography may have findings 19% of
the time [22]. CT colonography can be obtained the same day after incomplete
colonoscopy. If the patient wishes to have CT colonography instead of colonoscopy,
a full bowel preparation is still required. Several studies have shown a high sensitiv-
ity and specificity for CTC for detecting polyps 6 mm or larger [23, 24].

CT Angiography

CT Angiography (CTA) has greater utility in the workup of patients with acute GI
bleeding [25]. The arterial timing of contrast can be helpful in identifying sites of
active hemorrhage by showing pooling of contrast at sites of active hemorrhage [26,
27]. In patients with intermittent episodes of gastrointestinal bleeding, CTA or mul-
tiphase CT that includes arterial phase is useful for identifying sites of hemorrhage
[28]. See Fig. 4.6, with conventional angiography correlate.
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Fig. 4.6 There is active bleeding from a gastric vascular malformation (arrow in a). Bleeding site
is confirmed at conventional angiography (arrow in b)

Fig. 4.7 Image from a
dual energy CT in a patient
with metastatic renal cell
carcinoma to the small
bowel. Fused image with
iodine map accentuates the
site of contrast
accumulation (arrow),
representing a site of active
hemorrhage

Dual Energy CT

Dual energy CT is a relatively new technology that uses X-rays of different energies
to provide more information than a conventional CT. There is evidence that dual
energy may aid in identifying sites of GI bleeding [29]. Iodine-based CT contrast
can be made more apparent with low energy reconstructions of the CT data, as well
as with iodine maps (Fig. 4.7). There is also potential for radiation dose reduction,
as virtual non-contrast images can be created from the dual energy data.

MR Enterography

MR Enterography (MRE) is a technique to evaluate the small bowel. The oral prep-
aration for MR enterography (MRE) is identical to that of CTE. Intravenous con-
trast is required, as it is with CTE. Advantages over CTE include lack of ionizing
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Fig. 4.8 Coronal T2 weighted image (a) and axial post contrast T1-weighted image (b) show skip
areas of small bowel wall thickening (arrows in a and b), as well as wall hyperenhancement in b.
Findings are compatible with areas of active Crohn’s disease

radiation, reduced risk of contrast allergy, greater contrast resolution, and lack of
contrast induced nephropathy. There is a risk of nephrogenic systemic fibrosis
(NSF), a debilitating multisystem process that affects the skin, with some contrast
agents [30]. MRE has poorer spatial resolution compared to CTE, and artifact
related to bowel peristalsis is greater due to the longer scan times. This can be mini-
mized by giving glucagon by intramuscular injection or slow IV push [31].

MR Enterography is an excellent option in patients who have history of inflam-
matory bowel disease. Complications of Crohn’s Disease are well demonstrated
with MRE (Fig. 4.8), and the cumulative radiation dose from repeated CT exams
can be mitigated with MRE. MRE is also a good option for patients with allergy
to contrast given for CT. A disadvantage of MRE compared to CT is a higher
likelihood of poor or non-diagnostic studies in patients who are unable to tolerate
the oral preparation or to remain motionless for the (longer) duration exam.
Studies have shown that MRE is as or more accurate than CTE in the detection of
small-bowel diseases, particularly in detecting neoplastic diseases [32]. See
Figs. 4.9 and 4.10. Both CTE and MRE have been shown to be effective in evalu-
ating small bowel vascular lesions which may be missed by endoscopy [33, 34],
See Fig. 4.11.

Barium Studies

Barium studies can be useful in the workup of GI bleeding, particularly in patients
who have contraindications for endoscopy. While no longer generally considered a
first line modality, many important findings can be seen with double contrast barium
studies, though diagnostic yields are low compared to endoscopy [35-37]. Barium
studies have no role in the evaluation of patients with active GI bleeding. Double
contrast upper GI exams may show causes of occult GI bleeding such as ulcers and
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Fig. 4.9 Coronal images from MR enterography demonstrate metastatic melanoma (arrows) to
the jejunum. Coronal T2 weighted image (a) and Coronal post contrast image (b)

Fig. 4.10 Coronal T2 weighted image from MR enterography shows nodular thickening of the
jejunum (arrows in a) in a patient with celiac disease. Note the excellent bowel contrast compared
to the patient’s conventional CT with oral contrast (b), which shows bowel wall thickening in this
same region (arrows in b)

cancers (see Figs. 4.12 and 4.13). Barium enema may occasionally be useful to find
neoplastic causes of occult bleeding (see Fig. 4.14), though CTC has higher diag-
nostic yield for detecting colonic neoplasia [38].

Nuclear Medicine

Technetium (Tc) 99 m sulfur colloid and Tc99m pertechnetate-labeled autologous
red blood cells (RBCs) are two nuclear techniques for evaluating occult GI bleeding
(Figs. 4.15-4.16) [39-42]. Tc99m sulfur colloid has a short circulating half-life of
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Fig. 4.11 Small bowel varices are well seen on MRI (Coronal FIESTA image, a) and axial con-
trast enhanced CT (b)

Fig. 4.12 There are three
gastric ulcers on double
contrast upper GI (arrows),
which demonstrate pooling
of contrast

3 min and rapid uptake by the reticuloendothelial system (liver, spleen, and bone
marrow) [42]. Imaging is generally performed for only 20-30 min, decreasing the
opportunity to identify intermittent lower GI bleed. High background counts in the
liver and spleen can obscure upper GI bleeds. For these reasons, 9mTc-erythrocytes
are generally superior [43, 44].

Scintigraphy is indicated for overt gastrointestinal bleeding. Per the SNMMI
guidelines for gastrointestinal bleeding scintigraphy (GIBS), the goal is to
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Fig. 4.13 Two examples of gastric adenocarcinoma. Pooling of contrast with radiating folds
(arrows in a) are seen in this gastric adenocarcinoma. Irregular stricture (arrow in b) related to
gastric adenocarcinoma, invading the lower esophagus. Note the irregular overhanging edges
(arrowheads in b)

Fig. 4.14 Irregular
stricture (arrow) on barium
enema with overhanging
edges corresponds to a site
of sigmoid
adenocarcinoma

determine whether the patient is actively bleeding, to localize the bleeding bowel
segment, and to estimate the rate of blood loss [45]. This allows for treatment plan-
ning and risk stratification [16, 46—48]. GIBS is best for evaluation of the mid- to
lower GI tract. Selected patients can then be sent to angiography (Fig. 4.16).

A Tc99m pertechnetate study, otherwise known as a Meckel’s scan, is typically
used for identifying a Meckel’s diverticulum in the pediatric population [49]. This
is due to its affinity for gastric mucosa, as evidenced by its sensitivity of up to 97%
in children but only up to 60% in adults [50]. Its specificity remains high at 95% for
both adult and pediatric populations.

If a Meckel’s scan (see Fig. 4.17) is employed for the workup of lower GI bleed-
ing in an adult, images are typically taken at short intervals from 30 to 90 minutes
and, in the event of a possible intermittent bleed, less frequent image captures can
be performed over a 24 h period [49]. Diagnostic utility can be improved in adults
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Fig. 4.15 Patient underwent a GI bleeding scan performed with 10 mCi Tc-99 m sulfur colloid
which did not show signs of gastrointestinal bleeding (a). Two days later, 25 mCi Tc-99 m labeled
autologous red blood cells were injected intravenously (b). Active gastrointestinal bleeding is seen
in the left lower abdomen (site is encircled)

Fig. 4.16 GI bleeding scan demonstrates pooling of radiotracer in the right lower quadrant (arrow
in a). Subsequent angiography shows a tangle of vessels (b) relating to a cecal arteriovenous
malformation
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Fig. 4.17 Meckel’s scan demonstrates radiotracer uptake in the midline lower abdomen (arrow in
a), corresponding to ectopic gastric mucosa in a Meckel’s diverticulum. Sagittal (b) reformatted
images from contrast-enhanced CT shows peripheral enhancement of the Meckel’s diverticulum
(arrow). Note the primary Meckel’s vessel arising directly from the SMA (arrowhead), well dem-
onstrated on CT

with premedication with a histamine receptor antagonist with or without pentagas-
tin, employment of bladder lavage with saline, or nasogastric suctioning [51, 52].
CT may be useful in identifying the Meckel’s diverticulum and Meckel’s vessel
arising from the SMA (Fig. 4.17b) [53, 54].

Conclusions

There are multiple radiologic modalities that are useful in the workup patients with
obscure GI bleeding. There are good data that CT and VCE provide complementary
information. MRE is very useful, particularly for Crohn’s disease. Nuclear medi-
cine RBC scans and Meckel’s scans are useful in selected patients, and angiography
is helpful both for diagnosis and treatment. Fluoroscopy and CT colonography can
be helpful particularly in patients who cannot tolerate endoscopy. Advanced tech-
niques such as dual energy CT will likely become more ubiquitous and aid in the
diagnosis of patients with GI bleeding.
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