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Foreword

Since the first introduction of CT Colonography, the technique and the clinical applications
have matured in a very impressive manner. A large number of studies have shown that both
sensitivity and specificity of the method are comparable with optical colonoscopy. Radiation
exposure is definitely a major issue when using computed tomography for screening; however,
by means of sophisticated CT technology including online dose modulation and iterative
reconstruction of image data, CT Colonograpy has become a true “ultra low dose”
application.

Patients’ and screenies’ compliance and acceptance were also investigated and CT
Colonography proved to be well accepted. Since health care systems worldwide are under
major financial pressure, cost-effectiveness studies have been performed, which demonstrate
that CT Colonography is a cost-effective technique for the early detection of polyps prone to
undergo malignant degeneration. Despite this success story, however, reimbursement for CT
Colonography is problematic in various countries.

The editors and authors of the CT Colonography Atlas have great merits in compiling a
beautiful collection of CT Colonography cases which are highly educational. In order to dif-
ferentiate normal from abnormal findings, chapters tackling the normal colon, anatomical vari-
ants and pitfalls are included. In alogical manner, chapters about the large variety of pathological
conditions involving the colon and rectum (diverticular disease, lipoma, inflammatory bowel
diseases, polyps, flat lesions, colon cancer, rectal cancer, cancer of the ileo-cecal valve and
post-surgical colon) with a large number of beautifully illustrated cases are incorporated. Axial
CT source images, the results of 3D post-processing and colonoscopic correlation present
invaluable representations in order to become familiar with different colonic pathologies and
enable the radiologist to come to a precise diagnosis.

The series editors of Medical Radiology-Diagnostic Imaging would like to express their
gratitude to the editors and authors of this book for their tremendous efforts and to Springer for
publishing this outstanding atlas.

Munich M.F. Reiser






Preface

Since its introduction in 1994, CT colonography has seen a dramatic evolution that has pro-
gressively broadened the field of its diagnostic applications. In particular, the continuous
improvement of CT technology and post-processing methods, the refinement of patient prepa-
ration schemes, and the growing availability of faster multislice CT scanners with submillimet-
ric spatial resolution and greater dose efficiency have transformed CT colonography from a
highly specialised imaging technique performed in a few centres into a widely accepted diag-
nostic tool used in community hospitals and nonacademic radiology practices as well.

The aim of this Atlas is to provide a practical reference guide for radiologists involved in
the daily practice of CT colonography. It is composed of 13 independent chapters covering all
the main topics related to CT colonography, with the first two chapters focused on the normal
morphology and the anatomical variants of the colon, respectively, whereas Chap. 3 provides
a description of the pitfalls. The most common pathological conditions of the large bowel are
described in the following chapters, ranging from non-neoplastic to neoplastic diseases, with
two additional special focus chapters on cancers of the ileo-cecal valve and imaging of post-
surgical colon.

All topics are illustrated by CT colonography cases derived from clinical practice, preceded
by a concise introduction with references to the existing literature. Of note, many images are
obtained from bi- and three-dimensional reconstructions of native CT colonography datasets,
reflecting the importance of post-processing for the correct evaluation of findings.

We hope that practicing radiologists will find this book helpful for their everyday activity,
and encourage referring physicians to further include CT colonography in the diagnostic
workup of their patients according to the current indications.

Pisa, Italy Emanuele Neri

Pisa, Italy Lorenzo Faggioni
Pisa, Italy Carlo Bartolozzi
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Abstract
Aim of this chapter is to describe the normal anatomy of the
colon on the basis of 2D and 3D CT colonography criteria.

In normal colon the wall thickness is thin (less than
2 mm) and may increase to 5 mm in collapsed segments.

The colon is generally recognized by three morphologic
key features, which can be clearly identified in CT colonog-
raphy: the semilunar folds, the taeniae, and the haustra.

The normal colon typically is divided in antegrade
order into six segments: the cecum with the ileocecal
valve and the appendix, the ascending colon, the trans-
verse colon, the descending colon, the sigmoid colon, and
the rectum. The splenic and the hepatic flexure should not
be considered separate segments.

The ileocecal valve has a variable appearance, being
classified as either labial, when it appears as a slit-like open-
ing; papillary, when its shape is dome-like; or intermediate.

Cases showing the normal colon anatomy are presented
in the chapter.

Introduction

A fundamental prerequisite for radiologists aiming to read
CT colonographic examinations is a thorough knowledge
of the normal anatomy of the colon. Although the large
bowel has been examined by radiologists for decades with
barium studies, a CT colonographic evaluation may provide
a different view of the colon [1-3]. Indeed, CT colonogra-
phy is quite accurate for assessing the anatomy of the colon.
However, the planar 2D approach to trace the gas-distended
colon may result in new challenges for some readers, since
the complex intraluminal anatomy of bowel loops and haus-
tral folds may complicate the evaluation [4]. Moreover,
some radiologists may not be familiar with the “intralumi-
nal” perspective provided by an endoluminal 3D evaluation.
Thus, a combined two-dimensional and three-dimensional
imaging approach is considered the best practice for

DOI 10.1007/978-3-642-11149-5_1, © Springer-Verlag Berlin Heidelberg 2013
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CT colonographic evaluation [5]. In this chapter the normal
anatomy of the colon is described on the basis of 2D and 3D
CT colonographic imaging criteria.

CT Colonography Morphology

General Two-Dimensional
and Three-Dimensional CT Features
of the Colonic Wall

Wall Thickness

In CT colonographic examinations, after colonic gas
insufflation, the wall of the distended normal colon is very thin,
measuring less than 2 mm [6]. Typically, it should be barely
perceptible on 2D CT colonographic images and may be better
depicted with abdominal window settings. In collapsed colonic
segments, the colonic wall thickness increases physiologically
to up to 5 mm or, in case of spasms, up to 8 mm (Fig. 1) [6].
The normal colonic wall itself has soft tissue attenuation on 2D
CT colonographic images. It may show a slight enhancement
after intravenous contrast media application. The colon is
surrounded by fat tissue, which shows a homogeneous
hypodense structure. On endoluminal 3D images, the normal
colon presents with a smooth surface.

Morphologic Key Features of the Colon Wall

The colon is generally recognized by three morphologic key
features, which can be identified on CT colonographic images:
the semilunar folds, the taeniae, and the haustra (Fig. 1) [7].

The semilunar folds (plicae semilunares) are thin cres-
cent-shaped structures. They are oriented orthogonally to the
course of the colon and are located one after another in a row
when passing through the coloni. Typically, the three rows of
colonic folds are each separated by a taenia (see below).

On 2D CT colonographic images, normal semilunar folds
are typically very thin and regular soft tissue structures. They
are better recognized with wide window settings. On 3D
endoluminal views, these folds are seen as crescent-shaped thin
folds with a smooth surface. They can be thickened in regions
of suboptimal colonic distention or form complex structures,
especially at the inner parts of the flexures. The size and num-
ber of semicircular folds may vary individually and also within
a single patient, due to the peristaltic activity of the colon.

The taeniae (taeniae coli) are three longitudinal muscular
bands, which are formed from the longitudinal muscle layer
of the colonic wall, each with a width of approximately
8 mm. They run along the length of the colon and are located
on the anterior, dorsolateral, and dorsomedial wall section
[8]. The three taeniae are most prominent in the transverse
and ascending colon and, finally, coalesce at the cecum in
the area of the appendiceal orifice. The taeniae are less
prominent toward the descending and the sigmoid colon and
disappear at the rectosigmoid junction.

Haustra are saccular outpouchings of the colonic wall,
which are located in the spaces between the taeniae. The
haustra are separated by the semilunar folds along the course
of the colon. Haustra may vary in prominence due to the con-
traction of the taeniae and the peristaltic activity of the
colon.

Segments of the Colon

The normal colon typically frames the abdomen. It is divided
in antegrade order into six segments: the cecum with the
ileocecal valve and the appendix, the ascending colon, the
transverse colon, the descending colon, the sigmoid colon,
and the rectum (Fig. 3). The splenic and the hepatic flexure
are not considered separate segments [9].

The length and the diameter of the colon have been evalu-
ated with CT colonography by Khasab et al. [10]. The mean
total colonic length, evaluated in this study, was 189.5 cm
with a range of 120-299 cm, with the transverse and sigmoid
colon representing the longest and the cecum and rectum the
shortest segments. The transverse diameter of the colon var-
ied greatly. The cecum has the widest luminal diameter
(7.6 cm), followed by the rectum (6.5 cm) and the ascending
colon (6.1 cm). The sigmoid (3.5 cm) and descending colon
(3.8 cm) have the narrowest luminal diameter [10]. Variations
in the segmental or total length of the colon, as well as the
length in the segmental location, are not uncommon. Some
of these variations are clinically relevant. They are described
in Chap. 2 (page 17, Rosa Bouzas).

The cecum is the first segment of the colon (Fig. 4). It is
typically located in the right iliac fossa and represents a blind
sac. At its base, the colonic taeniae converge and form the
triradiate fold. Here, the appendiceal orifice can be seen on
endoluminal 3D images as a small, well-circumscribed,
round or oval depression of the colonic wall [1].

The ileocecal valve anatomically separates the cecum
from the ascending colon (Fig. 5). It is located at the junction
of the terminal ileum and the colon. The ileocecal valve is
most commonly located on the medial side of the cecum,
although anatomic variants exist. On 3D endoluminal images,
the valve is typically shown with an upper lip and a lower lip
[11]. The ileocecal valve has a variable appearance, being
classified as either labial, when it appears as a slit-like open-
ing, papillary, when its shape is dome-like, or intermediate.
The orifice of the ileocecal valve can be seen as a tiny central
depression [12]. Two-dimensional CT images demonstrate
the connection of the terminal ileum to the valve. The ileoce-
cal valve may have a wide range of attenuation values, with
heterogeneous attenuation. It commonly contains fat tissue
and is then referred to as a lipomatous ileocecal valve [13].

The ascending colon extends into the right abdomen and
is located in the retroperitoneal compartment (Fig. 6). It has
a triangular cross section, very similar to the transverse
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colon, but, typically, is greater in diameter. The semilunar
folds may be slightly thicker than in the transverse colon.

The hepatic flexure connects the ascending colon with the
transverse colon. It typically has a sharp angle (Fig. 7).
The haustral folds at the inner part of colonic flexures and
loops can fuse and form complex structures on 2D planar
images, which are easily recognized, especially on endolu-
minal 3D displays [4].

The transverse colon extends in an intraperitoneal loca-
tion from the hepatic to the splenic flexure (Fig. 8). It is the
longest portion of the colon and can droop along its mesoco-
lon into the pelvis. Therefore, it is relatively mobile. The
transverse colon has a typical triangular cross section formed
by the three taeniae. It typically has a distinct haustration.

The splenic flexure connects the transverse with the
descending colon. It is located below the left diaphragm and
is the highest point of the colon. The splenic flexure is often
more tortuous than the hepatic flexure and contains, at worst,
a series of complex twists (Fig. 9).

The descending colon extends into the left abdomen and
is located within the retroperitoneal compartment. It is char-
acterized by a straight, tubular shape, with a less triangular to

oval cross section (Fig. 10). The haustration is less pro-
nounced than in the proximal colonic segments.

The sigmoid colon normally lies within the pelvis and,
ideally, has an S-shaped course connecting the descending
colon with the rectum (Fig. 11). It is a relatively narrow,
mobile, and tortuous segment of the colon with a typically
round or oval cross section. The degree of haustration is vari-
able. Due to its intraperitoneal location, there may be a con-
siderable range of movement in the central portion.

The rectum is the most distal segment of the colon and
has the second largest diameter (Fig. 12) [10]. The upper
rectum begins intraperitoneally, but its distal two-thirds are
located extraperitoneally. Typically, three distinct semilunar
folds are found in the rectum (also referred as Houston’s
valves or transverse folds). The middle fold, typically the
largest one, is more often located at the right side of the
rectum [14]. The rectum ends at the anorectal junction (ana-
tomically “linea dentata”) and extends to the anal canal.
At the anorectal junction, radiating folds are often observed,
which are caused by the contraction of the anal sphincter
muscles. The anal channel itself cannot be evaluated with
CT colonography.
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Case 1. Normal Wall Thickness of the Colon

Fig. 1 (a) Axial 2D CT image shows the well-distended ascending collapsed sigmoid colon. The colonic wall thickness increases gradu-
colon. The colonic wall (arrowheads) is barely perceptible. (b) Axial ally (arrows) in the collapsed segment
2D CT image shows the partially distended (arrowheads) and partially
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Case 2. CT Morphologic Key Features of the Colon

Fig. 2 (a) Endoluminal 3D CT image of the ascending colon. Three tae-  structures (arrows) (a, b). (¢) Axial 2D CT image of the same colonic seg-
niae are shown as longitudinal bands running along the length of the colon ~ ment shows corresponding taeniae (arrowheads), semilunar folds (arrow)
(arrowheads). Haustra are located in the spaces between the taeniae (*). (b)  as thin soft tissue dense structures, and the haustra (*). Note the triangular
Endoluminal 3D CT image shows haustra (¥) separated by thin semilunar  cross section of the ascending colon. (d) Coronal 2D CT image showing
folds (arrows). The semilunar folds appear as very thin crescent-shaped  haustra (¥) separated by thin semilunar folds (arrows)
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Case 3. Six Segments of a Normal Colon

Transverse
colon |
\

Descending
colon

—_ Sigmoid
colon

Fig.3 (a) Global surface-rendered 3D view shows the cecum, ascend- CPR illustrates the course of the colon and rectum (inlay) (left).
ing colon, transverse colon, descending colon, and the rectum. All seg-  Corresponding axial 2D CT images show the location of the colonic
ments are of normal location, length, and diameter. (b) Coronal 2D  segments (right)
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Case 4. Cecum: Triradiate Fold and Appendiceal Orifice

Fig. 4 (a) Retrograde endoluminal 3D CT image of the cecum, show-
ing the three colonic taeniae converging and forming the triradiate fold
(arrow). Note the papillary ileocecal valve (arrowhead). (b) Retrograde
endoluminal 3D CT image of the cecum in another patient, showing the
appendiceal orifice at the area of the triradiate fold (arrow), appearing

as a small, well-circumscribed, round depression. (¢) Coronal 2D image
showing the blind end of the cecum in the right iliac fossa. Note the
labial ileocecal valve (arrowhead) on the medial aspect of the cecum
and the appendiceal orifice (arrow) at the cecal base. The appendix is
filled with air
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Case 5. Cecum: Normal Labial lleocecal Valve

Fig. 5 (a) Antegrade endoluminal 3D CT view from the cecum into  fossa. The ileocecal valve is located on the medial side of the cecum
the ascending colon, showing the ileocecal valve (arrow) with an upper  and shows the open orifice with an upper and a lower lip (arrow). Note
and lower lip and, in between, the opened orifice. (b, ¢) Axial and coro-  the connection of the terminal ileum (*) to the valve

nal 2D CT image showing the blind-ending cecum in the right iliac
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Case 6. Ascending Colon

Fig. 6 (a) Antegrade endoluminal 3D CT view and (b) axial 2D CT  colon (arrow) extending retroperitoneally into the right abdomen.
image of the ascending colon, showing a triangular cross section and  Note the right (*) and left (X) flexure and the descending colon
distinct haustration. (¢) Coronal 2D CT image showing the ascending  (arrowhead)



