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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-
CME activity, participants will be able to:

m List the common causes of CAD and
reader false-positive results at CT colo-
nography.

m Describe the problem-solving tech-
niques for evaluating a polyp candidate
identified at CT colonography.

m Discuss the benefits and drawbacks of
use of CAD for reader performance in
interpreting CT colonography studies.

See www.rsna.orgleducation/search/RG.
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Computed tomography (CT) colonography is a screening modal-
ity used to detect colonic polyps before they progress to colorectal
cancer. Computer-aided detection (CAD) is designed to decrease
errors of detection by finding and displaying polyp candidates for
evaluation by the reader. CT colonography CAD false-positive
results are common and have numerous causes. The relative fre-
quency of CAD false-positive results and their effect on reader
performance on the basis of a 19-reader, 100-case trial shows that
the vast majority of CAD false-positive results were dismissed by
readers. Many CAD false-positive results are easily disregarded,
including those that result from coarse mucosa, reconstruction,
peristalsis, motion, streak artifacts, diverticulum, rectal tubes, and
lipomas. CAD false-positive results caused by haustral folds, ex-
tracolonic candidates, diminutive lesions (<6 mm), anal papillae,
internal hemorrhoids, varices, extrinsic compression, and flexural
pseudotumors are almost always recognized and disregarded. The
ileocecal valve and tagged stool are common sources of CAD false-
positive results associated with reader false-positive results. Non-
dismissable CAD soft-tissue polyp candidates larger than 6 mm are
another common cause of reader false-positive results that may lead
to further evaluation with follow-up CT colonography or optical
colonoscopy. Strategies for correctly evaluating CAD polyp candi-
dates are important to avoid pitfalls from common sources of CAD
false-positive results.

©RSNA, 2014 - radiographics.rsna.org

Introduction

CT Colonography and Computer-aided Detection
Computed tomography (CT) colonography is a screening modal-
ity used to detect colonic polyps before they progress to colorectal
cancer (1-3). Colorectal cancer screening can reduce mortality from
colorectal cancer by 13%—-18% (4). Current screening guidelines
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include optical colonoscopy, the most frequently
recommended study (5). However, patient com-
pliance with optical colonoscopy is poor for
several reasons, including discomfort with the
procedure and bowel cleansing, as well as cost
(6). CT colonography has rates of polyp detec-
tion comparable to those of optical colonoscopy,
and its use may improve overall adherence to
screening guidelines because it is minimally in-
vasive, requires no sedation, has the potential for
reduced cathartic examinations, and has faster
patient throughput (4,7-10). Data support the
cost-effectiveness of CT colonography (11). Cur-
rent challenges of CT colonography include vari-
able sensitivity and specificity among readers and
long learning curves for new readers (similar to
mammography). Most reader errors are avoid-
able and result from errors of detection (12-14).
Computer-aided detection (CAD) is designed

to decrease errors of detection by finding and
displaying possible polyps to be evaluated by the
reader (15-18).

CAD has three modes: primary, secondary,
and concurrent. The primary mode involves an
exclusive review of CAD marks. The secondary
CAD mode involves reading the examination
first, without the CAD marks, to avoid satisfac-
tion-of-search bias, and then viewing the CAD
marks. The concurrent CAD mode involves read-
ing the examination normally but with the CAD
marks visible. Substantial training is required
to learn how to accurately interpret CT colon-
ography results (19,20). Experienced readers
take 5—-10 minutes to read most examinations,
whereas novices, and even some experienced
readers interpreting complex cases, can take
substantially longer. Nevertheless, on average,
reading times are substantially less than those for
optical colonoscopy (21-23). Multiple CT colon-
ography trials with CAD have shown improved
reader times, particularly for inexperienced
readers, although the use of CAD in secondary
mode has been shown to add about 1-3 minutes
to the reading time for most cases (24-27). The
increased sensitivity for polyp detection is accom-
panied by a small decrease in specificity because,
often, possible polyps according to CAD are not
true polyps (a CAD false-positive result), which
can contribute to reader false-positive results.

In this article, we review the most common
causes of CAD false-positive results and present
strategies for evaluating possible polyps, with po-
tential pitfalls that may lead to incorrect reader
interpretations (Table 1). Data for the relative
frequency of CAD false-positive results and its
effect on reader performance are presented from
a large multiple-reader, multiple-case trial, and
the readers’ performance is summarized accord-
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Table 1: Causes of False-Positive Results at CT
colonography CAD

No. of CAD false-

Cause positive results (%)*
Haustral folds 227 (28.2)
Ileocecal valve 144 (17.9)
Extracolonic candidates 134 (16.6)
Nondismissible 62 (7.7)
candidates

Tagged or mobile stool 55 (6.8)
Diminutive lesions 42 (5.2)
Coarse mucosa 33 (4.1)
Rectal lesionst 33 (4.1)
Artifactst 31 (3.8)
Flexural pseudotumor 18 (2.2)
Miscellaneous’ 16 (2.0)
Extrinsic compression 11 (1.4)

*Based on an analysis of 806 CAD false-positive
results from a 100-case, 19-reader trial (24).
TIncludes anal papillae, internal hemorrhoids, and
varices.

¥Caused by reconstruction, peristalsis or mo-

tion, high-attenuation contrast material, or streak
artifact.

SIncludes the following categories that represent
<2% of CAD false-positive results each: diverticula
(n = 9), rectal tube (7 = 5), and lipoma (n = 2).

ing to the causes of CAD false-positive results
(Table 2) (24). Specifically, the percentage of
CAD false-positive results in each category with
at least one reader false-positive result and the
average percentage of readers who selected a
polyp within each category (which we refer to as
“incidence”) are presented. These data show that
most CAD false-positive results are dismissed by
readers. This systematic review of the causes of
CAD false-positive results can help improve the
performance of CT colonography readers in gen-
eral and novice readers in particular.

Frequency of CAD False-Positive Results
Our experience with CAD false-positive results is
based on a study in which 19 readers interpreted
100 cases in two separate sessions: once without
CAD (the CAD-unassisted session) and once
with CAD implemented in the second-reader
mode (the CAD-assisted session), which were at
least 27 days apart (24). The 19 readers were ad-
equately trained nonexpert radiologists from both
academic and community environments with

an average of 5 years of experience interpreting
CT colonography cases (range, 1-10 years) and
who interpreted an average of 92 cases per year
(range, 20-300 cases). The CAD system had 8.1
CAD false-positive results per patient (includ-
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Results by Cause

Table 2: Rates of Reader False-Positive Results Related to CAD False-Positive

No. of CAD FPs That

No. of Reader
FPs (Incidence [%1])

Cause (No.) Resulted in Reader FPs (%*)
Haustral folds (227) 4.0 (9)
Ileocecal valve (144) 13.9 (20)
Extracolonic candidates (134) 1.5 (2)
Nondismissible candidates (62) 61.3 (38)
Tagged or mobile stool (55) 23.6 (13)
Diminutive lesions (42) 14.3 (6)
Coarse mucosa (33) 0 (0)
Rectal lesionst (33) 15.2 (5)
ArtifactsS (31) 0 (0)
Flexural pseudotumor (18) 5.6 (1)
Miscellaneous' (16) 0 (0)
Extrinsic compression (11) 18.2 (2)
Overall (806) 11.9 (96)

21 (0.5)
35 (1.3)
2 (0.1)
170 (14.4)
33 (3.2)
6 (0.8)
0 (0)
5 (0.8)
0 (0)
1 (0.3)
0 (0)
7 (3.3)
280 (1.8)

Note.—FPs = false-positive results.
one reader FP during the CAD-assisted session.

category during the CAD-assisted session.

or streak artifact.

*Percentage of CAD false-positive results in a given category that resulted in at least
TThe average percentage of the 19 readers who selected a polyp candidate in that

fIncludes anal papillae, internal hemorrhoids, and varices.
SCaused by reconstruction, peristalsis or motion, high-attenuation contrast material,

TIncludes the following categories that represent <2% of CAD false-positive results
each: diverticula (n = 9), rectal tube (n = 5), and lipoma (z = 2).

ing supine and prone series) with a stand-alone
performance sensitivity of 93.2% for large polyps
(210 mm) and 91.8% for small adenomas (6—10
mm), a rate that is comparable to previous re-
ports on CAD system performance (28,29).

Sensitivity of the average reader improved
with use of CAD by approximately five percent-
age points in each of the segment-, patient-, and
polyp-level analyses, with a smaller decrease in
specificity. The 806 CAD false-positive polyp
candidates were reviewed and categorized ac-
cording to the common causes of CAD false-
positive results versus nondismissible polyp
candidates by two trained residents. All 806 false-
positive polyp candidates were then reviewed
by a board-certified radiologist with extensive
CT colonography experience. All reviewers were
blinded to the readers’ performance with respect
to the CAD false-positive results.

Many normal anatomic structures and le-
sions that mimic polyps can be selected as a polyp
candidate by CAD software and presented to the
reader for further characterization. Some causes
of CAD false-positive results are similar to those
found without CAD, whereas others result from
limitations of CAD algorithms and are often easy
for readers to recognize. Previous studies reported
that approximately 20% of CAD false-positive

results are difficult for readers to dismiss (30,31).
The number of CAD false-positive results per
study has steadily decreased as algorithms for
recognizing normal anatomic structures have
improved, leaving polyp candidates that require
reader analysis (32,33). Although the incidence of
CAD false-positive results for any CAD software
purchase and CT colonography data set varies,
the causes are common to all software programs.
Every CAD polyp candidate should be evalu-
ated with a logical, systematic approach (Fig 1)
(34,35). In this article, we review the causes of
CAD false-positive results and give strategies for
properly characterizing and dismissing them.

General Approach to

Evaluating Polyp Candidates

The specific process for interpreting a CT colon-
ography examination is software and user depen-
dent. The reader must be familiar with the work-
station tools to accurately and efficiently interpret
a study. User preference determines whether CAD
is implemented in the first-, concurrent-, or sec-
ond-reader mode. Usually, CT colonography soft-
ware automatically segments the colon and asks
the reader to verify. At this time, it is important

to note whether any extracolonic gas-filled lumen
is included in the segmentation (and, if possible,
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Figure 1.

exclude it), the degree of colon distention, and
whether any major artifacts are present. Many CT
colonography experts initially read the study in

a three-dimensional (3D) endoluminal view and
navigate through the colon antegrade and retro-
grade, with multiplanar two-dimensional (2D)
views available for problem solving. Software tools
should be used to display any regions that were

not included in the field of view during navigation.

In general, the target lesion for colorectal can-
cer screening is a polypoid lesion with soft-tissue
attenuation or, less commonly, a flat lesion that is

[ omeoed
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Report Finding

Flowchart shows the general approach for evaluating a polyp candidate.

at least 6 mm in diameter, does not significantly
move (unless it is pedunculated), and is not a nor-
mal anatomic structure. Once a polyp candidate
is identified by the reader or the CAD program,
the following general steps are taken (Fig 1): The
intrinsic properties and context of the polyp can-
didate are essential for proper characterization. Its
contour and attenuation should be evaluated to
exclude artifact, stool (eg, air bubbles, sharp edges,
or internal tagging), lipoma (eg, fat attenuation),
diverticula, and coarse mucosa. When a polyp
candidate is associated with a fold, the adjacent
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Figure 2. Haustral folds. (a) Endoluminal 3D CT colonography image shows a CAD polyp
candidate (blue area) on a normal haustral fold. Minimal irregularity on a convex structure
can generate CAD polyp candidates that are easily disregarded by the reader. (b) Endolumi-
nal 3D CT colonography image shows a CAD polyp candidate (blue area) at the site of the
convergence of two normal haustral folds that is easily disregarded by the reader.

folds should be evaluated for similar thickness and
nodular findings (the “neighborhood” rule), the
presence of which would make the candidate most
likely an artifact related to underdistention, recon-
struction, peristalsis or motion, contrast material,
or streak artifacts.

If suspicion remains, 2D views should be
used to further characterize the finding. An in-
tracolonic location should be reconfirmed on
2D multiplanar reconstructions. The contour
and attenuation should be reassessed. Extrinsic
compression (a result of mass effect from adja-
cent structures), a flexural pseudotumor (a sharp
turn in the colon), and colonic underdistention
should be considered as possible causes for the
finding. A search for a lesion in the same position
on corresponding supine or prone views should
be performed to rule out untagged mobile stool.
The presence of a corresponding nonmobile le-
sion should raise suspicion, although adherent
untagged stool may still be a consideration. If the
lesion is in the rectum, common benign entities,
such as anal papillae, internal hemorrhoids, and
varices, should be considered. The finding should
be considered in the context of the quality of the
study. For example, are numerous similar find-
ings present that may result from untagged stool
or poor preparation? Finally, if the lesion remains
suspicious, an accurate measurement of its maxi-
mum diameter should be obtained and the find-
ing reported if it is 6 mm or larger.

Haustral Folds
Haustral folds are a frequent source of CAD
false-positive results (Figs 2, 3). They can mark-

edly vary in their degree of difficulty to dismiss.
Simple straight folds are an infrequent source
of CAD polyp candidates, often at the site of
converging folds or the taenia coli, and are easily
dismissible once an infiltrative lesion is excluded
with 2D multiplanar correlation (Figs 2a, 2b,
4). Minimally nodular folds may result from re-
construction artifacts or motion and are another
cause of CAD polyp candidates that may be eas-
ily dismissed. Folds that are very nodular require
careful evaluation to rule out an infiltrative flat
lesion. Thickened folds are frequently seen in
patients with a poorly distended colon or sigmoid
muscular hypertrophy and can result in a CAD
polyp candidate (Fig 3). By applying the so-
called neighborhood rule, if most of the folds in a
segment look similar, the thickened folds can be
confidently dismissed. In more difficult cases in
which the fold is very different from nearby folds,
careful examination of 2D views should be per-
formed for discrete focal or infiltrative lesions. In
some cases, a lesion cannot be entirely excluded.
In our review, haustral folds were the most fre-
quent source of CAD false-positive results (227
out of 806 [28.2%]). Nine of these were associ-
ated with 21 reader false-positive results. Seven
of these nine were selected by only one or two
readers, and two were selected by six and seven
readers, respectively (Fig 4).

lleocecal Valve

The normal curved and bulbous shape of the
ileocecal valve (ICV) is a frequent cause of CAD
polyp candidates because it can mimic the ap-
pearance of a polyp or mass (Fig 5). The 3D
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Figure 3. Haustral folds. (a) Endoluminal 3D CT colonography image shows a nodular
thickened haustral fold that resulted in a CAD polyp candidate (blue area). This finding re-
quires careful comparison with surrounding folds on 3D and 2D views and assessment for an
overlying polyp or infiltrating carcinoma. The appearance of multiple convexities and similar
adjacent folds suggests underdistention or normal anatomy of the sigmoid colon. (b) Coronal
2D CT colonography image shows the thickened haustral fold CAD polyp candidate (arrow).
No distinct polypoid lesion is seen. Its location in the sigmoid colon and endoluminal ap-
pearance suggest underdistention or muscular hypertrophy, which is common in the sigmoid
colon, particularly in association with diverticulosis.

a.

Figure 4. Normal anatomy. Axial 2D (a) and endoluminal 3D (b) CT colonography im-
ages show a CAD polyp candidate (arrow in a and blue area in b) at the site of a protuber-
ance at the junction of colonic folds and the taenia coli that measures approximately 7.2
mm in its maximal dimension. This is a difficult polyp candidate to disregard, with six read-
ers reporting it as a polyp during the CAD-assisted session and two reporting it as a polyp
during the CAD-unassisted session. The location of the polyp candidate at this junction,
poor distention of the colon at this site, and the bulbous appearance of adjacent folds are
most consistent with normal anatomy and a CAD false-positive result.

endoluminal view of the ICV correlates well with
the endoscopically determined morphologic clas-
sification; namely, the ICV can have a papillary
appearance, a rounded protrusion with the orifice
at the apex, or a labial appearance. The orifice,
which is occasionally open, is frequently seen at
CT colonography.

Flat masses can mimic a normal ICV; there-
fore, it is important to identify the normal ICV
in every examination. Its location is usually easy
to ascertain in the multiple views provided on a
standard CT colonography workstation. Typi-
cally, it is located along the medial wall of the
cecum, with a reported lateral and posterior wall
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Figure 5. Bulbous ICV in two patients. (a) Magnified coronal 2D CT colonography image
obtained in the plane of the ICV, cecum, and ascending colon shows a CAD polyp candidate
(arrow) that corresponds to the lips of the ICV, which, in this patient, is sufficiently bulbous
to simulate a polyp candidate. No evidence of an overlying polyp or infiltrating mass is seen.
The appearance of the ICV is within the normal range and should be easily dismissed by the
reader. (b) Endoluminal 3D CT colonography image shows the CAD polyp candidate (blue
area) in part a. Most, but not all, of the ICV surface is marked as a CAD polyp candidate. In
a primary 3D read, the colon is first viewed on an endoluminal 3D image, and the 2D image
is used for problem solving. Interactive 2D and 3D viewing is needed to confirm the expected
location and appearance of the ICV. On 3D images, the bulbous lips of the ICV often have
polypoid morphologic characteristics and require evaluation on 2D images. (¢) Endoluminal
3D CT colonography image shows a bulbous ICV that generates two CAD polyp candidates
(blue area), which can be reliably dismissed with 2D problem-solving images obtained to first
verify that this is the location of the ICV and, second, to ensure that there is no evidence of an
overlying soft-tissue polyp or infiltrating carcinoma. (d) Axial 2D magnified CT colonography
image shows the CAD polyp candidate (arrow) from part ¢, the terminal ileum with tagged
fluid, the ICV, the cecum, and the adjacent ascending colon. The lips of the ICV are bulbous
and could be concerning for a polyp in any other colonic location. However, this appearance
is within the normal range for the ICV.

position of 15% and 7%, respectively (36,37).
However, confirmation that a CAD polyp can-
didate is related to the ICV does not preclude a
pathologic condition on or adjacent to the ICV.
Therefore, an overlying polyp or infiltrating
carcinoma must be excluded. In most cases, ex-

cluding an overlying polyp or infiltrating carci-
noma is straightforward, but in some cases, nod-
ularity of the ICV resulting from variable fatty
infiltration or lipoma can present a diagnostic
challenge (Fig 5¢). The attenuation of a normal
ICV varies (eg, fatty, soft-tissue, and mixed)
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Figure 6. Endoluminal 3D CT colon- - -
ography image shows a polyp candi-
date (blue area) that corresponds to

a markedly polypoid ICV. This polyp
candidate is difficult to disregard be-
cause polyps can occur on the ICV,
the appearance of which can markedly
vary. Ten readers reported this finding
during the CAD-assisted session, and
12 readers reported it during the CAD-

unassisted session.

a.

Figure 7.
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Extracolonic location. Coronal 2D (a) and corresponding magnified endolu-

minal 3D (b) CT colonography images show a CAD polyp candidate (arrow in a and blue
area in b) in a segment of small bowel that could not be excluded during segmentation of
the colon. Thus, the polyp candidate was displayed to the readers. Acquisition of multipla-
nar problem-solving images is necessary to confirm the extracolonic location. No readers

reported this finding as a polyp.

and cannot be used to distinguish a normal ICV
from one that is pathologically involved (Fig

5d) (38). Furthermore, there is no consensus
regarding the normal size of the valve; studies
have reported a normal thickness for each ICV
lip of as much as 1.5 cm and an overall maximal
height of approximately 4 cm (37,39,40). On
the basis of experience from air-contrast barium
enemas, histologically normal valves may be
large, asymmetric, or smoothly lobulated, mak-
ing these characteristics generally nonspecific
and unhelpful at CT colonography (37).

In our review, the ICV was the second most
frequent source of CAD false-positive results
(144 out of 806 [18%]). Twenty of these polyp
candidates were related to 35 reader false-

positive results, for an incidence of 1.3%, 18 of
which were selected by only one or two readers
and one of which was selected by three read-
ers. A particularly large and bulbous ICV was
selected by 10 readers during the CAD-assisted
session and 12 readers during the CAD-unas-
sisted session (Fig 6).

Extracolonic CAD Polyp Candidates

CAD software is designed to evaluate intraco-
lonic lesions; however, the segmentation of the
colon may be imperfect, and extracolonic polyp
candidates can be found in other gastrointes-
tinal organs, such as an air-distended stomach
or small bowel. Readers must be familiar with
their workstation setup and know whether these
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Figure 8. Tagged stool. (a) Endoluminal 3D CT colonography image shows a haustral fold
that was marked as a CAD polyp candidate (blue area). The haustral fold has a nodular ap-
pearance due to adherent stool. Without further evaluation of the attenuation of this polyp
candidate, it could be mistaken for a polyp. (b) Endoluminal 3D CT colonography image
with an overlying color map shows high-attenuation (white areas) internal tagging, a find-
ing consistent with tagged stool adhering to the normal haustral fold. (A soft-tissue polyp
would be shaded red.) Care should be taken when evaluating attenuation on 2D images to
confirm internal tagging rather than external surface tagging, which is sometimes seen with
true polyps. (¢) Magnified axial 2D CT colonography image shows the CAD polyp candidate
(arrow). Interactive window width and level adjustment may be necessary to evaluate and
confirm that the hyperattenuating material is internal tagging rather than the external surface

tagging that is sometimes seen in true polyps.

entities are automatically excluded from display
once the colon is automatically segmented by
the CAD software or manually segmented by
the reader. Often, even a properly segmented
colon can include adjacent small intestinal lu-
mina, a result of gaseous communication, which
can lead to additional CAD false-positive results
that should be easily dismissed during problem-
solving with 2D views (Fig 7). However, in
cases in which adjacent redundant colon or
poor colonic distention may be present, care is

required on the part of the reader to make sure
these findings are truly extracolonic.

Among the 806 CAD false-positive polyp
candidates in our review, 134 (17%) were ex-
tracolonic, almost all of which were properly
segmented either automatically by the CAD soft-
ware or during manual review by the radiologist.
Two extracolonic CAD false-positive results were
associated with two reader false-positive results.

Tagged or Mobile Stool

Stool can appear polypoid and lack typical internal
gas bubbles, resulting in a CAD polyp candidate,
the most frequent cause of CAD false-positive re-
sults in poorly cleansed colons or intentionally lim-
ited or noncathartic CT colonography studies (Fig
8). It is less frequent in the setting of good bowel
cleansing. Most experts recommend the routine
use of fecal tagging with oral contrast material as
part of the pre-imaging preparation to make many
such candidates identifiable as stool. Tagging agent
within the volume of the polyp candidate should
be distinguished from tagging material, which may
adhere to the surface of true polyps, a character-
istic that is particularly common with polyps with
villous histologic characteristics. This process is
best accomplished with the use of interactive win-
dowing of 2D images, although color maps may
provide similar information (Fig 8b). In one study,
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Figure 9. Mobile stool. (a) Magnified axial “flipped” 2D CT colonography image ob-
tained in a prone position shows a submerged CAD polyp candidate (arrow) that is im-
possible to disregard without comparing it to the findings on supine images. Although it
appears detached from the colon wall, all adjacent sections must be viewed to ascertain the
absence of a stalk. (b) Magnified axial 2D CT colonography image obtained in the supine
position shows the CAD polyp candidate (arrow), which is mobile to the dependent dorsal
surface of the rectum. After correlating with the supine images, it is clear that this structure
is mobile because it settles to the dependent region of the rectum in both the supine and
prone series, a finding consistent with mobile stool. A mobile head of a pedunculated polyp
must be excluded. In other potentially mobile colon segments, the possibility of bowel rota-
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tion should be excluded.

46% of polyps that were not touching a pool of
contrast material had adherent contrast, a char-
acteristic most frequently associated with polyps
with villous histologic characteristics (41).

Often, nontagged stool can be identified by
the presence of internal gas, low attenuation, or
a mottled internal texture. Additional character-
istics of stool include angulated margins. Finally,
movement to the dependent surfaces between
supine and prone series or distally through the
colon is characteristic of mobile stool, although a
mobile head of a pedunculated polyp or a mobile
or peristaltic colon should be excluded (Fig 9).

In our review, tagged or mobile stool accounted
for 6.8% (55 out of 806) of the CAD false-positive
results. Thirteen of these polyp candidates were
related to 33 reader false-positive results, for an in-
cidence of 3.2%. One tagged stool CAD false-pos-
itive result was selected by seven readers during
the CAD-assisted session, and eight were related
to reader false-positive results during the CAD-
unassisted session, albeit at a lower frequency (Fig
10). Among the six moving stool CAD false-pos-
itive results, three were related to six reader false-
positive results during the CAD-assisted session.

Diminutive and Non-

dismissible Polyp Candidates

The target lesion for screening is an advanced
adenoma, which is pathologically defined as a le-

sion that is 10 mm or larger, has villous features,
or has high-grade cellular dysplasia. Polyp candi-
dates that are smaller than 6 mm are often stool
or hyperplastic with no malignant potential. Ade-
nomatous polyps that are 5 mm or smaller have a
slow growth rate and a low incidence of dysplasia,
and CT colonography and conventional colonos-
copy have low sensitivity for depicting them; thus,
the CT colonography reporting and data system
(C-RADS) recommends that these lesions not be
reported. The risk for malignancy in adenoma-
tous polyps that are 5 mm or smaller is estimated
to be much less than 1% (42,43).

C-RADS recommends that short-term sur-
veillance be considered in patients with one or
two 6—9-mm polyps and no additional risk fac-
tors, although there is continued debate and
research relating to the appropriate polyp size
and number to determine whether optical colo-
noscopy or a surveillance strategy should be rec-
ommended (42-50). In this size range, the likeli-
hood that a lesion contains invasive carcinoma is
less than 1% (42,43).

The size of a lesion is determined by its maxi-
mal dimension and excludes the stalk in pedun-
culated lesions. The best view for accurately mea-
suring lesions should be carefully determined; a
combined 2D and 3D approach has been shown
to be optimal (51). Appropriate window settings
(eg, window width, 2000 HU; window level, O
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Figure 10. Stool. (a, b) Endoluminal 3D (a)
and magnified axial 2D (b) CT colonography
images show a CAD polyp candidate (blue
area in a and arrow in b). (¢) Endoluminal 3D
CT colonography image with an overlying at-
tenuation-dependent color map generated with
a translucency rendering tool shows the inter-
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HU) should be used to discriminate colon wall
from mesenteric fat. Readers must be familiar
with the measurement tools of the software be-
ing used to correctly and reproducibly measure
lesions. In general, irregularly shaped lesions
may be underestimated on multiplanar views; a
potential pitfall includes the calipers “falling off”
the edge of a polyp (ie, depositing the cursor on a
distant colon wall) on the 3D endoluminal view.
Although CAD software attempts to measure the
size of the polyp candidates it identifies, these
measurements should not be reported because
they often are incorrect. Instead, readers should
carefully measure lesions manually. In our re-
view, diminutive polyp candidates (those with a
diameter <6 mm) accounted for 5% of the CAD
false-positive results (42 out of 806), six of which
resulted in six reader false-positive results during
the CAD-assisted portion of the trial, for an inci-
dence of 0.8% (Fig 11).

CAD soft-tissue polyp candidates that did
not strictly fit into the other causes of CAD
false-positive results and were 6 mm or larger
were classified as nondismissible polyp candi-

nal architecture of the polyp candidate. The
color map confirms internal contrast tagging
of the polyp candidate, a finding characteristic
of stool. Five and seven readers reported this
finding as a polyp during the CAD-unassisted
and CAD-assisted sessions, respectively.

dates, a category that accounted for 7.7% (62
out of 806) of the CAD false-positive results.
Thirty-eight such nondismissable polyp candi-
dates were selected by at least one reader, for a
total of 170 reader false-positive results and an
incidence of 14.4%. Of these, 33 were 6—9 mm,
and five were larger than 9 mm. Eighteen were
also selected during the CAD-unassisted ses-
sion, albeit less frequently (usually). Four polyp
candidates were selected by more than 10 read-
ers during the CAD-assisted session (Fig 12).

Coarse Mucosa

Coarse mucosa that results from reconstruction
artifacts, volume rendering, poor colonic disten-
tion, extracolonic artifacts, or amorphous par-
ticulate stool is rarely a diagnostic dilemma and
easily dismissed in most cases (Fig 13). Coarse
mucosa is more frequently seen in low-dose
examinations and in thick or bony areas, such
as the rectum and pelvis. The size of a nodular-
appearing coarse mucosa may be overmeasured
by the CAD software and presented as a polyp
candidate. In our review, 4% (33 out of 806)
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Figure 11. Diminutive lesion.
(a, b) Endoluminal 3D (a)
and magnified axial 2D (b) CT
colonography images show a
CAD polyp candidate (arrow)
that measures approximately
4.2 mm in its maximal dimen-
sion, which is below the 6-mm
size criterion. During the CAD-
assisted session, this polyp
candidate was reported by one
reader, who over-measured it
as 7 mm.

a.
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Figure 12. Suspected polyp. (a, b) Magnified axial 2D (a) and endoluminal 3D (b) CT
colonography images show a CAD polyp candidate (arrow in a and blue area in b). The
soft-tissue polypoid structure is not secondary to a normal anatomic structure or artifact
and has no stool characteristics. Its maximal diameter is 6.1 mm, meeting the target lesion
size threshold. This lesion may be reported as a suspected polyp and referred for optical
colonoscopy for confirmation and biopsy. Alternatively, it may be conservatively managed
with short-term surveillance according to the C-RADS recommendations for a patient with
fewer than three 6-9-mm lesions. This lesion was reported by 11 and eight readers in the
CAD-unassisted and CAD-assisted sessions, respectively.

of CAD false-positive results were attributed to
coarse mucosa. None were related to reader false-
positive results.

Rectal Lesions
The rectum ends at the anal margin, a region
that may be difficult to evaluate and is a source of
CAD false-positive results due to technical and
anatomic factors. The rectum is not distended,
and the rectal tube or balloon distorts the mu-
cosa. Anatomically, it is the site of anal papillae;
anterior rectal bars; and internal hemorrhoids
and varices, structures that can mimic polyps.
Anal papillae are typically located at the anal
verge and have a pyramidal shape in a spoke-

wheel-like arrangement (Fig 14a). (Hemorrhoids
may have a similar configuration.) Anal papillae
frequently resemble a polypoid lesion in terms of
shape and attenuation. Hypertrophied anal papil-
lae occur at the anorectal junction, are usually
multiple (but can be solitary), and may be impos-
sible to differentiate from polyps at CT (Fig 14b).
Typically, internal hemorrhoids are broad-based,
grape-like defects that surround the catheter and
may change shape on supine and prone views.
Classically, rectal varices cause a serpiginous im-
pression on the rectal mucosa and flatten when in
the prone position, a result of better rectal disten-
tion. On 2D views, the presence of perirectal vas-
cular structures confirms the cause.
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Figure 13. Coarse rectal mucosa.(a, b) Endoluminal 3D CT colonography image ob-
tained along the posterior rectal wall (a) and corresponding magnified sagittal 2D CT
colonography image (b) show a polyp candidate with nodular-appearing coarse rectal mu-
cosa (blue area in a and arrow in b), a finding that may result from reconstruction artifacts,
volume rendering, or the presence of fuzzy particulate stool. This is a common appearance,
particularly in low-dose examinations and in the portions of colon in the pelvis where the
x-ray beam is attenuated by the pelvic bones, such as the rectum.

a. b.

Figure 14. Anal papilla. (a) Magnified axial 2D CT colonography image shows a polyp

candidate (arrow) at the anal verge that has a pyramidal shape in a spoke-wheel arrangement,
a finding consistent with multiple anal papillae. (b) Magnified sagittal 2D CT colonography
image shows the polyp candidate (arrow) adjacent to the rectal tube. On the basis of its char-
acteristic location and morphologic findings, the differential diagnosis includes redundant

mucosa; a solitary hypertrophied anal papilla, the most likely diagnosis; and a hemorrhoid.

If the anal region has a concerning appearance,
limited anoscopy or a digital rectal examination
may be used to further evaluate the region (Fig
14b). CAD polyp candidates that are located near,
but not at, the anal verge should be evaluated with-
out taking into account their proximity to a region
with frequent normal anatomic structures (35).

In our review, 4% (33 out of 806) of CAD
false-positive results were attributed to one of
these rectal lesions (ie, anal papillae, anterior rec-

tal bars, internal hemorrhoids, and varices). Five
were related to five reader false-positive results
during the CAD-assisted portion of the trial, with
an incidence of 0.8%; three of the reader false-
positive results were from the same reader.

Flexural Pseudotumor

A flexural pseudotumor is a phenomenon that
can occur inside a sharp turn of the colon, where
the folds of the inner aspect of the curve form a
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Figure 15. Flexural pseudotumor. Endoluminal 3D (a), magnified coronal (b), axial (c),
and sagittal 2D (d) CT colonography images show a CAD polyp candidate (blue area in a
and arrow in b—d) at the location of a sharp turn in the sigmoid colon. The haustral folds
along the inner bend appear thickened and bulbous, a finding often referred to as a flexural
pseudotumor. This example illustrates the utility of multiple projections to clearly delineate
the suspicious structure. The endoluminal and axial views demonstrate that the candidate is
along a sharp turn of the colon, a finding that is more difficult to appreciate on the coronal

and sagittal views.

pseudo-thickening or a polypoid structure (Fig
15). Flexural pseudotumor can be easily identi-
fied on axial, sagittal, and coronal reconstructions.
Often, both directions of the colon can be simulta-
neously seen on 3D endoluminal views, a finding
that indicates a sharp turn. Care should be taken
to check for true polyps at or near the site of a
flexural pseudotumor. In our review, 2% (18 out
of 806) of CAD false-positive results were attrib-
uted to flexural pseudotumor. One was selected by
a single reader during the CAD-assisted portion of
the trial, for an incidence of 0.3% (Fig 16).

Extrinsic Compression
Structures adjacent to the colon—such as the
bowel, blood vessels, liver, gallbladder, spleen,

psoas muscle, osseous structures, uterus, and
diaphragmatic crus—can cause an impression
on the colonic wall that can mimic a polypoid
structure or flat lesion, particularly on 3D endo-
luminal views (Figs 17, 18) (52). On 2D views
obtained with conventional soft-tissue window
and level settings, extrinsic compression from an
adjacent structure is apparent and easily dismis-
sible. In our review, 1% (11 out of 806) of CAD
false-positive results were attributed to extrinsic
compression. Two were related to seven reader
false-positive results during the CAD-assisted
portion of the trial, for an incidence of 3.3%,
and three were related to reader false-positive
results during the CAD-unassisted portion of
the trial.
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a. b.

Figure 16. Flexural pseudotumor. (a, b) Magnified coronal 2D (a) and corresponding
endoluminal 3D (b) CT colonography images show a CAD polyp candidate (arrow in a
and blue area in b) located along the inner aspect of a sharp turn of the colon. On the 3D
view, both directions of the colon are seen, a finding that confirms a flexural pseudotumor.
The bulbous appearance of this turn should not be mistaken for a polyp, as one reader did

during the CAD-assisted session.

Figure 17. Extrinsic compression. (a, b) Endoluminal 3D (a) and corresponding mag-
nified axial 2D (b) CT colonography images show a CAD polyp candidate (arrow in b).
On the endoluminal view, this polyp candidate is difficult to disregard and measures ap-
proximately 7 mm in its maximal diameter. However, the axial view shows that an external
structure, a right iliac vessel, is adjacent to the bowel wall and is extrinsically compressing

the sigmoid colon lumen.

Reconstruction, Peristalsis,

Streak, and Metal Artifacts

Multiple regular ripples across the mucosal sur-
face or folds can “fool” CAD but are usually eas-
ily dismissed on 3D endoluminal views by apply-
ing the neighborhood rule (Fig 19). Such ripples
often result from stair-step artifacts. If symmetric
findings are seen in adjacent folds, the CAD
polyp candidate can be confidently dismissed.
However, a discrete overlying abnormality should
be ruled out by evaluating the region on 2D and
additional views (eg, prone).

Electronic cleansing techniques have been de-
veloped to increase patient comfort and compli-
ance by replacing cathartic pre-examination bowel
preparation regimens with ingestion of positive
contrast material to label the fecal contents of the
bowel, which can be subsequently subtracted from
source CT images with postprocessing techniques.
The effect of postprocessing techniques on subse-
quent CAD software processing can result in an
increased number of CAD polyp candidates (53).

Motion from bowel peristalsis and patient
movement can potentially create soft-tissue
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Figure 18. Extrinsic compression. (a, b) Endoluminal 3D (a) and magnified axial 2D (b)
CT colonography images show a CAD polyp candidate (blue area in a and arrow in b) that
is secondary to extrinsic compression by the anterior tip of the spleen.

Figure 19. Endoluminal 3D CT colo-
nography image shows a CAD polyp
candidate (blue area) in the context of
a symmetric, repeating rippling effect
on the folds and surface of the colon.
This appearance may be seen in cases
of reconstruction artifact or, less com-
monly, respiratory or patient motion
and requires careful evaluation for any

asymmetric findings.

polyp candidates that are impossible to dismiss
on 3D endoluminal views. Similarly, streak ar-
tifacts from the interface of low-attenuation gas
and high-attenuation tagged fluid or from other
high-attenuation objects in the abdomen can
lead to CAD polyp candidates (Fig 20). A related
phenomenon was recently coined the “dense wa-
terfall” sign and is associated with opacified fluid
that flows from a high level to a low level relative
to the examination table (54). Similarly, beam
hardening and streak artifacts from metal objects
in the vicinity of the colon can lead to suspicious
contour abnormalities of the colonic mucosa and
CAD false-positive results. In general, peristalsis,
streak, and metal artifacts are easily recognizable
on 2D multiplanar reconstructions. Although
these artifacts are generally not confused with
underlying pathologic conditions, they may po-
tentially obscure relevant findings. CAD false-
positive results related to these artifacts resulted
in 31 (4%) CAD false-positive results and no
reader false-positive results.

Diverticulum

Impacted stool inside a diverticulum (ie, diver-
ticular fecalith) or the neck of the diverticulum
can simulate a polypoid structure and lead to

a CAD false-positive result (Fig 21). In our re-
view, 1% (9 out of 806) of CAD false-positive
results were related to diverticulum, and none
were related to reader false-positive results. On
2D images, diverticulum classically appears as

a luminal defect with a hypoattenuating center
and a hyperattenuating peripheral ring. Di-
verticulum is easily seen on 2D and 3D views,
making it an easily avoided pitfall. An inverted
diverticulum can mimic a polyp and is impos-
sible to dismiss on 3D endoluminal views. How-
ever, careful evaluation of 2D images may reveal
mesenteric fat on the serosal side or air, findings
that exclude a soft-tissue polyp.

Lipomas

Lipomas are rare benign tumors in the gastroin-
testinal tract. However, they are the second most
common benign tumors of the colon (usually sig-
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Figure 20. Artifacts. (a, b) Magnified axial 2D supine (a) and endoluminal 3D (b) CT
colonography images show a CAD polyp candidate (arrow in a and blue area in b) that is dif-
ficult to disregard on the endoluminal view. However, the 2D view shows streak artifacts from
peristalsis and the interface between air and densely-tagged liquid that may obscure large pol-
yps. This region should be carefully evaluated on the prone view to confidently exclude polyps.

a.

Figure 21. Diverticulum. (a, b) Magnified axial 2D (a) and endoluminal 3D (b) CT
colonography images show a CAD polyp candidate (arrow in a and blue area in b) at the
margin of the neck of a diverticulum, which causes the CAD to “see” a round surface that is

concerning for a polyp.

moid) and rectum after adenomas (55). On 3D
endoluminal views, lipomas are indistinguishable
from any other polypoid lesion. On 2D views,
they are characterized by internal fat attenuation
similar to that of surrounding pericolic fat (Fig
22). CAD infrequently detects lipomas and pre-
sents them as polyp candidates for review. In our
review, two of the 806 CAD false-positive results
were related to lipomas, and none were related to
reader false-positive results.

Rectal Tube
The contour of the rectal tube often results in a
CAD false-positive result that is easily dismissed

on 3D endoluminal and 2D views (Fig 23). The
adjacent mucosa should be carefully evaluated to
rule out an underlying or adjacent lesion.

Discussion
CAD has been shown to improve reader perfor-
mance, particularly for the detection of 6—9-mm
polyps. To maximize the positive predictive value
of CT colonography, readers must be aware of
and recognize the causes of reader and CAD
false-positive results. A direct, conscientious at-
tempt should be made to use the teaching points
and examples herein to minimize the rate of
reader false-positive results.
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Figure 22. Benign lipoma. Magni-
fied axial 2D CT colonography image
shows a polyp candidate (arrow) with
intrinsic macroscopic fat attenuation,
consistent with a benign lipoma.

a.
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Figure 23. Magnified axial 2D (a) and endoluminal 3D (b) CT colonography images show
a CAD polyp candidate (arrow in a and blue area in b) on the convex contour of the rectal
tube. Note the symmetric ripples of the surrounding rectal mucosal surface.

Many CAD false-positive results are easily dis-
regarded, including those that result from coarse
mucosa, reconstruction, peristalsis, motion, streak
artifacts, diverticulum, rectal tubes, and lipomas.
Of the 806 CAD false-positive results we re-
viewed, only 96 (12%) were mistaken for a polyp
by at least one of the 19 readers during the CAD-
assisted session, most of which (49 [51%]) were
selected by only one reader. Among the 96 CAD
false-positive results that were selected by at least
one reader during the CAD-assisted session, 43
(45%) were selected by at least one reader during
the CAD-unassisted session, eighteen (42%) of
which were selected by an equal or greater number
of readers in the CAD-unassisted session, indicat-
ing that they were difficult findings to disregard,
even without the direct prompting of CAD.

These findings help explain the relatively
small drop in specificity with the use of CAD
compared with the moderate gains in sensitivity.

The current goal of CAD is to decrease errors
of detection, not errors of characterization. By
directing the readers’ focus to areas of increased
suspicion, obvious polyp candidates are given

a second, directed evaluation. This evaluation
comes at the expense of showing several easily
dismissible polyp candidates that, fortunately,
have a small effect on specificity.

Frequent CAD false-positive results from
haustral folds, extracolonic polyp candidates, di-
minutive lesions (<6 mm), anal papillae, internal
hemorrhoids, varices, and flexural pseudotumors
are almost always recognized. (The incidence of
related reader false-positive results is <1%.) With
the neighborhood rule, haustral fold CAD false-
positive results that result from reconstruction
artifacts and underdistention can be recognized
and dismissed. Proper and meticulous 2D local-
ization is needed to exclude extracolonic polyp
candidates. Careful measurement of the polyp
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candidate should be performed before the finding
is reported. Knowledge of the normal anatomy
and appearance of the rectal region is necessary
to prevent mischaracterizing and over-reporting
lesions in this region.

The categories of CAD false-positive results
with the highest numbers of related single- and
multireader false-positive results were stool, the
ICV, and nondismissible polyp candidates (Table
2). CAD false-positive results related to stool are
common and often difficult to evaluate and dis-
miss. Every polyp candidate should be carefully
evaluated for features of stool, including internal
gas, internal tagging, sharp edges, and movement.

The morphologic characteristics of an ICV
are so variable and bulbous that it is often dif-
ficult to exclude a polyp. Given the inherent
difficulty in evaluating the ICV and the lack of a
standardized approach, it would be valuable to
know the true incidence of polyps on the ICV in
a screening population. Although a single report
evaluating 91 consecutive cecal and ascending
colon tumors reported that 15% involved the
level of the ICV, the study included symptom-
atic patients with 3—12-cm lesions, including
mass lesions that would be evident on 2D multi-
planar CT colonography images and are clearly
not the target lesion for screening CT colono-
graphy (56). Therefore, this data set is not
generalizable to screening CT colonography. A
review of more recent literature reveals a paucity
of data regarding the incidence of polyps on the
ICV and the rate of positive optical colonoscopy
biopsy results involving the ICV. Rather, there
are infrequent case reports of tumors affecting
the ICV, which suggests its rarity (57). Further
data are necessary to determine how best to
manage suspicious ICV findings at CT colonog-
raphy, given the likely low prevalence of adeno-
matous polyps. When patients will be referred to
endoscopy because of other suspicious findings,
the endoscopist should be made aware of any
suspicious ICV findings.

The management of diminutive polyps and
those that are 6—9 mm plays an important role
in determining the net effect of CT colonog-
raphy, both with and without CAD, on patient
care and costs. Nondismissible polyp candidates
(6-9 mm) are frequent causes of CAD-assisted
and CAD-unassisted reader false-positive re-
sults. Having a 6-mm threshold increases false-
positive results, with a questionable benefit in
cancer detection and long-term mortality. Cur-
rent C-RADS recommendations stipulate that
fewer than three 6-9-mm lesions can be man-
aged with short-term surveillance after discus-
sion with the patient rather than immediate en-
doscopy and biopsy (44-50). Additionally, there
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are limitations to the use of optical colonoscopy
as the reference standard, with a reported miss
rate for adenomas that are 6-9 mm and 1 cm

or larger as high as 13% and 6%, respectively
(58-61). Although rare, extrinsic compression
should be considered a possible source for polyp
candidates, a question that may be resolved by
careful evaluation for adjacent structures that
cause mass effect on 2D views.

Conclusions
CT colonography has the potential to improve
patient compliance with colon cancer screening
recommendations and has been demonstrated
to improve reader sensitivity in interpreting CT
colonography studies. However, to maintain and
improve specificity, readers must be familiar
with the many sources of CAD false-positive
results—including normal anatomic structures,
underdistention of the colon, and stool—to
recognize and properly categorize these polyp
candidates. Strategies for correctly evaluating
CAD polyp candidates are important to avoid
pitfalls related to the most common sources of
CAD false-positive results, especially the ICV
and tagged stool. In a large multiple-reader,
multiple-case trial, the vast majority of CAD
false-positive results were dismissed by readers.
As CT colonography becomes more widely im-
plemented, the management of nondismissible
polyp candidates and diminutive lesions will re-
quire further investigation.
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Page 1886

CT colonography has rates of polyp detection comparable to those of optical colonoscopy, and its use
may improve overall adherence to screening guidelines because it is minimally invasive, requires no seda-
tion, has the potential for reduced cathartic examinations, and has faster patient throughput (4,7-10).

Page 1892

On the basis of experience from air-contrast barium enemas, histologically normal valves may be large,
asymmetric, or smoothly lobulated, making these characteristics generally nonspecific and unhelpful at
CT colonography (37).

Page 1894
Often, nontagged stool can be identified by the presence of internal gas, low attenuation, or a mottled
internal texture. Additional characteristics of stool include angulated margins.

Page 1902

By directing the readers’ focus to areas of increased suspicion, obvious polyp candidates are given a sec-
ond, directed evaluation. This evaluation comes at the expense of showing several easily dismissible polyp
candidates that, fortunately, have a small effect on specificity.

Page 1903
The categories of CAD false-positive results with the highest numbers of related single- and multireader
false-positive results were stool, the ICV, and nondismissible polyp candidates (Table 2).
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Page 1885: The byline should read as follows: “Igor Trilisky, MD, Kristen Wroblewski, MS, Michael W. Vannier,
MD, John M. Horne, MD, Abraham H. Dachman, MD”

Page 1887, Table 2: The data in the second column of this table should read as follows: “9 (4.0), 20 (13.9), 2 (1.5),
38 (61.3), 13 (23.6), 6 (14.3), 0 (0), 5 (15.2), 0 (0), 1 (5.6), 0 (0), 2 (18.2),96 (11.9)”
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