Evolution of CT colonography

Many public health organizations, including the American Cancer Society, recommend colorectal carcinoma
screening for all average risk adults beginning at the age of 50 years. Colorectal cancers are known to
develop from precursor adenomatous polyps that progress from small to large size and from dysplasia to
cancer over the course of many years. Despite the potential for prevention, patient compliance is markedly
suboptimal. Additional screening options could lead to improved detection rates for early discovery of
polyps and cancers and thus lead to fewer cancer deaths. Many early studies have confirmed the ability
of CT colonography to accurately detect polyps and colorectal cancers. This article will provide an overview
of the current ‘state of the art’ of CT colonography, focusing on relevant recent research in the areas of
colonic cleansing and distention, data acquisition, interpretation methods, validation and extracolonic

findings. New guidelines, including the indications for CT colonography, are also discussed.
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Colonic cleansing

Adequate bowel preparation for CT colono-
graphy (CTC) is imperative. A well-cleansed
colon is necessary to facilitate polyp detection
and limit both false-positives and false-negatives
by allowing differentiation of polyps from folds
and residual stool that affect both 2D and 3D
analyses [1]. Residual solid stool can mimic a true
polyp (false-positive) or obscure polyps (false
negative) and lengthen interpretation times
(Fieure 1) [2]. Oral intake should be restricted to
clear liquids 24 h before the examination. The
addition of a cathartic or a laxative promotes
evacuation of colonic contents.

B Laxatives: wet & dry

A myriad of colonic cleansing preparations are
available that vary in cleaning ability, safety and
patient tolerance [3]. The major preparations
can be classified as either ‘dry’ or ‘wet’. The dry
preparations include the saline cathartics and
the wet preparations consist of various lavage
solutions of polyethylene glycol (PEG) 4]. The
saline cathartics, which include sodium phos-
phate (NaP) or magnesium citrate, are osmotic
inorganic cathartic salts that are not absorbed,
and remain in the lumen of the bowel, where
they cause an increase in intraluminal fluid and
stimulate peristalsis and subsequent evacuation.
NaP is typically administered as a single dose of
45 ml. Some have advocated the use of a double
dose (90 ml) of NaP, but a single dose has been
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shown to be just as effective [5]. Complications
with NaP have been widely reported, such as
electrolyte disturbances including hyperphos-
phatemia, hypocalcemia, hypernatremia, hypo-
kalemia and acute phosphate nephropathy.
Therefore, this cathartic preparation should be
avoided in the setting of electrolyte abnormali-
ties, renal failure, congestive heart failure, ascites
and in combination with ACE inhibitors [6,7].
Magnesium citrate is less likely to result in
pronounced electrolyte imbalances, although
fluid intake should be maintained to prevent
dehydration [8,9]. A recent study by Borden ez al.
comparing colonic cleaning and fluid retention
for CTC with double-dose magnesium citrate
and single dose NaP in 118 and 115 patients,
respectively, showed excellent cleansing with
88.6 and 88.1% of respective groups having no
significant residual stool. These results suggest
that retained stool and fluid is similar with both
types of saline cathartics. Magnesium citrate is
preferred in patients at risk for potential electro-
lyte disturbances due to its inherent decreased
risk of this complication compared with NaP [10].
Lavage preparations of PEG are generally con-
sidered to be wet preparations. Although PEG
does not cause large fluid shifts, the preparation
leaves considerable residual fluid in the colon
(Ficure 2). Residual fluid is less of a problem at
optical colonoscopy because it can be suctioned
at the time of the procedure. However, retained
fluid pools can obscure significant portions of
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Figure 1. Mobile stool. Supine axial view (A) shows a homogeneous polypoid
mixed density lesion surrounded by fluid (arrow) in the descending colon. The polyp
moves to the dependent wall on the opposing prone view (B).

the bowel wall in CTC 11]. Typically, patients
are required to ingest 4 1 of PEG within 2-3 h
on the day before the study. While PEG has been
reported to be safer and therefore may be pre-
ferred in the elderly, it has the lowest adherence
due to poor tolerance [12]. Patients have difficulty
with compliance due to abdominal discom-
fort, bloating and nausea [13]. Adverse effects,

Figure 2. Submerged peduculated polyp. Supine axial image (arrow in A)
shows a peduculated polyp in the sigmoid colon. The polyp is submerged in fluid
on the prone image (B). On abdominal windows, the polyp is soft tissue density
(arrow in €) and is faintly visible submerged in the fluid (arrow in D).
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including electrolyte disturbances, vomiting,
allergic reactions and aspiration, are still reported
but occur to a lesser degree [9]. Studies compar-
ing the efficacy of oral NaP and PEG before
undergoing colonoscopy have found no signifi-
cant difference in the quality of bowel cleansing
between these two agents [14-16]. A meta-ana-
lysis study by Belsey ez al., identified 58 publi-
cations reporting adverse events in 131 patients
following oral administration of either PEG
(22 patients) or NaP (109 patients) [16].

B Fecal & fluid tagging

Fecal tagging is achieved by ingestion of high-
density contrast agent(s). Residual solid or liquid
colonic contents become homogeneously high in
attenuation and, thus, can be differentiated from
polyps of soft tissue density. Barium sulfate and/
or iodinated contrast is administered with meals
2448 h prior to imaging. Different densities
of barium-based tagging agents have been pro-
posed and have been shown to be effective [17,18].
Fundamentally, barium labels the solid stool
remaining in the colon and iodinated contrast
material tags residual fluid pools. Iodine-based
agents (either ionic or nonionic regimens),
because they are hypertonic, also cause fluid
shifts and, therefore, have an additional cathar-
tic effect. A 2009 retrospective study using non-
laxative or minimum-laxative protocols found
the homogeneity of tagged fecal matter more
effective with better iodine-based regimens
than with barium [19]. A large multicenter trial
included fecal and fluid tagging (16 g of barium
sulfate given 24 h before and 60 ml iodinated
contrast given the evening before the CT scan)
and patients underwent a full bowel-cleansing
regimen with either PEG, magensium citrate or
phospho-soda and bisacodyl tablets [20].

B Minimal preparation

& noncathartic CTC

There has been much recent investigation into
‘minimal preparation’ or ‘prepless’ CTC as a
result of limited patient tolerance and poor
patient compliance with full bowel cleansing
regimes. Early studies examining polyp detec-
tion in the setting of tagging without cathartic
preparation or with reduced cathartic prepara-
tion have reported favorable results [21,22]. In a
2008 study by Jensch ez al., 40 patients were
randomized to different cathartic levels (varying
doses of biscadcoyl with and without magnesium
citrate). There were no differences in image qual-
ity and patient acceptance rates were lower with
the more aggressive regimens [23]. A recent study
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in 2010 by Keeling ¢z al., evaluated limited-prep-
aration CTC in 67 elderly patients (age range:
75-89 years) with limited functional status.
Limited low-dose CTC yielded good to excel-
lent image quality, which excluded relevant large
lesions (masses and polyps > 1 cm), including any
colonic cancers with the potential to obstruct or
metastasize. While small cancers and polyps may
have been missed in this study, these findings
were considered to be less relevant in this patient
population given the limited life expectancy [24].
Another study by Jensch ez al. illustrated limi-
tations of current noncathartic preparations. In
this study, CTC with fecal tagging only was per-
formed in patients at increased risk of colorectal
cancer. There were more false-positives identified
on noncathartic CTC compared with blinded
colonoscopy (42 false-positives in 168 patients
using a threshold of 6 mm). Per-patient sensi-
tivities were not significantly different for CT
colonoscopy and colonoscopy. Sensitivities and
specificities of CTC for patients with lesions
6 mm or larger, and 10 mm or larger, were 76
and 82%, and 79 and 97%, respectively [22].

Another recent study, performed in
50 patients undergoing CTC with a tagging-
only bowel preparation, found that a low fiber
diet the day prior to the examination may lead
to better tagging and decreased solid stool,
although this does not appear to have an effect
on polyp detection [2s].

‘Nonconventional’ preparation CTC studies
have typically involved mainly small cohorts and
high-risk patient populations, and preparation
protocols have varied widely. There are currently
no standardized protocols for minimal bowel
preparation or fecal tagging regimens that are
universally accepted [26]. A recent study com-
paring 1-day versus 2-day iodine-based bowel
preparation protocols found improved toler-
ance and comparable performance for the 1-day
preparation [27]. In the future, minimum laxative
CTC may be offered to select patient cohorts
such as those with limited mobility or limited
tolerance with the understanding that there may
an increased number of false-positives.

Same day fecal tagging after incomplete colo-
noscopy has also been evaluated and compared
with the standard colon cleansing prior to colo-
noscopy. Additional fecal tagging can reduce
residual fluid and may improve distention.
Although there may be increased fecal residue,
the tagged nature helps differentiate stool resi-
due from polyps [28]. There is no consensus or
recommendation at this point on the optimum
same day fecal tagging regime.
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B Electronic cleansing

New electronic subtraction algorithms are cur-
rently being explored. The concept of ‘electronic
cleansing’ involves manipulating images so that
high-density tagged material is removed or sub-
tracted without compromising polyp detection.
In practice, electronic subtraction is challenging
due to heterogeneous fecal tagging and partial
volume artifacts [29]. Electronic cleansing is lim-
ited by ‘oversubtraction’, which can occur where
polyps are subtracted with the stool. There are
mixed results in the literature as to whether elec-
tronic stool subtraction improves or decreases
the sensitivity of CTC [30]. A recent study by
Serlie et al., found that electronic cleansing led
to shortened interpretation times, and found
lesions uncovered by electronic cleansing to
have comparable conspicuity with lesions sur-
rounded by air, and allowed for easier identifica-
tion and improved reader confidence [31]. These
algorithms will continue to be implemented as
lower volume cleansing techniques continue
to advance, and there is further development
of improved subtraction software. Structure-
analysis cleansing is a new electronic cleansing
technique that avoids cleansing artifacts. This
technique uses local morphologic information
to identify submerged polyps while removing
tagged material with the air-tagging boundaries
that otherwise can be a source of partial volume
effects and cleansing artifacts [32].

Colonic cleansing is essential for a diagnos-
tic CTC examination. Fecal and fluid tagging
and electronic cleansing are used to distinguish
retained solid or fluid material from colorectal
polyps. Minimal preparation or ‘prepless’ CTC
has the potential to improve patient compliance

with CTC.

Colonic distention

Poorly distended or collapsed segments may
obscure polyps or mimic annular obstructing
carcinomas. Decreased sensitivity and speci-
ficity have been reported with decompressed
segments (Ficure 3) [33,34]. A scout image should
be performed prior to CT with the patient in
the supine position to evaluate for adequate
distention. Additional gas can be administered
in supine and prone positions as needed. Scan
acquisition is performed in the supine and prone
positions to improve chances of distending the
transverse and sigmoid colon and to redistrib-
ute remaining material/fluid and air. At our
institution, we frequently perform an addi-
tional scan in the decubitus position to opti-
mize distention of the sigmoid colon. Improved
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Figure 3. The small sessile polyp seen in the rectum on the prone images
(arrow in B) is not identified on the supine images due to a lack of
gaseous distention.
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per-patient and per-polyp sensitivities have been
reported with prone and supine imaging [33-35].
CO, is preferred to air because it is absorbed
through the colonic wall and exhaled via the
lungs, and therefore has been better tolerated
owing to decreased postprocedural gas and pain.
Several studies have confirmed reduced abdomi-
nal pain in patients with the use of CO, rather
than air 36]. Current CTC technique favors use
of an automated insufflation device for CO,
administration that results in improved colonic
distention compared with manual inflation.
The maximum pressure setting is set at a safe
level (up to 25 mmHg) to minimize the risk of
colonic perforation, and some have a mechanism
for deflation if there is too much pressure [37.
The perforation risk with electronic CO, insuf-
flation is negligible in the screening population,
compared with optical colonoscopy. The few
reported perforations during CTC have involved
manual insufflation [38].

Spasmolytic agents

The use of spasmolytic agents, such as glucagon
or Buscopan®, has been controversial, although
current CTC technique does not include spas-
molytics for all patients. Based on data from
barium enema studies, antispasm drugs have
been reported to decrease patient cramping
after the procedure [39]. Other studies, however,
have found that glucagon does not significantly
improve sensitivity for colorectal polyp detec-
tion and its use would contribute to increased
cost with potential for harmful side effects [40].
Thus, there are insufficient data to recommend
the routine use of spasmolytics, but they may be
used in the setting of colonic spasm or abdomi-
nal discomfort that might restrict bowel insuf-
flation (41]. Buscopan is not available in the USA,
but has been reported to be effective in Europe.
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Scan protocol

With the advent of spiral or helical CT in the
early 1990s, CT scanning has become rapid
enough to allow for thinner slices, shorter scan
times and reduced radiation dose. Meta-ana-
lysis studies have demonstrated that CTC data
acquired at 1-mm-thin sections have improved
sensitivity or specificity for polyp detection in
both phantom and human datasets. For exam-
ple, Lui and colleagues evaluated various slice
thicknesses at CTC, including a 1.25-mm sec-
tion every 1 mm (thin) and 5-mm section every
2 mm (thick). They demonstrated improved
specificity and decreased false-positive findings
with thin sections, but there was no significant
difference in polyp detection sensitivity between
thin and thick sections (42-44]. At present, typical
protocols use a collimation of 0.625-3.0 mm,
ideally with scan times of less than 10's, allowing
for single breath hold [9]. A recent consensus by
the 2009 American College of Radiology (ACR)
practice guidelines recommended that CTC be
performed using a multidetector row CT scan-
ner with greater than or equal to four detector
rows, slice thickness equal to or less than 3 mm,
and reconstruction interval of less than or equal
to 2 mm [41]. The same dataset may be used to
evaluate for extracolonic pathology at 2.5- or
5-mm slice thickness [9].

Radiation dose

The effective radiation dose must be taken into
consideration when determining a scan protocol.
Radiation dose should be kept to a minimum,
while maintaining diagnostic image quality. As
CTC becomes widely available for colon can-
cer screening of the general population, there
must be consideration of radiation exposure.
Although thinner sections improve polyp detec-
tion, as slice thickness is reduced, the radiation
dose is increased to maintain constant noise [45].
As noise increases, it becomes more difficult to
differentiate stool from polyps. Attention to cur-
rent (mAs), voltage (kVP) and automated tube
current modulation is needed to keep radia-
tion exposure as low as reasonably achievable.
(ALARA principle) [12]. Due to the high tissue
contrast between gas and colonic wall, reduc-
tion in mAs can be obtained without limiting
polyp detection, at least for polyps larger than
10 mm in diameter. Studies have shown accept-
able sensitivity for detection of polyps with low
effective radiation doses. In a study by Macari
et al., CTC was performed on 105 patients
with a reduced radiation dose protocol con-

sisting of 50 mAs, 120 kVp and 1.25-mm slice
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thickness with 1-mm reconstruction intervals.
Sensitivity of 70% for 6-9 mm polyps and 93%
for polyps over 10 mm were reported [46]. Van
Gelder and colleagues looked at ultra-low-dose
scans ranging from 0.05 to 12 mSv and found
overall sensitivity for polyps 5 mm or larger to
decrease at lower doses but remained at 74% for
0.2 mSv [47]. A recent study by Fisichella ez al.
examined 50 patients at high risk for colorectal
cancer who underwent CT at standard dose,
40-160 mA, and low dose, 10—50 mA, followed
by same day optical colonoscopy and looked at
artifacts and the presence of polyps. It was found
that reduction of the effective dose to 1 mSv sig-
nificantly affected image quality on 3D images
but the detection of lesions larger than 6 mm
was not significantly compromised [48]. Use of
automatic exposure control (which modulates
tube current according to the z axis of the patient
and the rotational angle of the CT gantry) can
individualize dose; decreasing dose for small
patients and increasing dose for larger patients.
The CT protocol may also vary depending
on the clinical indication. For example, while
low-dose CTC is recommended for screening
purposes, a diagnostic examination in a symp-
tomatic patient may require the use of routine
dose and intravenous contrast. Higher radia-
tion dose exposure may be required with obese
patients or if additional scanning is required in a
decubitus position. Liedenbaum and colleagues
evaluated 34 research institutions performing
CTC and found median effective dose per insti-
tution for screening CTC of 5.7 mSv compared
with 9.1 mSv for daily routine CT examinations.
They found no difference in effective dose with
different numbers of detector rows but noted
the trend towards increased use of dose modu-
lation (49]. With current dose ranges for screen-
ing CTC ranging closer to 5 mSv, Brenner and
Georgsson concluded that the benefit/risk ratio
was high for CT'C. They estimated the potential
absolute lifetime risk of radiation-induced cancer
risk for a single CTC examination at 50 years to
be approximately 0.14% (previous estimates) or
approximately 1 in 700. This potentially could
be further reduced by a factor of 5-10 with
optimized low-dose protocols depending upon
the assumptions underlying the estimates of the
radiation risk models [47,50-52].

Most estimates of radiation-induced cancer
risk come from the study of Japanese atomic
bomb survivors, in the ‘Life Span Study’, which
evaluated long-term follow-up of the effects of
radiation exposure. Patients were exposed to a
wide range of radiation doses in the range of
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40 mSv [53]. Analysis of cancer risk is based on
the use of a linear no-threshold assumption with
low doses only estimated by extrapolating mod-
els based on the results from the exposures of
these patients. The Biological Effect of Ionizing
Radiation VII report extrapolating radiation risk
from data from atomic bomb survivors, states
that at doses less than 1000 mSv, ‘statistical limi-
tations make it difficult to evaluate cancer risk
in humans’ [54]. An accurate assessment of can-
cer risk is difficult given that the radiation dose
received at CT'C is considerably smaller than has
been implicated in radiation exposure studies
and is not a whole-body exposure as assumed in
the atomic bomb survivor cohort.

Since CTC involves the use of ionizing
radiation, the effective radiation dose must be
monitored and kept to a minimum, while still
maintaining diagnostic image quality. An accu-
rate cancer risk is difficult to calculate based on
estimates from prior radiation-induced cancer
risk studies.

Data interpretation

The initial scan data from a CTC examination
consists of a large number of images that need to
be interpreted efficiently. Both 2D and 3D tech-
niques are used concomitantly with the choice of
primary interpretation based on personal pref-
erence and individual accuracy. Typically, one
display technique is used as the primary inter-
pretation method and the other used for problem
solving, although both are considered comple-
mentary reading tools. Polyps appear as ovoid
or rounded, homogeneous soft tissue densities
that are typically fixed in location. By contrast,
residual stool is heterogeneous in density and
mobile. Interpretation of CTC studies with tag-
ging requires a modification of traditional read-
ing methods. Wide bone windows are needed to
help find polyps hidden in the denser fluid and
stool [55]. New techniques being explored include
the ‘filet view’” or ‘virtual dissection’ view where
the colon is cut open along a centerline along the
long axis to lay flat and ‘sliced’ open for display
(Ficure 4) [56]. Additional training is needed as skill
sets are different from conventional CTC inter-
pretation. New 3D software is available that offers
a translucency view or color map overlay based on
lesion density to distinguish tagged stool from
soft tissue density of polyps [57]. Other software
can track portions of colonic wall by painting
examined surfaces a different color so that the
reader can review any missed areas. There are
multiple commercial workstations with US FDA-
approved software targeted at CTC analysis.
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Figure 4. Filet/virtual dissection view.

Some are thin-client web-based solutions, while
others are standalone workstations or integrated
into picture archiving and communication system
(PACS), which vary in ease of use and capabili-
ties. All should allow for multiplanar reformations
and 3D endoluminal viewing with the option of
new features, including panoramic views, virtual
dissection, translucency rendering and wide-angle
views, which may improve polyp detection and
improve reader accuracy and efficiency. Novel
displays and techniques include an unfolded
cube display and a display that uses the location
of the tenia coli to coregister the supine and prone
scans [12,58,59].

Training

When learning how to interpret a CTC study,
a radiologist should ideally perform the primary
interpretation at a workstation, on endoscopi-
cally confirmed cases, and receive feedback on
performance. Large multicenter trials have varied
widely in reader skills. The American College
of Radiology Practice Guidelines recommends
that readers review at least 45—50 cases [60.61].
Readers in the National CT Colonography Trial
were required to have read 500 CTC studies and
undergo a qualifying examination of 20 cases.
Mentorship or assistance in cases is encouraged
as less experienced readers may miss lesions. A

second reader, or use of a computer-aided design
(CAD) system, may help readers reconsider a
possible lesion and therefore increase accuracy
and sensitivity (62]. Training should not only
include interpretation skills, but also provide
additional teaching on the indications, contra-
indications, methods of patient preparation and
scan protocol. There should also be participation
in a quality assurance program [63]. Radiologists
can attend various training courses through pro-
fessional societies, university programs and the
ACR training facility. More trained readers will
be needed to accommodate the potential demand
when CTC becomes widely implemented as a
screening test.

CT colonography readers should be well-
trained in both 2D and 3D interpretation.
Accuracy and efficiency increase with training
and experience.

Computer-aided detection

Computer-aided detection, introduced in the
late 1990s, has the potential to play an impor-
tant role in improving the diagnostic ability
of CTC and decreasing reader variability [64].
Radiologists can use CAD as either a first,
concurrent or second reader. Using CAD as a
first reader has not been widely accepted. In
the concurrent reader paradigm, CAD markers
are visible during the radiologist interpretation.
While this may reduce interpretation time and
increase sensitivity, a drawback is that the CAD
markers may become a distraction. In the sec-
ond reader option, the radiologist reviews his
or her findings separately from the CAD and
then revises the final interpretation. The radi-
ologist has the final decision to accept or reject
any lesion. Sensitivity is likely to be increased,
but interpretation times may be longer with this
format and could reduce overall specificity [65,66].
Experts recommend the use of CAD as a ‘second
reader’ after initial interpretation without CAD
(Ficure 5) [62]. An appropriate CAD system should
have a high sensitivity for detection of clinically
significant polyps (above a size threshold) and
low false-positive detection rate and should only
add minimal extra reading time. Common false-
positives include the ileocecal valve, thickened
folds, residual fecal matter and the rectal tube
that can mostly be avoided by correlation with
the 2D images [64]. False negatives are due to flat
or small polyps, poor distention, adherent con-
trast material and residual fecal matter, which
can be reduced by various techniques, includ-
ing fecal and fluid tagging, software correction
and fluid subtraction [64]. Several large studies
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are under way to prove the benefit of CAD and
support its reimbursement. In standalone trials,
Summers et al. found sensitivities for CAD of
89.3% for identifying adenomatous polyps at
least 1 cm in size. For 8- and 10-mm adenoma
size thresholds, sensitivities of CAD were not
significantly different from optical colonos-
copy [67]. Van Ravenstein ez al., looked at CAD
sensitivities for polyps 6 mm or larger, with
results ranging from 85 to 100% and found their
CAD system generalizable to data from differ-
ent medical centers and different patient popula-
tions [68]. Other groups have looked at sensitivity
of different CAD systems in colonic phantoms
and found similar outcomes [69]. Integration of
CAD to CTC software and hardware platforms
will increase confidence and perhaps accuracy
of interpretation, particularly for new readers.
Larger trials evaluating CAD in the clinical set-
tings are required to prove that CAD improves
sensitivity without time penalty. In addition, the
issues of appropriate training, cost efficiency and
standardization need to be addressed. iCAD,
Inc. has recently received FDA approval for its
VeraLook CAD.

Computer-aided detection may assist in CTC
sensitivity and reduce reader interpretation time.

Flat lesions

The significance of flat or nonpolypoid lesions is
debatable. Polypoid lesions include sessile polyps,
which have a broad base, and pedunculated pol-
yps that have a head and stalk. These account for
most advanced adenomas and cancers [70]. The
true prevalence and potential clinical significance
of ‘flat’ or ‘nonpolypoid’ colorectal lesions in the
US screening population is controversial [71].
The lack of standardized definitions, variations
in study population and differences in approaches
to detection contribute to the disagreement.
The term ‘flac’ lesion is misleading as these
lesions are usually superficially elevated with a
small minority containing a central depression,
whereas completely flat lesions are exceedingly
rare. Flat lesions are considered less conspicu-
ous than polypoid lesions of a similar size on
both CTC and optical colonoscopy, but may
be detectable with appropriate techniques and
awareness (Fioure 6). Phantom and clinical stud-
ies, however, have shown reasonable sensitivity
at CTC with the use of oral contrast and com-
bined 3D and 2D reading methods. One study
found sensitivities of 80% for flat lesions 6 mm
or greater in an asymptomatic screening popula-
tion using fecal and fluid tagging and primary
3D review. By contrast, a smaller study, without

fecal tagging and primary 2D review, detected
less than 50% of flat lesions but only ten patients
were evaluated [72]. Potential clinical relevance
varies in the literature, with some reporting less
aggressive and often non-neoplastic histology in
flat versus polypoid lesions [73]. In a recent study
from Pickhardt ez al., a prospective screening
study evaluating 5107 asymptomatic patients
found flat lesions, using 3 mm as the maximum
threshold, to have less aggressive histology fea-
tures [74]. Flat lesions appeared to be more likely
to have hyperplastic histology (74-77). Unlike the
situation in Asia, there is no substantial evidence
that small, flat lesions are a common problem
in the West [71]. With technical advances, the
ability to detect flat lesions has improved as well.
Therefore, while flat lesions remain challeng-
ing, they should not represent a major drawback
to widespread screening [72-78]. A nonpolypoid
subtype, the carpet lesion, is a laterally or super-
ficially spreading tumor. Carpet lesions can be
subtle, and although they have a lower rate of
malignancy, they may have villous features and
dysplasia [12]. More work will be needed in the
areas of these lesions where size alone may not be
the main determinant of risk of neoplasia.

The clinical significance and prevalence of flat
lesion is controversial. CTC has shown reason-
able sensitivities in detecting flat lesions with
optimized scanning techniques.

Extracolonic findings

CT colonography can detect extracolonic
lesions that range from benign to more signifi-
cant findings, including cancers outside of the
colon at an early or asymptomatic stage. Most
incidental findings are benign and determined
to be clinically inconsequential, with further
work-up leading to additional healthcare cost,
patient anxiety, and potentially increased patient

Figure 5. Filet view with computer-aided detection. Blue lesions were marked
as potential polyps.
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Figure 6. Flat lesion. Supine and prone images demonstrate a small flat polyp,
less than 3 mm in height, in the ascending colon (arrows in A and B).
(C) 3D-endoluminal view of the flat polypoid lesion.
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morbidity and exposure to unnecessary radia-
tion. Some findings, however, can lead to an
earlier diagnosis of clinically significant disease
that could result in decreased morbidity and
mortality as well as long-term cost savings. The
detection of extracolonic abnormalities may
become limited with lower dose CT technique
due to increased image noise. New iterative
reconstruction or denoising CT image recon-
struction filters promise to improve the image
quality of low-dose scans [78]. The incidence
of ‘significant’ extracolonic findings has been
shown to be higher with the use of IV contrast
(79]. Studies performed in asymptomatic screen-
ing patients have found extracolonic findings in
41-69% of patients, although the majority of
findings are insignificant. It is estimated that
9-14% of patients, however, will have significant
extracolonic findings, of whom, 1-2% will need
intervention. Xiong and colleagues performed a
meta-analysis of primary studies of extracolonic
findings with 3488 patients and found extra-
colonic lesions in 2015, 188 undergoing further

Imaging Med. (2011) 3(1)

diagnostic work-up and 0.8% requiring immedi-
ate treatment. Extracolonic malignancies were
identified in 2.7% with almost half identified at
the early stage [80]. Several studies have evaluated
the cost of work-up of incidental findings and
largely showed that there was an additional cost
ranging from US$12 to $36 per CTC study [78].
Although most incidental findings are benign,
1-3% are more significant, requiring surgery
with an expectant cost increase. Most significant
extracolonic findings are usually malignancies or
large aortic aneurysms (Fieure 7) [81]. In a recent
study by Pickhardt er 4/., unsuspected cancer
was detected in 0.56% of an asymptomatic pop-
ulation of greater than 10,000 patients under-
going screening CTC at two centers. Invasive
colorectal cancer was found in 22 patients
(0.21%) and extracolonic cancer in 36 patients
(0.35%). The detection rate of unsuspected can-
cer is 1 per 200 asymptomatic adults, including
one invasive colorectal carcinoma per 500 cases
and one extracolonic cancer per 300 cases. Thus,
detection of asymptomatic, early-stage and local-
ized extracolonic cancer represents an additional
benefit of screening CTC [82].

The majority of incidental extracolonic find-
ings identified on CTC are benign, although
occasional clinically important lesions may be
detected at earlier and curable stages.

Validation studies

Single-center studies, multicenter trials and
meta-analyses have demonstrated excellent
performance of CTC using colonoscopy as the
reference standard. Early trials that were mostly
single-center studies showed mixed results using
awide range of cohorts, including symptomatic,
surveillance and screening populations [83-86].
Per-polyp sensitivity for medium-sized pol-
yps (6-9 mm) and large polyps (greater than
10 mm) ranged from 47 to 82% and 75 to 93%,
respectively. Per-patient sensitivity ranged from
76 to 93% and 84 to 100%. Cotton and col-
leagues looked at 600 patients with symptoms of
possible colorectal cancer or a history of polyps
and found low sensitivity [87]. A study by Rockey
et al., also showed disappointing results (8s].
However, these studies did not use high spatial
resolution multidetector CT techniques, pri-
mary 3D interpretation or tagging [5s]. Doshi
and colleagues reviewed the false-negative
interpretations from the Cotton ez 4/. study and
found significantly improved per-polyp and
per-patient sensitivities, suggesting the initial
results may have been due to insufficient training
and expertise.
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Subsequent studies have demonstrated
improved sensitivities for polyp detection with
more consistent excellent results. These studies
stress the importance of rigorous techniques and
extensive training [89]. Pickhardt ez al. evaluated
asymptomatic adults and showed that CTC could
achieve comparable performance with optical
colonoscopy [90]. CTC had similar sensitivity
to colonoscopy of 94% for polyps 10 mm and
larger, compared with sensitivity of 88.7% for
polyps 6 mm and larger. The American College of
Radiology Imaging Network (ACRIN) National
CTC Trial, the largest multicenter trial evaluat-
ing CTC performance, involved 2531 asymp-
tomatic subjects from 15 sites, and demonstrated
per-patient sensitivity and specificity of 90 and
86%, respectively, for adenomatous colorectal
lesions over 1 cm. All readers had previously inter-
preted 500 CTC cases as experience or attended
a 1.5-day course and taken a certification exami-
nation. Unlike most prior studies, fluid and fecal
tagging, colonic distention with COz’ multide-
tector CT with 2D and 3D detection on dedi-
cated software systems were included [9,20]. Since
this landmark study, several other large screen-
ing trials in the USA and Europe have reported
similar results, including a study from the Mayo
Clinic [91] and a large Italian Multicenter Polyp
Accordance CTC Study (IMPACT). The Italian
study demonstrated per patient sensitivity of
90.7% for adenomas larger than 10 mm, and
84.2% for adenomas larger than 6 mm. The
prevalence of advanced neoplasia was higher
than in other studies (19% of all lesions 6 mm
or larger), although this was not unexpected as
they evaluated a population of patients at above
average risk of developing colorectal cancer [63,92).
In addition, Graser ez 4l., in a Munich study,
reported sensitivities of 92% for polyps greater
than or equal to 10 mm and 97% for advanced
neoplasia [93]. Several meta-analyses have also
demonstrated CTC’s ability to detect clinically
significant polyps. Halligan and colleagues per-
formed a meta-analysis that included 24 stud-
ies with a total of 2610 patients. Sensitivity and
specificity for 10 mm or larger lesions were 93
and 97%, respectively, which decreased to 86 and
96% for 6-9 mm polyps [94]. Mullhal and col-
leagues evaluated 33 studies, which included data
on 6393 patients. Pooled sensitivity for lesions
measuring 10 mm or larger, 6-9 and 5 mm or
smaller were 85, 70 and 48%, respectively, and
specificities were 97, 93 and 92%, respectively [95].
Alarge clinical outcomes study in 2007 compared
CTC and optical colonography (OC) screening
programs and showed the advantages of using
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CTC. Over 6000 asymptomatic patients under-
went either primary screening CTC or primary
screening OC at the University of Wisconsin,
WI, USA, comparing the relative yield of each
screening approach for the detection of advanced
neoplasia. The number of cases of advanced neo-
plasia identified was similar in both screening
arms (123 with CTC vs 121 with colonoscopy).
However, CTC resulted in fewer total polypec-
tomies overall. An additional seven patients in
the OC group had perforations, whereas there
were none in the CTC group. Results support
the use of CTC as a primary colorectal screening
tool and to select those who would benefit from
therapeutic colonoscopy [96].

Indications

Colon cancer screening beginning at 50 years
of age in asymptomatic average-risk patients has
resulted in a decrease in morbidity and mortality
associated with colorectal cancer [97]. Despite the
potential for prevention, only 42% compliance
is acheived compared with 67-85% for breast
cancer for screening for women over 40 years of
age 201]. In 2008, new joint guidelines were issued
by the American Cancer Society, the US Multi-
Society Task Force and the American College
of Radiology for Colorectal Cancer Screening.
These guidelines included CTC as a valid screen-
ing option for detection of adenomatous polyps
and colorectal cancer in the average risk popu-
lation [98]. A recent multicenter study by Regge
et al. included 937 patients with risk factors
for colorectal cancer who underwent CTC and
found a 85% sensitivity and 88%specificity for
detecting advanced neoplasia 6 mm or larger. CT
could therefore be used as a tool for surveillance

Figure 7. Incidental extracolonic finding.
Supine axial image demonstrates a spiculated
lung mass at the right lung base (arrow).
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of patients at increased risk for colorectal cancer,
although patients would still have to undergo
optical colonoscopy for biopsy or polypec-
tomy [92]. CTC is also indicated for surveillance
of new colorectal polyps following polypectomy
or after prior CTC when a polyp smaller than
1 cm has been identified and is being followed
radiographically. Other important indications for
CTC are in patients who have had incomplete
OC or patients at increased risk for complications
during colonoscopy, including those on antico-
agulation therapy, those with pulmonary disease
and those who are a sedation risk [12.99].

Target polyp size
The size threshold used for referral of patients
for polypectomy determines overall CTC effi-
cacy and affects the economics and cost—effec-
tiveness of CTC. As a primary screening tool,
a major issue for CTC will be the polyp size
threshold chosen to trigger colonoscopy. A small
polyp threshold size of 6 mm will trigger a larger
number of colonoscopies compared with a larger
polyp size of 10 mm or greater. According to
the ACRIN trial, 12% of patients would have
been referred for colonoscopy if threshold was
6 mm, and 4% of patients with lesions 10 mm or
larger 20]. The screening target for the prevention
of colorectal cancer is the advanced adenoma,
defined as an adenoma with a substantial villous
component (>25%), size greater than 10 mm,
or with high-grade dysplasia or early invasive
cancer [100]. While the accuracy of CTC for
large polyps is high, the performance for smaller
6-9 mm polyps is more variable in the range of
50 to 95%. Management of intermediate polyps
(between 6—9 mm) is therefore controversial as
to whether the benefits of polypectomy outweigh
the risk and cost associated with colonoscopy. A
small percentage of 6—9 mm adenomas, however,
will show advanced histology with a range of 2.7
to 5.3% [101,102]. Cost—effectiveness studies may
vary depending on the prevalence of one or two
advanced adenomas in this size range; there-
fore, 3-year CTC surveillance or polypectomy
is recommended (C2 using the C-RADS clas-
sification). Based on existing data for the risk of
future advanced neoplasia in multiple adenomas
on colonoscopy, patients with three or more small
polyps should be referred for polypectomy [103).
While prevalence of diminutive polyps (5 mm
or smaller) is higher than for 6-9 mm polyps,
the prevalence of advanced neoplasia is quite
lower within a screening population [104]. Data
from longitudinal endoscopic and barium studies
reveals slow growth of these colorectal polyps.

Imaging Med. (2011) 3(1)

Few data exist for the performance of CTC in
detecting lesions 5 mm or less, as most large CTC
trials do not report diminutive lesions. Even at
OC, the gastrointestinal experts feel that the cost
and risk of polypectomy and pathologic assess-
ment outweigh the low yield of detecting an
advanced adenoma. Rather, these lesions are more
likely to be hyperplastic polyps, tubular adeno-
mas or pseudolesions and should not be referred
for colonoscopy or polypectomy. Presumably, an
interval of 5 years” surveillance would allow a
polyp to grow to a more relevant size if it truly
has aggressive histology. Furthermore, even if
diminutive polyps are more aggressively man-
aged, the attempted matching with OC can be
difficult (102]. CTC can be used to follow these
small unresected colorectal lesions given its excel-
lent polyp measurement capabilities and good
accuracy and reproducibility for size measure-
ment [10s]. A study with no polyps of 6 mm or
larger is therefore considered a negative study
according to the CT Colonography Reporting
and Data System (CRADS) [106]. Future studies
that define the natural history of 1-9 mm polyps
on CTC should provide more data to support
noninvasive follow-up of small and diminutive
polyps [107). Leaving small polyps in place, and
instead following with serial examinations, is
a departure from current screening paradigms
that have stressed a ‘no polyp left behind’ policy.
Cumulative costs, procedural risks and radiation
exposure issues have to be considered.

Polyps less than 6 mm in size are more likely
to be of benign histology, and therefore aggres-
sive management of these lesions would not be
cost effective.

Safety/complications

The US Preventive Services Task Force and
Medicare have raised concerns about the potential
harm of CTC, including perforation rates, detec-
tion and work-up of extracolonic findings and risk
of radiation-related cancer [51,108,202]. Reported
complications are usually related to the risk asso-
ciated with bowel preparation, similar to that of
optical colonoscopy. Colonic perforation during
CTC typically occurs in patients with known
colonic pathology. Obstructive lesions, hernias,
active inflammatory bowel disease, recent biopsy
or recent polypectomy have all been found to be
associated with perforation [52]. There have been
reports, however, of colonic perforation in patients
without known colonic disease [109.110]. A large
multicenter study of over 21,000 examinations,
including screening and diagnostic examinations,
found the risk of perforation was exceedingly low
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with symptomatic perforation rate of 0.005% and
a significant complication rate of 0.18% [111].
Two patients developed renal failure related to
the bowel preparation and one had chest pain.
Most ‘perforations’ typically occur as asymptom-
atic extraluminal gas that would not have been
detected on colonoscopy [s2]. Since CTC detects
tiny amounts of free air that would otherwise
not be detected by an alternative examination,
the symptomatic perforation rate should be the
relevant rate evaluated, which has ranged from
0.005 to 0.03%. By contrast, colonic perforation
rates range from 0.06 to 0.19% and up to 0.2%
for therapeutic colonoscopy, higher than for CTC
(112]. Some have suggested a wait time of 5 days
to 2 weeks between incomplete colonoscopy and
CTC after deep biopsy or polypectomy owing to
increased risk of perforation due to a small defect
in the colon mucosa from polypectomy [113].

Conclusion

CT colonography has the potential to improve
colon cancer screening compliance and, thus, it
is poised to have a significant impact on the pre-
vention of colorectal cancer. CTC is comparable
with OC when state-of-the-art techniques are
applied. Fluid and fecal tagging has allowed for
easier discrimination of stool from polyps and the
use of CO, allows for reliable distention. The pre-
vious mindset of universal polypectomy for any
polyp is changing due to the low yield of identify-
ing malignancy or premalignancy in diminutive
polyps and costs and complications of unneces-
sary referral to colonoscopy and polypectomy.

The prerequisites for a CTC examination include
a multidetector scanner, postprocessing hardware
and software, training for both radiologists and
staff, and establishment of an ongoing screening
and follow-up program. There needs to be a con-
sensus on reporting of extracolonic findings, with
attention to cost containment. Current CTC
technique uses low radiation dose protocols to
ensure minimal or no risk to patients. Favorable
coverage and reimbursement decisions will allow
more rapid dissemination of CTC as a primary

screening tool.

Future perspective

Full integration of CAD into CTC software and
hardware platforms is already underway. iCAD,
Inc. has recently received FDA approval for its
VeraLook computer-aided detection. Nonlaxative
PET and CTC fusion may be potential areas of
development to aid in polyp and cancer detection.
In addition, there are likely to be further develop-
ments in modalities that do not require radiation,
such as MR colonography, particularly in patients
who require more frequent colon evaluation.
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Executive summary

polyp sensitivity.

= CT colonography (CTC) is comparable with optical colonography when state-of-the-art techniques are applied, including optimal colonic
cleansing preparations. Minimal preparation CTC has the potential to further improve patient compliance.

= Continued attention to lowering radiation dose is mandatory as CTC becomes widely instituted.

= 3D and 2D interpretation techniques and computer-aided design systems should be integrated to optimize accuracy and

= Incidentally, detected extracolonic findings can potentially reduce patient morbidity. A consensus for reporting and working up
extracolonic findings will reduce additional costs.
= CTC is a safe and effective primary screening tool for the detection of polyps and colorectal cancer.
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