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Modern spiral multidetector computed tomography enables isotropic voxel data acqui-
sition and has opened up the way for superb multiplanar reconstruction, resulting in 
exquisite pathologic radiological correlation. CT angiography and CT colonography 
are examples of the clinical applications of this new technology. Both new radiological 
procedures have already secured their specifi c role in everyday radiological practice.

During the previous decade, radiologists made fundamental contributions to the 
study and diagnosis of colon diseases with the introduction of single and double con-
trast barium examinations of the colon. Due to progress in endoscopic techniques both 
classical radiological procedures have rapidly lost their importance.

With CT colonography begins yet a new era for radiology of the colon and offers very 
attractive possibilities for non-invasive detection and diagnosis of colon tumors.

As for many other radiological procedure, meticulous methodology and appropriate 
training in the interpretation of the imaging features are needed in order to obtain opti-
mal results with this new method.

This volume explains in the most comprehensive way all practical details to be 
observed by those starting virtual coloscopy in their practice. These include: patient 
preparation, correct CT scanning parameters and imaging interpretation.

Both editors are pioneers in the fi eld and have long-standing clinical experience with 
virtual coloscopy. In addition, they have been able to secure the collaboration of several 
other internationally recognised experts who have contributed individual chapters.

I congratulate the editors and the contributing authors for this outstanding, well 
researched, well structured and superbly illustrated book.

I am convinced that this volume on a hot clinical topic will be of great interest for 
both radiologists in training and certifi ed radiologists wishing to become familiar with 
virtual coloscopy, as well as for gastroenterologists and abdominal surgeons.

I sincerely hope that this volume will enjoy the same success as so many other vol-
umes previously published in the series: Medical Radiology – Diagnostic Imaging.

Leuven Albert L. Baert

Foreword
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Preface

Virtual colonoscopy or computed tomographic (CT) colonography is a recent radio-
logical technique enabling detection of tumoral lesions in the colon. As in the past two 
decades its radiological predecessor, double-contrast barium enema (DCBE), has lost 
most of its adherents, CT colonography constitutes a real opportunity for gastrointesti-
nal radiologists to play a preponderant role in the diagnosis and treatment of colorectal 
cancer and the adenoma. Since its introduction by David Vining in 1994, CT colonog-
raphy has very rapidly shown its virtues as a possible substitute for DCBE. The fi rst 
important study on CT colonography by Helen Fenlon from the Boston Medical Center, 
published in 1999 in the New England Journal of Medicine, reporting very good lesion 
detection, underscored this aspiration. Since then CT colonography has dramatically 
evolved by the refi nement of existing techniques and the introduction of new ones: faecal 
tagging with the option of reducing the cathartic or laxative part of the preparation, the 
use of carbon dioxide to infl ate the colon, the introduction of multi-detector CT scanners 
producing spectacular images with isotropic resolution and reducing the examination 
time for the patient, the use of ultra-low-dose scan protocols reducing the radiation 
burden, improvement of the image post-processing with fast three-dimensional func-
tions, and computer-aided diagnosis (CAD). These technical improvements help both 
the radiologist and the patient. For the former there is an improvement of the reading 
conditions, possibly improving diagnostic accuracy; for the latter the preparation and 
examination are more comfortable.

Despite these improvements in technique, however, CT colonography has not yet 
been able to break through as an acceptable tool for colorectal cancer screening. This 
is because of the disappointing results in some recent large multi-centre trials. Most 
probably sub-optimal technique in preparation, colonic distension, scanning param-
eters and image post-processing was the main cause of this failure. In fact, each of these 
stages needs rigorous attention if one is to achieve optimal results like those obtained 
in another momentous study, performed by Perry Pickhardt and published in the New 
England Journal of Medicine in 2003. Based upon a meticulous technique of preparation 
with faecal tagging, colonic infl ation, scanning parameters and reading conditions, CT 
colonography obtained better scores than optical colonoscopy in this study. Further-
more, the examinations were interpreted by a team of radiologists experienced in CT 
colonography. This brings us to another important aspect of CT colonography. As was 
the case with DCBE, the degree of experience needed to adequately read and interpret 
CT colonography should not be underestimated.

In experienced hands CT colonography seems to be ripe for prime-time colorectal 
cancer screening. However it is not yet ready for widespread application of screening for 
the aforementioned reasons. CT colonography is now at an important crossroads, and 
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serious efforts should be undertaken to take it to the level of being a widely accepted 
screening method for colorectal cancer. To fulfi l this goal tremendous efforts are being 
undertaken in both Europe and the United States to educate radiologists with work-
shops, data banks and numerous scientifi c publications.

With contributions from several leaders in the fi eld, this book, entirely dedicated to 
this exciting technique, sets out to be a guide for both the beginner and the experienced 
CT colonographer. It provides the reader with a wealth of information on all the prereq-
uisites to perform state-of-the-art CT colonography.

We want to express our sincere gratitude and appreciation to all the renowned radi-
ologists experienced in CT colonography who have contributed to this volume. We also 
thank Professor Albert L. Baert, who gave us the unique opportunity to edit this book 
and to bring it to a successful conclusion.

We hope that the reader will enjoy this work and will fi nd it a help when performing 
CT colonography.

Roeselare, Belgium Philippe Lefere and Stefaan Gryspeerdt
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 CTC: Why We Do It

 Joseph T. Ferrucci Question: Why do we climb Mt. Everest?
  Answer: Because it is there.
              Anonymous

J. T. Ferrucci, MD
Chair Emeritus and Professor of Radiology, Boston University 
School of Medicine, Boston Medical Center, 88 East Newton 
Street, Boston, MA 02118

that the sensitivity of CTC equaled that of conven-
tional colonoscopy for detection of large polyps and 
cancers in a landmark 100 patient Boston Univer-
sity study published in the New England Journal of 
Medicine (Fenlon et al. 1999). As they say, the rest 
is history.

As CTC enters its second decade, it is no longer 
new, but retains many compelling features. Techno-
logically it maintains its sophisticated, innovative 
appeal and still exhibits great potential to evolve 
further. Scientifically, CTC is reframing strategies 
for colorectal cancer screening and now challenges 
the primacy of colonoscopy and the specialty of gas-
troenterology for the diagnosis of colon disorders. 
At the same time, CTC has been a dominant focus 
of research in abdominal and gastrointestinal radi-
ology for several years, stimulating an enormous 
volume of original scientific investigation as well 
as media and industry attention. Impressive clini-
cal results continue to appear from investigators 
throughout the world, including North America, 
Europe, and Australia (Yee et al. 2001; Macari et 
al. 2002; Iannacone et al. 2003; Edwards et al. 
2004). Even more important is the totally non-inva-
sive aspect of CTC (no drugs, no contrast media 
and no injections) which has won the favor of many 
physicians and their patients, especially when com-
pared to optical colonoscopy. In preference studies 
comparing the two tests, patients usually prefer CTC 
despite the unavoidable biases of pre-endoscopy 
sedation (Svensson 2002). It is this patient friendly, 
‘compliance enhancer’ nature of CTC which has 
been able to attract otherwise reluctant patients 
to undergo colorectal cancer screening. A recent 
U.S. hospital think tank reported that some 60% 
of patients having virtual colonoscopy had never 
had any prior form of colorectal cancer screen-
ing (Advisory Board 2004) (Fig. 1). In the United 
States, several HMOs have begun to reimburse for 
colorectal cancer screening using CTC, and wider 
reimbursement coverage is expected in 2006 which 
should lead to rapid wide dissemination into clinical 
practice.

CONTENTS

1 Introduction 1
2 Colorectal Cancer Screening (CRCS): Rationale 2
3 Colon Polyp: Natural History/Target of Screening 2
4 Clinical Results 4
5 Acceptance of CTC 4
6 Conclusion 5
 References 5

1 
Introduction

Computed tomographic colonography (CTC), com-
monly known as Virtual Colonoscopy (VC) has 
recently emerged as a fundamentally new tech-
nique for radiologic imaging of the colon with the 
unique potential for broad application in population 
screening for colorectal cancer. Yet, when framed in 
the philosophic question of “why do we do CTC?”, 
the analogy to Mt. Everest becomes clear. We do CTC 
because the technology exists.

In the early 1990s, the introduction of spiral CT 
scanners, and powerful new computer workstations 
for image processing prompted individual pio-
neers to exploit the new technology at least in part, 
because they could. Coin obtained a United States 
patent for CT reconstruction of the colon (Coin et 
al. 1995), while Vining is credited with the first clini-
cal demonstration of what he termed ‘virtual colo-
noscopy’ (Vining and Gelfand 1994). Hara at the 
Mayo Clinic (Hara et al. 1996) and Royster at Boston 
University (Royster et al. 1997) confirmed clinical 
feasibility for polyp detection. Fenlon then showed 



2 J. T. Ferrucci

2 
Colorectal Cancer Screening (CRCS): 
Rationale

Across the developed world, colorectal cancer is 
the second or third leading cause of cancer deaths. 
While a small percentage (10–20%) of colorectal 
cancers occur in high risk genetically predisposed 
patients, the majority, i.e., ca. 80% of colorectal 
cancers occur sporadically in otherwise low risk 
individuals. In the vast majority of such cases, the 
cancers are believed to arise from pre-existing ade-
nomatous polyp pre-cursors in series of events that 
have a well characterized origin in genetic muta-
tions with a consequent histopathologic sequence 
of degeneration into frank invasive cancer. How-
ever, this process is rather leisurely, requiring some 
10–15 years or more and interruption of this pro-
gression by detection and removal of threatening 
pre-cursor adenomas by endoscopic polypectomy 
results in a decline of cancer related mortality by 
as much as 30%.

Guidelines for colorectal screening in asymp-
tomatic populations have been developed on the 
basis of scientific medical evidence, by professional 
organizations and government agencies throughout 
Europe and North America. Most recommend that 
screening begin in asymptomatic individuals at low 
or average risk at age 50 years and permit several 
different testing strategies. These include annual 
screening with fecal occult blood tests, flexible sig-
moidoscopy every five years, the combination of 
fecal occult blood and flexible sigmoidoscopy every 
five years, double contrast barium enema every five 
years or colonoscopy every ten years. However, none 
of these test strategies is ideal and proponents of the 
various strategies continue to engage in conten-

tious debate. For example, the specific limitations 
of FOBT and flexible sigmoidoscopy have led to the 
concept of the desirability of an anatomic or struc-
tural examination of the whole colon. This has led 
to the emergence of colonoscopy as the de facto gold 
standard for colorectal screening as well as colon 
diagnosis generally. The more focused debate has 
revolved around whether colonoscopy should be 
offered as a universal once in a lifetime test, e.g., 
at age 60 or reserved for selective application when 
results of other preliminary screening tests are posi-
tive. In the latter case, the broader goal of colorectal 
cancer screening becomes the use of less invasive, 
less expensive tests for triage selection of patients 
to undergo therapeutic optical colonoscopy. (Par-
enthetically, the double contrast barium enema is 
rapidly falling out of favor in the U.S. for primary 
colorectal cancer screening.)

Yet, despite wide medical, public health and lay 
media airing as to the importance of colorectal 
cancer screening, the public has remained generally 
reluctant to undergo these tests which are perceived 
as unpleasant and embarrassing such that overall 
compliance with colorectal cancer screening rarely 
exceeds 30–40%. Recently in the specific instance 
of colonoscopy in the United States, compliance 
rate have increased slightly to ca.40–50%, but only 
in selected well insured patient groups. Moreover, 
manpower resources of colonoscopists are strained, 
at least in the United States, with long 6–12 month 
waiting lists for elective appointments. Thus, new 
alternative tests for colorectal cancer screening 
are needed and awaited and, along with fecal DNA 
testing, CTC appears a procedure whose time has 
come.

3 
Colon Polyp: 
Natural History/Target of Screening

The progressive transformation of adenomatous 
polyps to invasive adenocarcinoma has been char-
acterized as “the adenoma carcinoma sequence” 
(Muto 1975). However, because the prevalence 
of undetected cancer in an asymptomatic screen-
ing population is very low at ca.1%, colon polyp 
size is widely accepted as a surrogate end point for 
outcomes assessment in colorectal cancer screen-
ing programs. Thus, the concept of the “advanced 
adenoma” has been developed which is defined as 
an adenomatous polyp measuring 10 mm or greater 

Fig. 1. CTC as a ‘compliance enhancer’. Pie chart from a US 
hospital think tank study showing that among patients having 
virtual colonoscopy 60% had never had any prior colon cancer 
screening

VC patients: prior experience with CRC Screening
Compliance enhancer

The Advisory Board - Washington, DC
June 2004

No
Yes
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or one containing villous or dysplastic components 
at histologic examination (Winawer and Zauber 
2002). However, in the context of CRC screening, the 
actual prevalence of advanced adenomas or at least 
polyps 10 mm or greater is rather low at approxi-
mately 5–10%. By the same token, approximately 
50% of adults age 50 years will harbor some form of 
a polyp at colonoscopy with the prevalence of polyps 
increasing linearly in the 6th and 7th decades there-
after. Thus, as Bartrum has stated, it is “normal to 
have a polyp at age 50 years” (Bartrum 2000).

Herein, the emergence of CTC creates a new 
conundrum for those assessing colorectal cancer 
screening strategies. Because colon polyps are so 
common, while advanced adenomas are relatively 
rare and frank cancers even rarer still, there is a 
sudden new focus of interest in better characterizing 
the natural history of polyps detected by radiologic 
CTC colon screening. When using optical colonos-
copy for screening, every polyp detected is simply 
removed and it is more or less academic to deliberate 
further on their histopathology or malignant poten-
tial. However, many if not most small polyps are 
either not adenomas and are merely hyperplasic or 
non-specific inflammatory response on histology. 
Further, even if they are in fact adenomas, they are 
so small that their potential for malignant degen-
eration will never be expressed in the patient’s life 
(Bond 2001). In studies of colonoscopic screening 
of average risk populations, approximately 60% of 
patients had no evidence of neoplasia while another 
20–25% of patients had only one or two subcenti-
meter polyps (Leiberman et al. 2000; Pickhardt 
et al. 2003). Thus, in terms of colon cancer preven-
tion, the detection and removal of such diminutive 
polyps will convey little or no direct benefit to the 
individual patient in terms of cancer prevention.

Considerations such as the above contain epi-
demiologic and public health policy implications 
as they highlight the distinction in benefits from 
colorectal screening that may apply to a single indi-
vidual patient vs the strategic allocation of resources 
for colon cancer prevention in a population at large. 
In this context, the benefit harms ratio of screen-
ing asymptomatic populations is a critical concern. 
In colon screening, unlike screening for breast or 
lung cancer, the target lesion for detection is merely 
a benign precursor, rather than an actual frank his-
tological malignancy and the intervention becomes 
cancer prevention rather than cancer detection. 
Thus, it is even more critical to obtain a careful bal-
ance of variables such as risk, resource cost and test-
ing interval (Fig. 2).

As suggested in the foregoing, the new issue for 
CRC screening will become the proper manage-
ment of polypoid lesions detected at CTC in terms of 
follow up surveillance or referral to colonoscopy for 
polypectomy. Guidelines currently recommended 
by the Working Group for Virtual Colonscopy (a 
informal federation of VC researchers) is shown 
in Fig. 3. Of note, is the relative unimportance of 
polyps less than 5 mm in diameter and the recom-
mendation that lesions 10 mm or larger be referred 
for polypectomy. Much of the future debate, there-
fore, will be reserved for management of interme-
diate sized polyps 6–9 mm in size. For this group 
of patients, multiple factors (age, co-morbidities) 
will require consideration leading to individualized 
patient decisions.

Fig. 2. Balancing variables in strategies for CRC screening

CRC Screening Strategy: Variables

Polyp Target Size

Cost                                                     Interval

R I S K

RECOMMENDATIONS

Colonoscopy ?

 % of Patients Recomendations

No polyps (c. 40%) NO ACTION 
  (Routine surveillance)

Polyp 5 mm or < (c. 30%) NO ACTION 
  (Routine surveillance)

Polyp 6–9 mm (c. 20%) INDIVIDUALIZE
     pt age, co-morbidities
     ? Multiple polyps esp > 3

Polyp 10 mm or > (c. 10%) COLONOSCOPY

Fig. 3. Recommendations for management of CTC detected 
polyps developed by the Working Group for Virtual Colonos-
copy (WGVC), at the 5th International Symposium for Virtual 
Colonoscopy, Boston Oct 2004
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4 
Clinical Results

CTC researchers have developed several conven-
tions for standardizing result reporting (Fenlon et 
al. 1999; Dachman and Zalis 2004). Results are 
reported on a per polyp as well as a per patient basis. 
Results based on per poly analysis are the most rigor-
ous as they imply direct comparison to colonoscopy. 
Per patient analysis, however, is the more clinically 
relevant parameter in terms of referral of the patient 
for therapeutic optical colonoscopy. Polyp detection 
rates are usually grouped according to size as under 
6 mm in diameter, 6–9 mm and 10 mm or greater. 
Polyp location is given either by anatomical colon 
segment (six or eight segments) or by recording the 
linear colon center line distance from the anal verge 
from workstation software. Polyp measurements are 
usually given as the longest linear dimension either 
by 2D or 3D viewing and there is also an emerg-
ing consensus that some form of a confidence limit 
modifier may be of some clinical merit.

To date, the most important published result 
has been that of a multi-center trial of screening 
in asymptomatic adults from the U.S. Department 
of Defense. (Pickhardt et al. 2003). In that pro-
spective study of 1233 patients, CTC detected 96% 
of polyps 8 mm or greater, was more accurate than 
optical colonoscopy, and found 55 polyps and one 
of 2 cancers missed by optical colonoscopy. CTC 
also gave a negative predictive value of 98% for any 
polyp greater than 10 mm in size, and showed that 
over 50% of patients had no polyps whatsoever pres-
ent in their colon. The excellent results in that study 
were considered to be multi-factorial in nature and 
included the use of primary endoluminal 3D view-
ing, aggressive double dose phosphosoda bowel 
preparation, knowledgeable radiologist readers, and 
the use of a novel segmental unblinding technique 
which produced a new consensus ‘ground truth’ by 
direct virtual and optical colonoscopic correlation. 
As a result of that study, gastroenterologists in the 
U.S. and their national professional organizations 
conceded that CTC was a technique that was likely 
to be of wide value and encouraged its “use” by gas-
troenterologists. However, a subsequent smaller 
study conducted by U.S. gastroenterologists several 
months later gave much poorer results (Cotton et 
al. 2004). However, that study was widely discredited 
by CTC radiologist researchers because of outmoded 
techniques and flawed study execution (Ferrucci et 
al. 2004; Pickhardt 2004; Halligan et al. 2004). 
Nevertheless, some doubt as to the generalizability 

of CTC performance was raised and the issue was 
left open as to whether or not additional studies of 
CTC in screening populations were really required. 
Two such large multi-center trials are underway 
as of this writing, one in the U.S conducted by the 
American College of Radiology Imaging Network 
(ACRIN) and another in the U.K. carried out for 
the National Health Service by the Special Interest 
Group for Gastrointestinal and Abdominal Radi-
ology (SIGGAR). However, the results of these two 
trials are not likely to be widely available before 
2006–2007. In the meantime, rapid further tech-
nical advances in CTC including the use of newer 
16–64 slice multi-row detector scanners, laxative 
free colon cleansing schemes, and computer aided 
detection will become more widespread. Thus even 
these studies now well underway are destined to be 
characterized as outdated by the time their results 
are eventually published.

5 
Acceptance of CTC

Several factors will likely converge in the very near 
future to precipitate wide-spread acceptance of CTC 
for colorectal screening.
• Continued excellent results from single center 

trials will add to existing cumulative data of its 
effi cacy.

• Evidence-based comparisons with existing 
approved screening tests (FOBT, fl exible sigmoid-
oscopy, double contrast barium enema, colonos-
copy) will show that none is perfect and that CTC 
has a suffi cient number of benefi ts and unique 
attractions to make it a legitimate addition.

• Continued deployment of modern CT scanner 
capability will make it apparent to community 
hospitals and private practitioners that there is a 
very low entry cost to introduce this new imaging 
product and hospital administrators will persuade 
radiologists, referring clinicians and gastroenter-
ologists to adopt the procedure.

• Radiology professional organizations will develop 
and promulgate appropriate practice standards, 
guidelines, reporting schema, training curricula 
and accreditation programs to insure that the 
technique and the reading radiologists have cred-
ibility with the public and insurance carriers, as 
well as other physicians and governmental policy 
makers. The precedent of mammography in the 
U.S. where quality standards have been developed 
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by the American College of Radiology has been 
invaluable to the public and radiologists alike. 
Similar programs are necessary and in fact inevi-
table for CTC.

• Gastroenterologists performing colonoscopy will 
increasingly understand that CTC is not so much 
a competitive threat, as it is in fact a case multi-
plier in that it will detect and deliver patients to 
them with truly actionable large polyps for ben-
efi cial polypectomy.

• Practical models for integration of virtual and 
optical colonoscopy into practice will evolve, 
especially those involving single day one stop 
shopping cross referral between radiologists and 
colonoscopists for positive fi ndings at CTC and by 
the same token for failed colonoscopies allowing 
an immediate follow-up same day virtual exam 
with only a single colon prep.

6 
Conclusion

It can be predicted that final certifying examina-
tions for young radiologists completing residency 
training will soon contain examples of CTC studies. 
This is especially likely in as much as the current 
generation of trainees is no longer able to perform 
an adequate number of barium enemas to become 
proficient. Even though most diagnostic radi-
ologists already consider themselves significantly 
overworked, it is now inevitable that CTC will be 
incorporated into daily radiologic practice in the 
very near future. Also predictable is that the clini-
cal techniques for performing CTC will evolve even 
further with acquisitions faster, computer aided 
detection ubiquitous, small polyps ignored and rec-
ommendations for further management conveyed 
in a structured and illustrated computer generated 
report. Indeed, in leading academic CT research 
departments, the future is already here.
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ability and ease of access to this technology is cru-
cial for any CT colonography service to allow rapid 
acquisition, processing and reading of CT colonog-
raphy datasets.

Technologically, there are three basic components 
to a CT colonography examination: 1) multislice CT 
hardware for image acquisition, 2) software and 
associated platforms for post processing and read-
ing of data sets and 3) adequate transfer networks 
between the hardware and software components 
with appropriate image data storage facilities.

While techniques for image post processing and 
rendering have a major impact on how the final 
image is viewed, the spatial quality of the dataset 
will fundamentally be determined by the initial CT 
acquisition parameters. Although much of the early 
work on CT colonography was performed on single 
row helical scanners (Fenlon et al. 1999), multide-
tector CT (MDCT) is now the accepted standard for 
current CT colonography research protocols and for 
performing clinical examinations in everyday prac-
tice. MDCT allows acquisition of a single breath-
hold thin section CT examination of the entire colon 
in relatively short scan times. A typical acquisition 
takes 12–15 s using a 16-slice MDCT with a decrease 
in both respiratory artefacts and improved colonic 
distension compared with single slice acquisition 
(Hara et al. 2001). Image artefacts and misregistra-
tion secondary to motion and breathing at single 
slice CT scanning have been shown to increase both 
diagnostic errors and evaluation times (Fletcher 
et al. 1999). These artefacts are virtually eliminated 
using MDCT acquisition. Any department purchas-
ing a new CT scanner to include an expansion of 
their service to include CT colonography should 
choose an MDCT.

Once the CT data is acquired, images should be 
reconstructed according to a standard protocol and 
automatically transferred to a reading worksta-
tion for review. There are numerous options avail-
able with regard to CT colonography workstations. 
Appropriate software is available from both the lead-
ing CT manufacturers and specific CT colonography 
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1.1 
Introduction

CT colonography (Virtual Colonoscopy) has rapidly 
evolved since its initial description just over a decade 
ago. It has gradually moved from being a research 
tool that was largely confined to academic teaching 
hospitals to a clinical test that is now widely avail-
able in many community-based hospitals. With its 
potential to become a credible tool for colon cancer 
screening many radiologists are interested in estab-
lishing CT colonography in their departments, phy-
sicians are requesting the test more frequently and, 
increasingly, patients are demanding it. The fol-
lowing chapter examines the essential components, 
minimum requirements and potential hurdles in 
establishing an effective CT colonography service 
in a busy diagnostic radiology department.

1.1.1 
Technical Requirements

Progress made in the clinical implementation of CT 
colonography would not have been possible with-
out significant advances that have been made in CT 
imaging technology over the past 10 years. Avail-
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software vendors. Such workstations allow datasets 
to be read in a variety of formats, most commonly 
2D images with multiplanar reconstructions (MPR) 
and 3D endoluminal views for problem solving. 
Furthermore, software programmes are now capa-
ble of generating automated 3D reconstructions of 
the colonic mucosa from the acquired datasets with 
an average time for reconstruction in the order of 
5–8 min for a complete 3D fly-through. The relative 
merits of each method will be discussed in a subse-
quent chapter.

Consideration must also be given as to how CTC 
datasets will be archived and how datasets may be 
retrieved to facilitate comparison with previous CT 
colonography studies. The volume of data generated 
for each CT colonography examination precludes 
hardcopy printing of all acquired images. Using a 
16-slice MDCT with 3-mm slice acquisition and 
1.5- mm slice overlap, a standard study with 40 cm 
of Z-axis coverage in both supine and prone posi-
tions will typically comprise over 600 slices. At the 
standard 512 512 bits of resolution each study will 
require over 500 MB of memory for storage. A single 
patient’s examination, therefore, will occupy almost 
an entire conventional compact disc (CD) which 
has a memory capacity of 700 MB. An alternative 
to CD for archiving is DVD. While relatively inex-
pensive, use of DVD requires purchase of a DVD 
reader as most commercially available workstations 
come with only an integrated CD reader. The actual 
hard drive memory capacities of workstations vary 
(14,000 MB in our department) which if used for CT 
colonography alone can accommodate only 20 cases. 
In reality, these workstations are also used for 3D 
reconstruction of other studies including vascular 
and orthopaedic examinations, resulting in a real 
need for external storage.

Without an integrated PACS system effective high 
volume CT colonography that allows rapid image 
retrieval and comparison with previous studies is 
extremely difficult. Many issues relating to memory 
storage and networking infrastructure are simply 
resolved with the implementation of PACS. PACS 
offers numerous potential advantages including the 
viewing of studies in remote locations, a decrease in 
the number of lost datasets, and the large capacity 
image storage. Its greatest advantage is that it facili-
tates the rapid retrieval of previous studies which is 
a significant advantage in the setting of a screening 
program. Until recent years many CT workstations 
did not have a PACS compatible interface. Further-
more many radiology departments do not yet have 
PACS. When choosing a workstation for CT colonog-

raphy interpretation, careful consideration should 
be given to its PACS compatibility.

The network interface between the CT worksta-
tion and reading workstations must be seamless, 
transfer of datasets must be fast and automatic, and 
datasets must be available for reading without any 
loss of diagnostic information. Transferring data-
sets of this size places a considerable demand on 
any network whether it involves transmission from 
CT workstations to reading workstations or from 
the primary reading stations to remote reader loca-
tions. The connecting network cable must be at least 
a category 5 UTP connection with switches produc-
ing speeds up to 100 Mb/s. Speed of transfer will be 
compromised if the network is of insufficient size 
and if high volumes of data are being transferred 
simultaneously.

1.1.2 
CT Colonography Protocols

Specific CT colonography protocols should be estab-
lished at a local level and should be based on the 
currently available published evidence. Protocols 
should address the method of bowel preparation 
(clean colon vs fluid or faecal tagging), use or not 
of intravenous contrast, use or not of spasmolytics, 
method of colon distension, scanning parameters, 
and methods of interpretation. The specifics of 
many of these options are discussed in subsequent 
chapters.

The basic equipment required for the CT colonog-
raphy examination is little more than a red rubber 
catheter with a hand held insufflation bulb similar 
to that used for barium enema examinations. There 
are a variety of rectal catheters available of vary-
ing size, typically 5–15 mm in diameter. Although 
we routinely use a balloon-tipped enema catheter, 
many researchers now avoid balloon insufflation. 
Traditionally room air has been the gas of choice 
for colonic insufflation at CT colonography due to 
its availability and lack of additional expense. How-
ever, there is a growing body of evidence advocating 
the use of carbon dioxide (CO2) which is associated 
with less abdominal cramps and is more rapidly rea-
bsorbed (Yee and Galindo 2002). CO2 is supplied 
from a refillable cylinder via a disposable adminis-
tration set which allows constant gas pressure influx 
with the facility to record both gas pressures and the 
volume of CO2 administered.

In our practice, the radiologist is responsible for 
the practicalities of rectal tube insertion and subse-
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quent colonic insufflation. Depending on departmen-
tal time constraints, radiology staffing and volume 
of CT colonography examinations, consideration 
may be given to training a dedicated CT colonogra-
phy technician or nurse and this has been success-
fully established in some institutions. Furthermore, 
some centres allow patients to ‘self-inflate’ in order to 
improve patient acceptance of the technique.

Much research has been published from both in 
vivo and phantom studies on the effect of different 
scan parameters (particularly slice collimation, pitch 
and mAs) on the quality of CT colonography studies, 
the associated artefacts and patient radiation doses. 
As with any radiologic study there will be a trade 
off between image quality (the diagnostic value of 
the study) and radiation dose. Typical parameters 
for CT colonography will be specifically discussed 
in a later chapter. In establishing a CT colonography 
service it is important to agree on a standard scan 
protocol so that patients are imaged and the data set 
acquired in a consistent and reproducible manner. 
This creates a uniformity among studies, which 
facilitates interpretation and comparison with pre-
vious studies. Published literature advocates that all 
patients be scanned in both supine and prone posi-
tions as dual positioning allows redistribution of air, 
stool and fluid and is associated with an increased 
sensitivity for polyp detection. In one particular 
study, the reported sensitivity of CT colonography 
for detection of polyps greater than 10 mm in size 
was 92.7% for dual positioning compared with 58.5 
and 51% for supine and prone scanning alone (Yee 
et al. 2003).

1.1.3 
Reading and Training

After image acquisition and transfer of datasets, 
studies should be read and reported in a timely fash-
ion. The following discussion will address aspects of 
image interpretation including who should read the 
datasets, how much training is required, how many 
readers are required and when and where studies 
should be read.

The primary aim of CT colonography is accu-
rate identification of significant colorectal polyps 
and cancers in a minimally invasive manner. For 
CT colonography to be a safe, accurate and attrac-
tive alternative to colonoscopy, radiologists read-
ing these studies must confidently recognise polyps 
and cancers, identify pitfalls and therefore reduce 
the number of false positive findings, and report 

significant extracolonic findings in a consistent 
and reliable manner. It is increasingly clear that 
to achieve this, radiologists must have specific CT 
colonography training. The effect of training and 
experience on reader performance has been the sub-
ject of a number of studies to date and has been a 
topic of intense discussion at many scientific meet-
ings including the annual International Symposia 
on Virtual Colonoscopy in Boston. Training and 
its relationship to an individual’s ability to report 
accurately CT colonography studies is a complex 
issue and is currently the subject of investigation 
of an ESGAR-funded research study. It appears that 
radiologists with a specific interest in CT colonog-
raphy who have read many hundreds of cases per-
form better than abdominal radiologists who have 
been trained on 50 cases alone, who, in turn, per-
form better than those with little or no specific CT 
colonography training. This is as one might expect – 
however what is not clear is just how steep the learn-
ing curve is and when, or if, one reaches a plateau in 
reader performance.

Current recommendations are that radiologists 
should be specifically trained in a supervised manner 
on cases that have either endoscopic verification or 
have been read by an ‘expert’ reader. The datasets 
should include an appropriate mix of normal stud-
ies, cancers of various morphology, polyps (pedun-
culated and flat), and extracolonic findings as well 
as studies limited by underdistension and poor 
bowel preparation. Emphasis should also be placed 
on familiarity with CT colonography software appli-
cations and recognition of the various pathologies in 
both 2D and 3D formats. While supervised training 
on 50 proven cases has been regarded as a minimum 
initial requirement, it would be wrong to assume 
that this is adequate for every radiologist or that it 
provides a level of ‘expertise’ as performance clearly 
improves with increasing experience.

Differences in reader experience has been identi-
fied as one of the factors contributing to the wide 
range of reported accuracies of CT colonography. In 
recent studies the reported sensitivities for detection 
of polyps >1 cm varied from 52 to 92% (Johnson 
et al. 2003a; Cotton et al. 2004; Pickhardt et al. 
2003). Although there were some differences in the 
study populations and the methods used for bowel 
preparation, image acquisition, and interpretation, 
it is widely believed that differences in performance 
were due, at least in part, to variability in reader 
experience. Adequate and widespread access to 
reader training will be required before acceptance 
of CT colonography as a screening tool.
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Clearly, if a radiology department is to offer a CT 
colonography service, at least one ‘experienced’ radi-
ologist will be required to read studies, and likely 
more depending on workload. Experience as a gen-
eral radiologist does not automatically qualify one to 
reading datasets as even the most experienced radi-
ologists can miss large lesions on CT colonography 
(Halligan et al. 2004). Experience as an abdominal 
radiologist confers some advantage compared with 
a general radiologist but it by no means qualifies as 
adequate training.

Further evidence that reader experience impacts 
on the diagnostic performance of CT colonography 
comes from the ACRIN 1 trial (American college of 
Radiology Imaging Network). This study examined 
the ability of radiologists of various experience to 
detect clinically important neoplasia (lesions >1 cm). 
The results suggest that readers could achieve high 
accuracies only with extensive experience (Johnson 
et al. 2003b). Reader inexperience not only impacted 
on the ability of the reader to detect polyps but also 
increased inter- and intraobserver errors with regard 
to polyp size measurement. In another study Belloni 
et al. examined the performance of novice readers 
after every 25 patients for almost 100 CT colonog-
raphy examinations. They found that the sensitivity 
achieved by readers for polyps of all sizes increased 
from 32% after the first 25 cases to 92% for the final 
25 cases (Spinzi et al. 2001). Although controversy 
remains as to what qualifies as ‘adequate experi-
ence’ a minimum of 40–50 proven datasets was pro-
posed based on a questionnaire sent to 18 interna-
tional experts and presented by Dr J.A. Soto at the 
RSNA in 2004.

Even with suitable training errors of judgment will 
continue to be made by even the most experienced of 
radiologists. Potential ‘pitfalls’ leading to both false 
positive and negative results must be highlighted. 
These pitfalls typically relate to retained stool, com-
plex fold and polyp morphology, and the relation-
ship of polyps to folds and flexures. A number of 
publications have addressed these pitfalls (Fenlon 
2002; Macari and Megibow 2001; Gleucker et al. 
2004), and training courses should include exam-
ples. Training courses should also include formal 
lectures on image acquisition parameters, non-
interpretive matters and a review of the data sup-
porting virtual colongraphy for screening.

Training courses are available that meet these 
criteria in many centres in both North America 
and Europe. These courses are typically held over a 
two-day period. Although there is currently no obli-
gation on radiologists to receive specific training 

prior to reporting CT colonography studies it may 
become mandatory in the future if screening with 
CT colonography becomes a reality. Ferrucci has 
compared such a colonic screening program with 
the template that already exists for mammographic 
screening (Ferruci 2000). He correctly predicts 
that in the setting of a colon screening program 
there will be a demand by certain third parties such 
as insurance companies or the American college of 
Radiologists that radiologists reporting CT colonog-
raphy studies reach certain levels of competence and 
maintain those standards. The impact of such a step 
is to be welcomed as it would establish pre-requi-
sites that every reporting radiologist should meet in 
terms of their training and level of experience.

In our practice and most others, radiologists per-
form the study and interpret the scans. However, 
some believe that CT colonography studies could 
be performed and read by trained radiographers in 
the same way as barium enema examinations are 
provided in some institutions. The data supporting 
the use of non-radiologists is limited – at the 5th 
International Symposium on Virtual Colonoscopy 
in Boston 2004 results were presented from a mul-
ticentre trial, suggesting that there is no significant 
difference in reader performance or the time taken 
to read studies between radiology trainees and radi-
ographic technicians. However in a recent consen-
sus on training from 18 leading radiologists in the 
field of CT colonography, 78% of those questioned 
felt that radiologists alone should report datasets 
and, currently, it is the view held by ourselves.

1.2 
Reading Conditions

Reading conditions also impact on reader perform-
ance. CT colonography studies should ideally be 
batch-read in a quiet environment with each batch 
consisting of no more than five or six cases. This 
helps to reduce the impact of reader fatigue which 
adversely effects reader concentration and perform-
ance in terms of polyp detection. Although an expe-
rienced radiologist may take as little as 5 min to read 
a study in 2D format, interpretation requires a high 
level of concentration to maintain ones focus on the 
lumen while scrolling back and forth through the 
colon. In the setting of a busy department with many 
conflicting demands on radiologists, CT colonogra-
phy readers should be careful to avoid the impulse 
to read rapidly studies or the latter stages of studies 
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as this may result in a significant decrease in polyp 
detection rates (Taylor et al. 2004). The time allo-
cated to reading these studies should be protected in 
a manner similar to the reading of screening mam-
mograms.

Using the mammography analogy, it is likely that 
the sensitivity for polyp detection increases when 
studies are double read compared with single read 
examinations. A second reader does not necessar-
ily have to be a trained radiologist – this role could 
potentially be filled by computer aided detection 
(CAD). CAD is an automated computer software 
mechanism used to highlight abnormalities within 
a colon that may be missed by the radiologist. CAD 
could act as the first reader with a trained radiolo-
gist acting as the second. The benefits of CAD have 
been shown in other radiological applications such 
as mammography and lung nodule detection. There 
is considerable interest among academic radiolo-
gists and commercial companies in this tool and, 
although not yet fully FDA approved or verified in 
multicentre trials, CAD is a rapidly developing tool 
that may become standard in CT colonography read-
ing in the future.

A standard report format should also be agreed 
upon at a local level. If used by all reporting radiolo-
gists a standard printed report would help improve 
communication with the referring clinician or 
patient and help direct appropriate patient follow-
up and management. Such a report would stratify 
patients into specified groups depending on the CT 
colonography findings. The factors which decide 
group designation would include polyp size, mor-
phology, location and attenuation. A system has 
been proposed similar to the B-RADS system used 
in mammography that is called C-RADS. Patients 
would be classified into groups C1 to C5 and the 
report would also include an E1 to E5 categorisa-
tion based on the presence or absence of significant 
extracolonic findings. Development of such a system 
is currently underway and is based on the coordi-
nated efforts of the American College of Radiology 
and the Working Group on Virtual Colonoscopy.

The successful implementation of any new prac-
tice requires that there be adequate and proper uti-
lization of that resource that justifies the expense 
of providing the equipment, training the staff, 
performing the studies and reading the datasets. 
This requires close collaboration and communica-
tion between radiologists and many different staff, 
including radiographers, secretarial and nursing 
staff in radiology, primary care physicians, endos-
copy staff and gastroenterologists. The success 

of any CT colonography service is close liaison 
between the radiology and gastroenterology depart-
ments. A good working relationship between the 
two groups allows free exchange of information and 
ideas, promotes patient referrals and, most impor-
tantly of all, provides a clear mechanism for follow-
up of any abnormal cases. It is up to the radiologist 
to promote the technique within their hospital by 
meeting local physician groups, particularly the 
gastroenterologists, and explaining the advantages 
and disadvantages, indications and contraindica-
tions of this new procedure. Easy same-day access 
to CT colonography following failed colonoscopy is 
appealing to both patients and gastroenterologists 
and is an effective way of introducing and promot-
ing this technique at a local level. Gastroenterolo-
gists as a group are only too aware of the potential 
significance of CT colonography as a screening tool 
for colon cancer and its implications for both their 
future practice and ours. It is vital that we gain their 
confidence from the outset and that we are suf-
ficiently familiar with current literature on colon 
cancer screening and CT colongraphy to address 
any issues or questions that may arise.

1.2.1 
Patient Information, Referral and Follow-Up

For patients and the population in general, par-
ticularly those considering a screening test, easy 
access to information regarding the procedure and 
clear communication with the providers are also 
important. There should exist within a department a 
means by which patients can be informed of the pro-
cedure, the necessary preparation, potential risks 
and complications, implications of a normal and 
abnormal result and what mechanism for follow-
up exists. The most practical way of achieving this 
would be through printed literature on the test and 
access to a liaison staff member such as a nurse or 
radiographer who has been specifically trained.

We agree with Mark. E. Klein, Washington 
Radiology Associates who recently spoke at the 
5th International Virtual Colonoscopy Conference 
that a department introducing a CT colonography 
service would be well advised to perform a ‘mini 
study’ on the first 40 patients with conventional 
colonoscopy correlation in each case. This gives 
the radiologist a valuable opportunity to become 
familiar with all aspects of the technique and to 
address organisational issues including the proc-
ess of patient referrals, timing of appointments, 
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the staffing and infrastructure required, optimal 
bowel preparation and distension, to become famil-
iar with the reading software and issues related 
to interpretation and to consider mechanism for 
follow-up when required.

1.2.2 
Cost and Financial Implications

The economic implications of setting up a CT colonog-
raphy service must also be considered. Each depart-
ment must consider whether or not it is financially 
viable for them to provide this service. Estimates sug-
gest that, when all factors are considered, the real 
cost of providing a CT colonography examination 
is in the order of 250 Euro. Balanced against this 
is the ongoing difficulty with reimbursement, which 
varies widely from country to country and even from 
state to state in North America. Apart from a handful 
of health care providers there is currently no reim-
bursement for screening CT colonography and lim-
ited and inconsistent reimbursement when the test is 
performed in symptomatic patients. Although many 
patients are willing to pay for CT colonography this is 
clearly not sustainable nor appropriate. Radiologists 
must be able to address and discuss these issues with 
their local health insurance companies to ensure that 
the interests of their patients are protected and that 
they are appropriately reimbursed for capital costs 
and their professional time.

1.3 
Quality Assurance

Establishing a CT colonography service requires a 
major investment in time, cost and personal com-
mitment. However maintaining a quality service and 
insuring high quality clinical standards is equally 
important, particularly when considering screen-
ing populations. This will involve setting standards, 
measuring competence, continuous medical educa-
tion, clinical audit and quality control. Appropri-
ate audit and quality control will assess the various 
systems involved in a CT colonography service from 
the time an appointment is made right through to 
patient follow-up so that potential deficiencies can 
be identified and appropriate changes implemented 
as required.
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insufflated colon (Vining et al. 1994). Early work in 
CT colonography involved patient populations with 
an increased risk of colon cancer with the goal of 
detecting colorectal cancer. Also, early studies were 
performed with single detector CT scanners with 
thick collimated slices and were primarily read in 
the 2D axial plane. We have advanced significantly 
from the days of single detector scanners with 4, 8, 
16, and 64 multidetector-row scanners now avail-
able. Total volume imaging in a single breath-hold, 
as a result of multidetector-row scanning, has been 
shown to improve accuracy of polyp detection by 
decreasing breathing artifacts (Gryspeerdt et al. 
2004). Also, due to significant software improve-
ments, post-processing reformations are currently 
reconstructed in any plane in a manner of seconds 
(Bruzzi et al. 2001) and continued advancement in 
3-D software development has made virtual endo-
scopic flythrough of the colon feasible (Siemens 
2002).

The practical execution of CT colonography is 
still somewhat variable: patient bowel preparation, 
method of insufflating the colon, scanning acqui-
sition parameters and post-processing software 
vary. Methods of interpretation also vary with some 
proponents advocating a primary 3D read with 2D 
images for problem solving versus a primary 2D read 
with 3D flythrough for problem solving (Dachman 
et al. 1998). No technique has yet been proven to be 
superior to any other consistently and differences 
are seen regionally. Overall, however, the CT colo-
nography literature has shown consistent improve-
ment in the sensitivity and specificity of polyp and 
colorectal cancer detection as the technology has 
improved.

CT colonography as a screening tool for colon 
cancer continues to improve and a credible alter-
nate and non-invasive tool to evaluate the colon 
now exists. Initial studies in the mid- to late 1990s 
demonstrated sensitivities of polyp detection rang-
ing from 50 to 90% for polyps larger than 1 cm with 
specificities ranging from 70 to 90% (Van Dam 
et al. 2004). As the technology and application of 

CONTENTS

2.1 History 13
2.2 Indications 14
2.2.1 Screening CT Colonography 14
2.2.2 Diagnostic CT Colonography 16
2.2.3 Pre-operative Assessment 18
2.2.4 Post-operative Colorectal Cancer Surveillance 18
2.2.5 Incomplete Conventional Colonoscopy 18
2.2.6 Inflammatory Bowel Disease Surveillance 19
2.3 Contraindications 19
2.3.1 Absolute Contraindications 20
2.3.2 Relative Contraindications 20
2.4 Current Reimbursable Indications 21
2.5 Future Indications 21
2.6 Summary 21
 References 21

2.1 
History

The development of computed tomography (CT) 
independently by both Godfrey N Hounsfield and 
Allan M Cormack in 1972 has forever changed the 
practice of medicine in the detection, surveillance 
and treatment of disease. In the past three decades, 
we have seen an explosion in technological inno-
vation, particularly in the field of CT. As CT has 
become more sophisticated, so has the radiologist 
in the detection and diagnosis of disease.

In 1994, Vining and Gelfand introduced computed 
tomographic colonography (CTC), also referred to 
as virtual colonoscopy (VC), as a tool to evaluate the 
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CTC developed over time, the detection of colon 
cancer and polyps, even those smaller than 10 mm, 
improved (Yee et al. 2001). In certain patient pop-
ulations, CTC may in fact be the examination of 
choice for evaluating the colon, compared to avail-
able current alternatives, such as double-contrast 
barium enema (DCBE), flexible sigmoidoscopy and 
conventional colonoscopy. Studies have proven that 
CTC is better at detecting colon cancers and polyps 
compared to DCBE, and arguably is as good as con-
ventional colonoscopy for the same purposes. CT 
colonography has yet to be adopted and integrated 
into the screening algorithm.

This chapter explores the current indications 
and contraindications of CTC, and provides recom-
mendations regarding which patients are eligible 
to undergo CTC. Current reimbursable indications 
in the US by major third party payers are briefly 
described. Lastly, the current technologies under 
development with possible future indications are 
discussed.

2.2 
Indications

The indications for CTC closely follow the indica-
tions for conventional optical colonoscopy with few 
exceptions. These indications include screening 
asymptomatic high- and average-risk patient popu-
lations, pre-operative assessment of the colon proxi-
mal to an obstructing mass, evaluation of patients 
with change in bowel habits, surveillance of patients 
post colorectal cancer surgery, and incomplete or 
failed colonoscopy. Patients with bleeding diathesis, 
contraindications to sedation, and frail and elderly 
patients may also be better suited for CTC than con-
ventional colonoscopy.

2.2.1 
Screening CT Colonography

In the United States, 1 in 17 people will develop 
colorectal cancer. According to reports from the 
National Cancer Institute, colorectal cancer is the 
third most common cancer in US men and women. 
The overall incidence of colorectal cancer increased 
until 1985 and then began decreasing at an aver-
age rate of 1.6% per year. Approximately 75% of all 
colorectal cancers occur among persons of average 

risk, i.e., those without predisposing conditions, 

such as inflammatory bowel disease, familial adeno-
matous polyposis, hereditary nonpolyposis colorec-
tal cancer, or a first degree relative with a history of 
colorectal adenoma or colorectal cancer (Winawer 
et al. 1991; Ahsan et al. 1998). The age range for 
development of colon cancer is late 40s to 70s in aver-
age-risk patients. The high-risk patient population 
accounts for approximately 25% of the colorectal 
cancer incidence in the United States. Deaths from 
colorectal cancer rank third after lung and prostate 
cancer in men and third after lung and breast cancer 
in women.

The proposed natural history of colon cancer in 
the average-risk patient, as described in the National 
Polyp Study in 1990, confirmed the expected devel-
opmental course of colorectal cancer beginning with 
an adenomatous polyp, progressing to high-grade 
dysplasia, and then, frank carcinoma. However, 
the majority of polyps resected less than 10 mm in 
size represent hyperplastic polyps and other benign 
findings. Therefore, the goal of polypectomy should 
be adenoma resection. Research suggests that there 
is about a five-year development interval between 
the stages of adenomatous polyp and adenoma with 
high-grade dysplasia, and another five-year interval 
to develop frank cancer (O’brien et al. 1990). The 
majority of adenomas that will develop into cancer 
are polypoid or villous in shape (Fig. 2.1). A small pro-
portion of adenomas are so called flat or depressed 
and have been shown to be difficult to identify on 
conventional colonoscopy and other colonic imag-
ing modalities. Positive predictive characteristics of 
an adenoma with increased propensity to develop 
into cancer are its size and total number of adeno-
mas. Polyps greater than 10 mm in diameter and 
more that three in number, regardless of their size, 
have been reported as risk factors for transformation 
into colorectal cancer through the “adenoma-carci-
noma sequence”, as described above. Despite prior 
reports, flat or depressed adenomas do not have an 
increased risk of developing cancer when compared 
to the polypoid or villous configurations (Winawer 
and Zauber 2002). Overall, the literature suggests 
that the risk of an adenoma, 5 mm or less in great-
est dimension, to develop into cancer is significantly 
low, approximating 0.9% (O’brien et al. 1990).

The goal of colorectal cancer screening is to 
reduce the morbidity and mortality of colon cancer 
by early detection and resection of adenomas and 
cancer (Frazier et al. 2000). The screening guide-
lines from the National Cancer Institute, and adopted 
by the American Gastroenterological Association, 
currently call for screening of the average-risk 
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asymptomatic patient with an annual digital rectal 
examination, annual fecal occult blood testing, and 
flexible sigmoidoscopy every 5 years beginning at 
age 50. In addition, double contrast barium enema is 
recommended every 5 years or optical colonoscopy 
every 10 years beginning at age 50 (Anderson et al. 
2002; Winawer et al. 1997). Patients classified as 
high-risk for developing colorectal cancer undergo 
screening at a much younger age, as specified by 
their personal risk factors.

Albeit imperfect with a documented adenoma 
miss rate ranging from 6 to 27% (depending on 
the size of the lesion), conventional colonoscopy is 
still the gold standard for colon cancer screening 
(Rex et al. 1997). Cancers have also been missed by 
conventional colonoscopy. A study performed in 
Canada reported a cancer miss rate of 4% in can-
cers originating in the right colon (Bressler et al. 
2004). Several reasons exist why cancers are missed 
on conventional colonoscopy: poor bowel prep, slip-
page of the endoscope around flexures, redundant 

colon, misinterpretation of findings and failure to 
biopsy (Leaper et al. 2004). A false negative conven-
tional colonoscopy may have serious implications, 
as patients may not have another colon screening 
test for a decade.

Conventional colonoscopy is also not without risk 
to the patient and significant morbidity and mortal-
ity has been reported (Garbay et al. 1996). The most 
common adverse outcome associated with conven-
tional colonoscopy includes hemorrhage and perfo-
ration. The rate of perforation of the colon ranges 
from 0.2 to 0.4% after diagnostic colonoscopy, 
increases with polypectomy, and approximates 5% 
with hydrostatic balloon dilatation of colonic stric-
tures (Zubarik et al. 1999).

A landmark multicenter study published by 
Pickhardt et al. compared CT colonography and 
conventional colonoscopy in asymptomatic aver-
age-risk patient population. As a screening study, 
comparable adenoma and colorectal cancer detec-
tion rates were reported (Pickhardt et al. 2003). In 

Fig. 2.1a–c. Colonic adenoma: a axial CT image demonstrates 
a soft tissue polypoid lesion located off of the anterior aspect 
of the ascending colon. CT images (lung window settings) 
show a discrete polypoid lesion in the ascending colon identi-
fi ed on the reformatted coronal and sagittal images; b refor-
matted coronal image; c reformatted sagittal image

a b

c
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fact, the sensitivity and specificity per patient and 
per polyp were similar and not statistically differ-
ent between CTC and conventional colonoscopy for 
adenomas greater than 10 mm. The sensitivity of 
CTC for adenomatous polyps was 93.8% for polyps 
at least 10 mm in diameter, 93.9% for polyps at least 
8 mm in diameter, and 88.7% for polyps at least 
6 mm in diameter. The sensitivity of conventional 
colonoscopy for adenomatous polyps was 87.5, 91.5, 
and 92.3% for the three sizes of polyps, respectively. 
The specificity of CTC for adenomatous polyps was 
96.0% for polyps at least 10 mm in diameter, 92.2% 
for polyps at least 8 mm in diameter, and 79.6% for 
polyps at least 6 mm in diameter (Pickhardt et al. 
2003).

Detection rates for polyps less than or equal to 
5 mm in size are lower and the debate over the sig-
nificance of these smaller lesions continues. Again, 
the aim of colorectal cancer screening is to detect 
cancer and adenomas. With respect to adenomas, 
the term “advanced adenoma” has been used to 
describe clinically significant adenomas that have 
the greatest likelihood to develop into cancer. Cur-
rent understanding is that adenomas larger or equal 
to 10 mm reside in this category and should undergo 
resection. Polyps ranging in size from 5 mm to 9 mm 
should undergo short-term interval follow-up (van 
Dam et al. 2004).

The most recent guidelines presented at the 5th 
Annual International Symposium on Virtual Colo-
noscopy in Boston, MA for reporting CTC findings 
are the following: mass lesion, direct referral to sur-
gery; single or multiple polyps ≥10 mm, direct refer-
ral for colonoscopy and polypectomy; single polyp 
<10 mm but greater than or equal to 6 mm, three 
year follow up; ≥3 polyps, each 6 mm -9 mm, refer-
ral to colonoscopy and polypectomy; polyps ≤5 mm, 
seven year follow up study (Zalis 2004).

CT colonography as a screening tool has the 
potential to have wider public acceptance compared 
to conventional colonoscopy. Acceptance of a screen-
ing study by a population is multi-factorial. Many 
physical and psychological barriers to colorectal 
cancer screening have been described. Surveys have 
reported patients’ reluctance to undergo colorectal 
cancer screening because of time commitment for 
the conventional colonoscopy, use of colon cathar-
tics, sedation requirements, prior painful experi-
ence and even embarrassment (Rozen and Pignone 
2003). CT colonography is relatively fast without 
the need for sedation or a driver post procedure. 
Patients have described the post procedure discom-
fort less for CTC than conventional colonoscopy. 

Several studies have shown that patients’ acceptance 
of CTC is greater than conventional colonoscopy or 
double contrast barium enema (Taylor et al. 2003). 
Development of minimal bowel prep or prep-less 
CTC through fecal tagging and electronic cleans-
ing appears to be within reach, thus making a truly 
prep-less colorectal screening test an attractive pos-
sibility (Lefere et al. 2002).

A subset of patients, including the elderly, those 
with cardiovascular disease, bleeding diathesis and 
a history of failed colonoscopies, are better suited to 
undergo CTC for colorectal cancer screening com-
pared to colonoscopy or DCBE.

2.2.2 
Diagnostic CT Colonography

Patients with positive bowel symptoms, such as 
change in bowel habits, lower gastrointestinal bleed-
ing, iron deficiency anemia and abdominal pain are 
eligible to undergo a diagnostic CTC. The patient 
is scanned in both the supine and prone position, 
but unlike a screening CTC, the patient is injected 
with intravenous iodinated contrast material during 
the supine acquisition (Chen et al. 1999). Injection 
of contrast aids in the differentiation of polyps 
versus adherent stool. Studies have also demon-
strated increased accuracy of polyp detection with 
the use of intravenous contrast (Morrin 2000). A 
contrast-enhanced scan may aid in the detection 
of extra-colonic causes of the patient’s symptoms. 
Finally, diagnostic CTC has the ability to detect and 
stage colorectal cancer, unlike the other two alterna-
tives, conventional colonoscopy and double contrast 
barium enema.

The indications for diagnostic CTC closely follow 
those for conventional colonoscopy (Rankin 1987). 
Rectal bleeding, heme positive stool, anemia and 
constipation are just a few examples. Indications for 
screening and diagnostic CTC are summarized in 
Table 2.1.

Diagnostic CTC may be used to further evaluate 
findings on conventional colonoscopy. Not infre-
quently, diagnostic CTC is performed in patients 
with suspicious intramural or extra-mural masses 
detected on optical colonoscopy (Fig. 2.2).

Occasionally, patients are unable to undergo con-
ventional colonoscopy due to presence of a colonic 
stricture, redundant sigmoid, or contraindications 
to intravenous conscious sedation. Flexible sig-
moidoscopy can be performed without sedation; 
however, the majority of the colon is not evaluated. 
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Table 2.1. Indications and contra-indications for CT colonography

Indications for CTC Contra-indications for CTC

Screening Diagnostic

Age ≥ 50 yearsa

Bleeding diathesis
Failed colonoscopy
Polyp detection
Elderly
Contraindication to sedation

Colorectal cancer detection in patients with:
Lower gastrointestinal bleeding
Change in bowel habits
Lower abdominal pain
Iron deficiency anemia
Obstructing colon mass
Post-operative colorectal cancer surveillance
High risk patientsb

Acute abdomen
Recent pelvic or abdominal surgery
Acute diverticulitis
Toxic megacolon
Colonic hernia
Scanner weight limitations
Pregnancyc

Hip joint replacementc

Incompetent ileocecal valvec

Claustrophobiac

a Average risk patient
b Patients with infl ammatory bowel disease, familial adenomatous polyposis, hereditary nonpolyposis colorectal cancer, fi rst
 degree relative with colorectal cancer or patients with prior history of colorectal cancer.
c Relative contraindication

Fig. 2.2a–c. Submucosal colonic lipoma: a sagittal reformat-
ted CT image (lung window settings) acquired in prone 
position shows a 1.8-cm intramural lesion within the cecum 
(arrow); b sagittal reformatted CT image in supine position 
(soft tissue settings) demonstrates a fatty mass (arrow) along 
the posterior border of the cecum in the same location as 
seen on the prone image; c supine axial CT image (soft tissue 
settings) demonstrates again the fatty mass consistent with a 
submucosal lipoma

a b

c

Although double contrast barium enema evalu-
ates the entire colon, many proponents of the new 
technology believe that CTC should be the study of 
choice for patients whom are unable to undergo con-

ventional colonoscopy. Several studies reveal that 
the sensitivity and specificity of polyp detection is 
higher for CTC compared to DCBE (Johnson et al. 
2004; Fenlon et al. 1999b).
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2.2.3 
Pre-operative Assessment

The assessment of colon proximal to an obstructing 
colonic mass has been a shortcoming of conventional 
colonoscopy. In the past, inter-operative palpation 
or post-operative colonoscopy was performed with 
the possibility of a second surgery required for a 
missed synchronous cancer or adenoma. The sen-
sitivity of hand palpation is fairly low and intra-
operative insufflation of the colon increases the risk 
of peritoneal contamination.

Double contrast barium enema remains in the 
algorithm for work-up of colorectal cancer in evalu-
ation of the proximal bowel in cases of an obstruct-
ing mass. This examination is not preferred, as the 
proximal colon often does not drain all of the barium 
by the time of surgery. Patients are also at increased 
risk for post-operative morbidity if a reactive perito-
nitis develops secondary to barium contamination 
intra-operatively.

The incidence of synchronous neoplasia in the 
colon has been described at a rate of 1.5–9%. Ade-
nomas harboring in the colon in patients with colon 
cancer have been reported at an incidence of 27–
55%. Fenlon et al. compared CTC to pre-operative 
double contrast barium enema in the evaluation of 
patients with an obstructing carcinoma (Fenlon et 
al. 1999a). CTC identified all of the cancers including 
2 synchronous cancers proximal to the obstructing 
mass that were missed by barium enema (Fenlon et 
al. 1999a). In addition, CTC demonstrated 16 of 18 
polyps in the proximal colon.

2.2.4 
Post-operative Colorectal Cancer Surveillance

The American Society of Clinical Oncology devel-
oped in 1999 a set of guidelines for the surveillance 
of the post-operative patient with colorectal cancer 
after thorough review of the literature of common 
surveillance protocols. Protocols were reviewed on 
the basis of reduction in morbidity and five-year dis-
ease free survival. Monitoring carcino-embryonic 
antigen (CEA) levels and colonoscopy were found to 
be the most effective in many protocols, with liver 
function evaluation, fecal occult blood testing, liver 
ultrasound and chest X-ray being less effective in 
overall outcome (Desch et al. 1999). Colonoscopy 
appears to have the best predictive value for mor-
bidity. A pre-operative or peri-operative evaluation 
of the entire colon is essential in the surveillance 

algorithm with a polyp free colon a must. Metachro-
nous adenomas and neoplasms have been reported 
on surveillance colonoscopy at a fairly high rate 
(Fukutomi et al. 2002). Surveillance colonoscopy 
can be performed in three to five years if polyp free 
after surgery. However, colorectal surgeons surveyed 
stated they typically use a more frequent algorithm, 
such as 6–12 months intervals for the first 5 years.

The role of CT colonography has been evaluated 
specifically in this patient population. Incomplete 
colonoscopies secondary to post-operative stric-
tures and rigid mesentery have been reported. In 
2002, Gollub et al. reported a conventional colo-
noscopy failure rate of 4%-29% in post-operative 
or post-radiotherapy patients (Gollub et al. 2002). 
These patients would undergo a double contrast 
barium enema for complete evaluation of the colon. 
As discussed, CTC sensitivity for polyp detection is 
greater than DCBE and thus makes it a superior sur-
veillance tool in this subset of patients.

The additional benefit of CTC for surveillance 
includes evaluation of the abdominal and pelvic 
viscera. The anastomosis can be specifically evalu-
ated. In some surveillance algorithms, patients 
undergo colonoscopy and liver ultrasound. Laghi et 
al. reported on a group of patients undergoing sur-
veillance with CEA, liver ultrasound, colonoscopy 
and chest X-ray (Laghi et al. 2003). In his study, 
the patients underwent contrast-enhanced CTC and 
findings were directly compared to conventional 
colonoscopy findings. CTC detected all polyps 
seen with conventional colonoscopy with two false 
positives. The study was also able to diagnose liver 
metastases and basal lung nodules. Therefore, con-
trast-enhanced CTC appears to be a valuable alter-
native surveillance tool in post-operative patients at 
increased risk for adenomas and cancer.

2.2.5 
Incomplete Conventional Colonoscopy

CTC has been shown to be superior to double con-
trast barium enema following incomplete conven-
tional colonoscopy and, in fact, failed colonoscopy 
was the first established indication for CTC. An 
incomplete colonoscopy is defined as failure to intu-
bate up to the cecum. The reported rate of failed 
colonoscopy ranges from 8% to as high as 35%. 
Patients with a history of an incomplete colonos-
copy have a significantly increased risk of failing a 
second attempt. A multitude of reasons contribute 
to a failed conventional colonoscopy: poor bowel 
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preparation, redundant colon, strictures, history of 
failed colonoscopies and patient discomfort. Double 
contrast barium enema was usually the next step in 
the algorithm of colon evaluation and in most cases 
performed the same day. On some occasions, how-
ever, DCBE is suboptimal as well, sometimes due to 
poor bowel prep, patient’s inability to move on the 
table or inadequate barium coating of the colonic 
mucosa secondary to an air block from the previous 
incomplete colonoscopy (Macari et al. 1999).

In patients with failed colonoscopy, Macari et 
al. reported CTC sensitivities of polyp detection of 
87%, compared with 45% for DCBE. The specific-
ity was also better for CTC than DCBE; 98 vs 89%, 
respectively (Macari et al. 1999). Therefore, in this 
subset of patients who have failed conventional colo-
noscopy, CTC rather than a second attempt of con-
ventional colonoscopy or DCBE may be prudent.

2.2.6 
Inflammatory Bowel Disease Surveillance

The cancer surveillance algorithm is augmented for 
high-risk patients. Patients with pancolitis for more 
than 7–10 years and patients with left-sided ulcer-
ative colitis for more than 15 years are at increased 
risk of developing colon cancer. The current rec-
ommendation for screening colonoscopy for these 
groups is every 1–2 year with random biopsies of the 
colon (American Society of Gastrointestinal 
Endoscopy 1998). Patients with ulcerative colitis 
and Crohn’s disease have an increased risk of cancer 
the longer the disease progresses and an approximate 
overall 3% risk of colon cancer has been reported 
(Mpofu et al. 2004). For this reason, surveillance 
usually begins eight years after initial diagnosis 
and patients are usually screened by conventional 
colonoscopy with polypectomy and occasionally 
colectomy. However, no clear evidence exists that 
surveillance improves colon cancer survival in this 
patient population (Mpofu et al. 2004).

In this patient population with history of colitis 
and possible prior segmental colonic resections, fis-
tulas and strictures often develop at the anastomosis 
and make passage of the colonoscopy device impos-
sible. Scarring of the mesentery may also cause rigid-
ity and may lead to failed colonoscopies. Historically, 
patients would then go on to double contrast barium 
enema for complete evaluation of the colon.

Ota et al. reported a study of 33 patients with 
Crohn’s disease and compared CTC with conven-
tional colonoscopy and DCBE in the detection of 

lesions in the colon proximal to a stenosis (Ota et 
al. 2003). CT colonography was found to be supe-
rior to both DCBE and conventional colonoscopy 
in the evaluation of the proximal colon. Although 
conventional colonoscopy was limited in the evalu-
ation of the mucosa, CTC had the added advantage 
of being able to evaluate the entire bowel wall as well 
as extra-luminal tissues.

Patients with Crohn’s disease primarily in the 
region of the ileocecal valve have an increased risk 
of colon cancer similar to patients with ulcerative 
colitis. In this subset of Crohn’s patients who often 
have a history of multiple abdominal surgeries for 
fistulas, a described failed colonoscopy rate exists. 
Biancone et al. described a beneficial use for CTC 
in this particular subset of patient with strictures 
and failed colonoscopies (Biancone et al. 2003). 
His study was performed in 16 patients who had 
undergone partial colectomy, including ileo-colonic 
anastomosis, for Crohn’s colitis and his study was 
conducted to evaluate for recurrence at the anasto-
mosis. Patients underwent both conventional colo-
noscopy and CTC. CT colonography was found to 
be just as accurate in the detection of recurrence at 
the site of anastomosis with the added evaluation of 
small bowel dilatation proximal to the stricture and 
degree of bowel wall thickening. A significant limi-
tation of CTC was its inability to perform biopsies. 
In patients with inflammatory bowel diseases, CTC 
is a good tool for further subdividing the patient 
populations into those who have positive findings 
and need to go on to conventional colonoscopy and 
biopsy and those who have negative findings and 
can continue to be screened at regular intervals.

2.3 
Contraindications

The contraindications to CTC are few and, in gen-
eral, different than these encountered with con-
ventional colonoscopy (Rex et al. 1987). Weight 
and girth limitations of the scanner, artifacts from 
metal prosthesis and claustrophobia are examples 
of contraindications unique to CT. Absolute contra-
indications to instrumentation of the colon include 
presence of an acute abdomen, recent abdominal or 
pelvic surgery, colonic hernia, and acute diverticu-
litis (Fig. 2.3). Relative contra-indications include 
pregnant patients, patients with hip replacements, 
claustrophobia and an incompetent ileocecal valve 
(Fig. 2.4).
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2.3.1 
Absolute Contraindications

Many CT scanners have a weight limit of 300 to 400 
pounds and a circumferential girth limit of 60 cm.

A patient with an acute abdomen should not be 
inflated with room air or CO2, and a consultation 
with a surgeon is most appropriate. Patients with 
active diverticulitis should not be referred to CT 
colonography. If an abscess or free air is suspected, 
a CT of the abdomen and pelvis can be performed 
with oral and IV contrast. Insufflation of the colon 
is contraindicated and may cause perforation and 
widespread peritonitis. Similarly, if a patient has 
recently undergone pelvic or abdominal surgery, 

in the past four months, insufflation of the colon is 
contraindicated. Patients with a known history of 
colonic hernia or toxic megacolon should also not 
undergo colonoscopy or CTC.

2.3.2 
Relative Contraindications

Pregnancy is a relative contraindication to CTC. 
The radiation dose and absorbed dose to the fetus 
during the dual scan is the major issue. In these 
rare instances that a pregnant patient is suspected 
to have a colorectal cancer, there is a real risk of 
perforation with conventional colonoscopy and CTC 

Fig. 2.3a,b. Left inguinal colonic hernia: a supine CT image (lung window setting) shows loops of bowel presumed to represent 
colon in a left inguinal hernia; b sagittal reformatted CT image shows distended colon within a left inguinal hernia

a b

Fig. 2.4a,b. Incompetent ileocecal valve: a axial CT image (soft tissue window) demonstrates a gaping ileocecal valve (arrow); 
b coronal reformatted CT image lung window settings shows gas fi lled and distended loops of small bowel and colon

a b
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may be the safer alternative. The gestational age of 
the fetus is an important factor when contemplating 
risk. The relative risk of childhood cancers is 1.4 
with an exposure of 10 mGy in utero (Kusama and 
Ota 2002). Radiation doses are heavily regulated 
and the effective dose limit to the fetus is 0.5 rem 
(5 mSv) (Huda and Stone 2003). The effective dose 
of thin-section low dose CTC is 5.0 mSv for men and 
7.8 mSv for women. The effective dose to the fetus in 
utero, however, is less than the stated dose of 7.8 mSv 
(Iannaccone et al. 2003 and Macari et al. 2002).

Patients with metallic hip joint replacements will 
have significant artifacts in the pelvis with limited 
evaluation of colonic segments in this region. This is 
a relative contraindication depending on the clini-
cal question asked. Intravenous iodinated contrast 
allergy is also a relative contraindication as any 
patient with a history of a mild contrast allergy can 
be premedicated for the exam or not receive the 
injection. Claustrophobia is also a relative contra-
indication to the study. Patients can take an oral 
sedative prior to the study. An incompetent ileocecal 
valve is another relative contra-indication for CTC 
as distention of the colon may be suboptimal.

2.4 
Current Reimbursable Indications

The first reimbursable indication for CT colonog-
raphy was studying the colon following a failed 
colonoscopy. Currently, CT colonography is coded 
under the CPT category III code 0066T for screening 
and 0067T for diagnostic CT colonography. Reim-
bursement of CTC exams by Medicare and many 
third party payers is approved for diagnostic CTC 
only and only with specified ICD-9 codes. Medicare 
does not currently cover colon cancer screening and, 
therefore, patients have to pay out of pocket in the 
US. To date, Wisconsin is the lone state that has suc-
cessfully lobbied the local major third party payers 
and secured reimbursement for screening CTC. This 
is likely just the beginning of trends to come in the 
near future (Barish 2004).

2.5 
Future Indications

The need for colon cleansing with bowel cathar-
tics may be a technique of the past with further 

development of electronic bowel cleansing software 
and prep-less fecal tagging protocols. This promises 
to significantly increase the overall percentage of 
patients willing to participate in colorectal cancer 
screening and, therefore, reduce morbidity and ulti-
mately mortality related to colorectal cancer.

Polyp surveillance with CTC may be further 
refined and some patients ultimately spared from 
unnecessary polypectomy. Concerns raised regard-
ing radiation dose may be further reduced with con-
tinued dose reduction software development.

2.6 
Summary

Virtual colonoscopy, now ten years old, has made 
substantial progress in the detection of adenomas 
and colorectal cancer. Recent studies report compa-
rable sensitivities and specificities to conventional 
colonoscopy for polyps 10 mm or larger on a per 
polyp basis. CTC is currently approved by Medicare 
as a diagnostic study in patients with positive symp-
toms and after failed colonoscopy. Work continues 
to approve CTC as a colorectal cancer screening 
exam. Many experts believe CTC is also ready to be 
adopted into the colorectal screening algorithm.
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CT colonography or virtual colonoscopy has increas-
ing support as a screening tool for colorectal polyps 
and carcinoma. This radiologic examination uses 
the patient data acquired from a helical CT scan-
ner and combines it with computer software that 
post-processes the data to generate both two- and 
three-dimensional images of the colon for analysis. 
However, before the patient undergoes the CT scan, 
there are initial steps that must be taken to help 
obtain images of the colon that are of high diagnos-
tic quality. The key element for a high-quality CT 
colonography examination is a well-cleansed and 
well-distended colon (Figs. 3.1, 3.2). When the colon 
contains residual fluid and/or stool, this can cause 
false negative and false positive results. If the colon 
is poorly distended, this too can lead to lesions being 
missed, and an area of collapse may simulate the 
apple-core appearance of a carcinoma. Patients are 
typically scanned in two opposing positions (supine 
and prone) so that portions of the colon that have 
residual material or poor distension in one position 
may be re-evaluated in the opposing view.

Fig. 3.1. a Coronal multiplanar reformat demonstrates a well-
cleansed transverse colon with no layering fl uid or residual 
solid stool. b Three-dimensional endoluminal view from the 
same patient showing normal haustral folds which are easily 
evaluated because of the absence of residual material
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3.1 
Colonic Preparation

Proper cleansing of the colon is essential if the 
radiologist is to identify colonic lesions accurately 
on CT colonography. Remaining pools of fluid in 
the colon can hide polyps and cancer both on two-
dimensional axial and reformatted images and on 
the three-dimensional endoluminal views (Figs. 3.3, 

3.4). Residual solid stool may be misdiagnosed as a 
polyp, particularly if homogeneous and non-mobile. 
Large amounts of residual stool can obscure true 
colorectal polyps and even cancer. Bowel cleansing 
for CT colonography is currently similar to that used 
for other colon tests such as the barium enema and 
standard colonoscopy. There are two main strate-
gies, the first consisting of maintaining a clear liquid 
diet starting about 24 h before the CT scan. The 

Fig. 3.2. a Excellent distension of the ascending colon and cecum on a sagittal multiplanar reformat optimizes diagnostic ability. 
b A well-distended segment in the same patient on the endoluminal view allows easy navigation

Fig. 3.3. a Suboptimal bowel preparation due to a large amount of residual fl uid layering along the dependent wall of the colon 
as seen on this sagittal multiplanar reformatted view. b Poor cleansing with a large amount of layering fl uid that obscures the 
colonic wall beneath it on this endoluminal view in the same patient
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second strategy is to clean the colon by having the 
patient ingest a cathartic or laxative that promotes 
emptying of the colon. Polyethylene glycol is an elec-
trolyte lavage solution in a nonabsorbable medium 
that patients drink in large volumes to bring about 
colonic evacuation. Sodium phosphate and magne-
sium citrate are saline cathartics which are highly 
osmotic agents containing inorganic ions that draw 
fluid into the bowel lumen to induce peristalsis and 
elimination of bowel contents.

3.1.1 
Polyethylene Glycol

Polyethylene glycol electrolyte lavage solution is 
often the agent preferred by gastroenterologists 
for colonic cleansing in patients prior to fiberoptic 
colonoscopy. One unit of the solution is composed 
of 236 g of polyethylene glycol as well as electro-
lytes such as sodium and potassium and is admin-
istered orally in a large volume to empty the colon. 

Fig. 3.4. a Supine axial view of the ascending colon dem-
onstrates greater than 50% of the lumen fi lled with fl uid. b 
Prone axial view in the same patient demonstrates the large 
adenomatous polyp that would have been missed if dual-posi-
tion imaging had not been performed. c Prone three-dimen-
sional cube view shows the same large irregular adenomatous 
polyp
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The product typically comes in powder form in a 
large container and is mixed with about 4 l of water. 
Patients are instructed to drink the 4 l of polyethyl-
ene glycol solution within a 3-h period during the 
afternoon or early evening before the day of the pro-
cedure. Polyethylene glycol is not contraindicated in 
patients with renal failure or congestive heart fail-
ure. However, many patients, especially the elderly, 
have a difficult time ingesting this large volume 
during the limited period, and patient compliance 
may be a problem. Additionally, patients may expe-
rience abdominal discomfort, nausea and bloating. 
In a study of patients being prepared for surgery, 
100 patients underwent bowel cleansing with poly-
ethylene glycol and 100 patients received sodium 
phosphate. Although the quality of the colonic 
cleansing was similar in both groups, it was found 
that patients tolerated the sodium phosphate (65% 
stated they would take the same agent again, 95% 
completed the preparation) significantly better than 
the polyethylene glycol (25% would take the same 
preparation again, 37% ingested the entire amount) 
(Oliviera et al. 1997).

Polyethylene glycol is not an optimal bowel 
cleansing agent for CT colonography because it is 
a “wet preparation”. Although it is very effective in 
clearing solid material, polyethylene glycol often 
leaves a large amount of residual fluid which may 
compromise the diagnostic ability of the CT. Excess 
fluid in the colon does not often hinder the colonos-
copy evaluation, since the gastroenterologist is able 
to aspirate or remove the extra fluid at the time of the 
procedure to reveal the underlying mucosa. Many of 
the studies that have been published evaluating the 
accuracy of CT colonography have used standard 
colonoscopy as the reference standard, which is typ-
ically performed on the same day. In these studies, 
patients have usually received polyethylene glycol 
for colonic cleansing.

In a study evaluating the effect of different bowel 
preparations on residual fluid at CT colonography, 
11 patients undergoing same-day CT colonography 
and screening colonoscopy received polyethylene 
glycol. Thirty-one patients undergoing CT colonos-
copy within 1 week after incomplete colonoscopy 
received sodium phosphate preparation. Three 
readers who were blinded to the preparation used in 
the patients independently evaluated the quantity of 
residual fluid in six segments of the colon using a 
four-point scale: 1 = no residual fluid; 2 = less than 
25% of the lumen filled with fluid; 3 = 25%-50% of 
the lumen filled with fluid; and 4 = greater than 50% 
of the lumen filled with fluid. A statistically signifi-

cant difference was found between the two groups, 
with the mean summed residual fluid score equal 
to 16.3 for the sodium phosphate group and a mean 
summed score of 26.9 for the polyethylene glycol 
group (Macari et al. 2001). In a prospective ran-
domized study evaluating bowel cleansing methods 
prior to CT colonography in 50 patients, the overall 
quality of bowel cleansing was found to be better 
for sodium phosphate than with polyethylene glycol 
and the sodium phosphate preparation was better 
tolerated with significantly less nausea and less fecal 
incontinence (Ginnerup Pedersen et al. 2002).

3.1.2 
Sodium Phosphate

Sodium phosphate (also known as phospho-soda) 
is a saline cathartic that is familiar to radiologists 
since it is often used as a cleansing agent prior to 
double-contrast barium enema. The laxative effect 
of sodium phosphate results from its osmotic prop-
erties which causes large outflow from the colon. A 
kit is commercially available containing a 1.5-oz or 
45-ml bottle of monobasic and dibasic sodium phos-
phate, four bisacodyl tablets (5 mg each) and one 
bisacodyl suppository (10 mg). Bisacodyl is a contact 
laxative that stimulates parasympathetic reflexes to 
induce evacuation (Gelfand et al. 1991). Patients 
are instructed to mix the 45 ml of sodium phos-
phate with 4 oz (ca. 125 ml) of water and to ingest 
this with an additional 8 oz (ca. 250 ml) of water at 
about 6 PM the evening before the procedure. The 
time to onset of the laxative effect is about 1 h in 
general, and patients are instructed to remain close 
to a restroom. The four bisacodyl tablets are taken 
at about 9 p.m. the same evening and the bisaco-
dyl suppository is administered the morning of the 
procedure.

Reported complications from the use of sodium 
phosphate are rare and may result from induced 
hypovolemia, or patients can develop significant 
electrolyte disturbances, such as hypernatremia, 
hyperphosphatemia, hypocalcemia, and hypokale-
mia (Ehrenpreis et al. 1996; Vukasin et al. 1997). 
Sodium phosphate is contraindicated in patients 
with known renal failure, pre-existing electrolyte 
abnormalities, congestive heart failure (particu-
larly if on diuretic therapy), ascites, and ileus (Fass 
et al. 1993). Although some gastroenterologists 
and radiologists prescribe a “double dose” (3 oz or 
90 ml) of sodium phosphate for colonic cleansing, 
this must be administered with caution, especially 
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in older patients, given the increased potential for 
serious blood electrolyte abnormalities. The first 
dose of 45 ml is given the evening before and the 
second dose is administered the morning of the pro-
cedure, the two doses separated by about 10--12 h 
(Pickhardt et al. 2003). The US Food and Drug 
Administration (FDA) has released a warning about 
the potential toxicity of oral sodium phosphate as a 
colonic cleansing agent for colonoscopy (FDA 2002). 
To avoid serious adverse events, it has been advised 
that oral sodium phosphate be administered as rec-
ommended to patients without major comorbid con-
ditions (Hookey et al. 2002).

In contrast to polyethylene glycol lavage solution, 
sodium phosphate is known as a “dry preparation” 
since little fluid typically remains in the colon. In 
the setting of a dry colon, even small amounts of 
residual solid material may be seen as pseudo-pol-
ypoid lesions on CT colonography. There are mul-
tiple published studies evaluating the adequacy of 
bowel cleansing in patients using sodium phosphate 
versus polyethylene glycol. Whereas some colonos-
copy studies have found similar quality of bowel 
cleansing irrespective of the purgative agent used 
(Afridi et al. 1995; Golub et al. 1995; Marshall 
et al. 1993), other studies have found sodium phos-
phate to be more effective at cleansing the bowel 
than polyethylene glycol (Cohen et al. 1994; Kolts 
et al. 1993; Vanner et al. 1990). A meta-analysis 
including 1,286 patients from eight colonoscopist-
blinded trials comparing sodium phosphate and 
polyethylene glycol lavage solution found that over-
all sodium phosphate is as effective as polyethylene 
glycol and is a more easily completed preparation. 
A cost saving of approximately $40 per colonoscopy 
was also identified with the use of sodium phosphate 
(Hsu and Imperiale 1998). A study evaluating the 
quantity of fluid retention and adequacy of bowel 
wall coating in patients receiving sodium phos-
phate versus polyethylene glycol prior to having a 
barium enema found that there was no significant 
difference(O’Donovan et al. 1997).

3.1.3 
Magnesium Citrate

Magnesium citrate is a saline cathartic that may 
also be used as a bowel cleansing agent prior to CT 
colonography. It prevents water resorption and also 
stimulates cholecystokinin, which causes increased 
fluid secretion into the small bowel (Bartram 
1994). Magnesium citrate comes in either a powder 

form which is reconstituted with 8 oz (ca. 250 ml) 
of water or as a premixed solution in a 10-oz (ca. 
310 ml) bottle. This is ingested in the late afternoon 
on the day prior to the procedure with an additional 
8 oz (ca. 250 ml) of water. Bisacodyl tablets and sup-
pository are typically used in conjunction with mag-
nesium citrate similar to sodium phosphate.

An advantage of using magnesium citrate is that 
it is known as a low-sodium preparation. It contains 
12 mg of sodium in its mixed form, compared with 
5,004 mg of sodium for sodium phosphate. Although 
in rare instances sodium phosphate has been asso-
ciated with clinically significant electrolyte distur-
bances, the use of magnesium citrate has not been 
found to cause any similar abnormalities. A study 
found that all patients receiving sodium phosphate 
had significant elevations in phosphorus levels fol-
lowed by a decline in serum calcium levels com-
pared with patients receiving magnesium citrate 
(Oliviera et al. 1998).

Magnesium citrate has been used with a reduced 
total volume of polyethylene glycol lavage solution 
prior to colonoscopy as a strategy to improve patient 
compliance and tolerance. This has also been found 
to improve the quality of colonic cleansing and to 
decrease preparation times (Sharma et al. 1998).

3.2 
Colonic Distension

Proper distension of the colon is necessary to allow 
the radiologist the ability to visualize polyps and 
cancers that may impinge upon the lumen on CT 
colonography (Figs. 3.5, 3.6). A segment of colon 
that is poorly distended or collapsed can simulate 
a malignant narrowing such as that caused by an 
annular carcinoma (Fig. 3.7). A well-trained tech-
nologist or nurse can assist in placing the rectal tube 
with care and performing the colonic insufflation, 
depending upon local guidelines. With the patient 
in a right-side-down decubitus position on the CT 
table, the rectal tube is placed. Various types of 
administration sets are available when performing 
manual insufflation, including a rectal tip attached 
to tubing and an insufflation bulb or a Foley cath-
eter attached to an insufflation bulb. Preliminary 
insufflation in this position is suggested, allowing 
for filling of the rectosigmoid and the descending 
colon. The patient is then turned to a supine posi-
tion and insufflation continues to fill the transverse 
colon and then the right colon. In general it will take 
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Fig. 3.5. a Poor distension of the descending colon limits the 
diagnostic ability for lesions on this axial image. b Endolumi-
nal view in the same patient showing suboptimal distension 
which inhibits navigation through this segment

Fig. 3.6. a Collapse of a portion of the rectum in the supine 
position on an axial image. b Excellent distension of the 
rectum with the same patient in a prone position, demonstrat-
ing a small polyp along the left posterolateral colonic wall. c 
Three-dimensional cube view of the same polyp seen in the 
prone position
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at least 2–3 l of gas to adequately distend the colon. 
A CT scout view is obtained of the abdomen and 
pelvis. If the entire colon, particularly the sigmoid, 
is not well distended then repeat administration of 
gas is performed according to maximum patient tol-
erance. Following supine axial image acquisition, 
the patient is turned prone and another CT scout 
image is obtained with additional gaseous insuf-
flation given if segments of colon with suboptimal 
distension are noted on the scout view.

3.2.1 
Room Air

Currently room air is used most frequently to manu-
ally insufflate the colon for CT colonography. Its ease 
of use and familiarity to radiologists and technolo-
gists because of a similar route of administration per 
rectum for double-contrast barium enema examina-
tions have made it easily adaptable for CT colonog-
raphy. It is also readily available at no additional 
cost. A large component of room air is nitrogen, 
which is inert, so that there is no active diffusion 
across the bowel wall when the colon is distended 
with air. Thus, following retrograde insufflation of 
the colon with room air, the colon will remain filled 
until the air is passed distally. Occasionally patients 
may experience severe pain and distension up to 
several hours after the CT colonography examina-
tion because of excess residual air within the colon. 
In an evaluation of symptom rates, 7% of subjects 

experienced significant pain and 13% had severe 
distension following air insufflation of the colon for 
barium enema (Skovgaard et al. 1995).

3.2.2 
Carbon Dioxide

Carbon dioxide (CO2) has been used instead of 
atmospheric air for insufflation of the colon for 
colonoscopy as well as for barium enema examina-
tion because it has been found to decrease patient 
discomfort. CO2 is readily resorbed through the 
colonic wall because of a steep diffusion gradient 
and it is then exhaled from the lungs. One hundred 
patients were randomized to undergo colonoscopy 
with insufflation with either air or CO2. Post-proce-
dural pain was reported in 45% and 31% of patients 
receiving air at 1 h and 6 h, respectively, after colo-
noscopy compared with 7% and 9%, respectively 
in subjects insufflated with CO2 (Sumanac et al. 
2002). In a study of 142 subjects, approximately half 
of the patients received room air and the other half 
received CO2 to distend the colon for barium enema. 
Patients who received CO2 were found to have a 
reduced incidence of both immediate and delayed 
pain, from 31% to 12.5% and from 12.9% to 4.2% 
respectively (Robson et al. 1993). In another study of 
151 patients undergoing barium enema, 86 received 
room air and 65 received CO2 for colonic insuffla-
tion. Almost one-third of patients who received room 
air experienced pain versus only 11% of patients who 

Fig. 3.7. a Collapse of a long length of the sigmoid on coronal 
multiplanar reformatted view simulating annular carcinoma. 
b Occlusion of the lumen on endoluminal view due to collapse 
of the sigmoid in the same patient. This appearance may also 
be caused by an occluding carcinoma, and proper colonic dis-
tension is essential for differentiation

a

b



30 J. Yee

underwent colonic distension with CO2. Whereas 
none of the CO2 patients reported severe pain, five 
patients who received room air reported signifi-
cant pain (Coblentz et al. 1985). In a compara-
tive study, 105 patients undergoing barium enema 
received either manually administered air, CO2, or 
a 50/50 mixture of the two gases. No difference in 
mucosal coating was found. Patients who received 
CO2 had significantly less immediate and delayed 
pain than those who received air and less delayed 
pain than those insufflated with the 50/50 mixture. 
It was also found that air provided better distension 
than the other two gases although the difference did 
not attain statistical significance (Holemans et al. 
1998). Another study identified less optimal colonic 
distension with manually administered CO2 than 
with room air in 100 patients referred for barium 
enema. It was concluded that poor distension could 
lead to diagnostic errors and thus outweigh any 
advantages in patient acceptability when using CO2 
as an insufflation agent (Scullion et al. 1995).

More recently, CO2 has also been used to dis-
tend the colon for CT colonography. The retrograde 
administration of CO2 may be performed either 
manually, similar to retrograde air insufflation, or 
electronically using a specific commercially avail-
able mechanical device developed for CT colonog-
raphy. Although manual administration of CO2 may 
lead to suboptimal bowel distension as described 
above, our experience shows more reliable and con-
sistent optimal bowel distension with the use of elec-
tronic CO2 insufflation for CT colonography, which 
maintains a constant infusion of CO2 into the colon 
up to a certain preset pressure. For colonoscopy, a 
pressure maintained at 35 mmHg with a CO2 flow 
rate of 1 l/min has been proven safe (Phaosawasdi 
et al. 1986). For CO2 administration during CT colo-
nography, the maximum pressure setting allowed 
using the mechanical device is 25 mmHg. With a 
fixed flow rate of 3 l/min, the pressure is set at about 
15 mmHg to start with and then slowly increased to 
a maximum of 25 mmHg depending upon patient 
tolerance. CO2 instillation is continued in the supine 
and prone positions until completion of the scan. The 
total amount of CO2 insufflated during CT colonog-
raphy is typically about 4 l due to the relatively short 
procedural time. This amount is far less than during 
an average laparoscopic procedure of approximately 
2 h using CO2 flow rates of 5--15 l/min with a total 
CO2 consumption of approximately 40 l (Taskin et 
al. 1998). No complications have been reported in 
the literature to date for intracolonic CO2 insuffla-
tion.

3.3 
Anti-Spasmodic Agents

Anti-spasmodic agents are used to relax the bowel 
wall and to minimize peristalsis. Glucagon has 
been employed for CT colonography in the USA, 
although its usefulness has not been substantiated. 
Butyl scopolamine is used in Europe for CT and MR 
colonography, where it has been found to be cheaper 
than glucagon and more effective than glucagon as 
a spasmolytic agent. However, the utility of butyl 
scopolamine for CT and MR colonography is also 
controversial.

3.3.1 
Glucagon

Glucagon is a polypeptide hormone normally pro-
duced by the pancreatic islets of Langerhans. It 
causes an increase in blood glucose, but is perhaps 
better known for its clinical use as a hypotonic agent 
for the stomach, small bowel, and colon. Glucagon 
relaxes the smooth muscle of the gastrointestinal 
tract and is thought to improve bowel distension 
and decrease patient discomfort due to spasm. The 
effectiveness of glucagon is dependent upon loca-
tion, and it has been found to be most effective 
on the duodenum and least effective on the colon 
(Chernish and Maglinte 1990). Although uncom-
mon, the most frequently encountered side effects of 
glucagon are nausea, vomiting and headache. One 
study found that 4% of patients experienced nausea 
following the intravenous administration of gluca-
gon prior to CT colonography.(Morrin et al. 2002). 
Rarely, generalized allergic-type reactions such as 
urticaria, respiratory distress and hypotension may 
occur. Glucagon is contraindicated in patients with 
pheochromocytoma, insulinoma, poorly controlled 
diabetes or a known hypersensitivity to glucagon.

Glucagon was used in the past, and is still being 
used at some sites, as a spasmolytic agent for CT 
colonography. Many of the older published trials 
evaluating the performance of CT colonography for 
polyp detection were performed on subjects who had 
received 1 mg of glucagon intravenously. The rou-
tine use of glucagon for colonic evaluation had been 
adopted from barium enema practice. Some studies 
have found decreased discomfort during and after 
barium enema when glucagon is given prior to the 
procedure (Bova et al. 1993; Meeroff et al. 1975). 
However, it has also been reported that there was 
no improvement in colonic distension on double-
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contrast barium enema after the administration of 
glucagon [33] and that there was also no improve-
ment in colon polyp detection rates on double-con-
trast barium enema with glucagon administration 
(Thoeni et al. 1984). Important differences exist 
between the barium enema examination and CT 
colonography when considering the usefulness of 
glucagon for these studies. Liquid barium may cause 
colonic spasm during the barium enema examina-
tion, but this does not occur during CT colonogra-
phy. Additionally CT colonography is a much more 
rapid study than barium enema. Colonic insuffla-
tion with air is important during the scan phase of 
the CT, which is very short and occupies less than 
15 s in each position, whereas a distended colon is 
needed for at least 15 min after glucagon is adminis-
tered for the barium enema examination.

Trials specifically evaluating the value of intra-
venous glucagon for CT colonography have been 
conducted. CT colonography was performed in 
60 patients following manual air insufflation of the 
colon up to maximum patient tolerance. Thirty-
three patients received 1 mg of glucagon immedi-
ately prior to the CT scan and the remaining patients 
did not (Yee et al. 1999a). Segmental as well as over-
all colonic distension was evaluated. The colon was 
divided into eight segments in both supine and 
prone positions for a total of 16 segments per patient. 
It was found that glucagon administration did not 
significantly improve colonic distension in supine 
or prone positions. In patients receiving glucagon, 
222 segments (84.1%) were considered adequately 
distended. In patients not receiving glucagon, 187 
segments (86.6%) were adequately distended. No 
statistically significant differences were identified 
between the glucagon group and the non-glucagon 
group for overall colonic distension scores in the 
prone, supine, or combined positions.

Another study also found that colonic disten-
sion at CT colonography is improved by dual posi-
tioning but not by the administration of intrave-
nous glucagon (Morrin et al. 2002). In a study of 
96 patients, 74 subjects received 1 mg of glucagon 
intravenously immediately prior to CT scanning 
and 22 patients did not. A five-point scale was used 
to score adequacy of distension, with 1 = collapsed 
and 5 = excellent distension. There was no statisti-
cally significant difference between the glucagon 
and non-glucagon groups (mean distension scores 
3.6 and 3.9, respectively). We do not administer glu-
cagon routinely for CT colonography at our institu-
tion, but we use it in specific cases where there is 
significant patient discomfort or evidence of colonic 

spasm on the scout CT view. Initial investigation has 
also found that glucagon does not appear to improve 
the sensitivity of CT colonography for detection of 
colorectal polyps (Yee et al. 1999b).

3.3.2 
Hyoscine n-Butylbromide

Hyoscine n-butylbromide (Buscopan) is an anticho-
linergic agent that has been used as a muscle relax-
ant for the barium enema examination as well as 
for CT and MR colonography in Europe. It has not 
received approval for use in the USA. Buscopan has 
a different mechanism of action than glucagon and 
is less expensive. Hypotonia of the colon is induced 
by its action on the postganglionic parasympathetic 
receptors in smooth muscle. Contraindications to 
the use of anticholinergic agents include glaucoma, 
severe prostatic hyperplasia, unstable heart dis-
ease, bowel obstruction or ileus, and myasthenia 
gravis. Anticholinergics can cause side effects such 
as tachycardia, dry mouth, acute urinary retention, 
and acute gastric dilatation.

In a study comparing various antispasmodic 
agents for barium enema, 106 patients received a 
placebo, 109 patients received 1 mg intravenous 
glucagon, and 109 patients received 20 mg intrave-
nous Buscopan prior to the enema (Goei et al. 1995). 
Results showed that Buscopan performed better 
than glucagon for colonic distension, although 
about 5% of patients who received Buscopan experi-
enced blurry vision. The routine use of Buscopan for 
CT colonography is controversial. In a study of 73 
patients undergoing CT colonography, 36 patients 
received 20 mg of Buscopan intravenously and 37 
subjects received no muscle relaxant immediately 
prior to scanning. Intravenous Buscopan was not 
found to improve the adequacy of colonic disten-
sion, and there was no significant improvement in 
the accuracy of polyp detection (Rogalla et al. 
2005). It was concluded that the routine use of intra-
venous Buscopan for CT colonography was not sup-
ported. Another study performed on 136 patients 
randomized subjects to receive either 20 mg or 
40 mg of Buscopan or no muscle relaxant prior to 
CT colonography (Bruzzi et al. 2003). Significantly 
improved distension was found in the cecum and 
in the ascending and transverse colon in the supine 
position and in the ascending and descending colon 
in the prone position. No incremental advantage was 
found with the larger dose of 40 mg. This study also 
found that the use of a rectal balloon catheter did 
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not improve distension. A recently published study 
compared patients not receiving an anti-spasmodic 
agent with patients receiving 1 mg of glucagon intra-
venously and subjects receiving 20 mg of Buscopan 
intravenously immediately prior to supine-only CT 
colonography.(Taylor et al. 2003). Mean colon vol-
umes and radial distensibility were significantly 
better with Buscopan only when comparing patients 
who received Buscopan with patients who did not 
receive any muscle relaxant. The value of Buscopan 
for CT colonography using dual positioning remains 
controversial.
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developed back in 2003 shortly before the publica-
tion of the study by Pickhardt et al. (2003) in the 
New England Journal of Medicine. Since then opin-
ion might have changed. Theoretically an intensive 
preparation should produce the best performance 
of polyp detection. Indeed, in a well distended, 
clean and dry colon, conspicuity of tumoral lesions 
should be at its best. However, this expectation has 
not been accomplished in some recent multi-centre 
trials. Two recently published large multi-centre 
studies obtained very disappointing results of polyp 
detection using a regular preparation (Cotton et al. 
2004; Rockey et al. 2005). Of the many drawbacks 
these trials have been afflicted with, the lack of 
faecal tagging, was considered a major shortcoming 
(Ferrucci 2005a and author reply Ferrucci 2005b). 
Furthermore, to date the best results of polyp detec-
tion have been obtained in a large average-risk pop-
ulation of 1233 patients, using a preparation based 
on faecal tagging by Pickhardt et al. (2003). In this 
way, faecal tagging is an appealing technique and 
is becoming the preparation of choice to perform 
CT colonography (van Dam et al. 2004; Ferrucci 
2005a,b).

The purpose of this chapter is: 1) to explain what 
faecal tagging is; 2) to demonstrate why this partic-
ular type of preparation is important; 3) to explain 
how faecal tagging is performed at our institution; 
4) to show imaging findings.

4.2 
What is Faecal Tagging?

Faecal tagging means labelling of faecal residue in 
the colon. Stool tagging refers to labelling of resid-
ual stool, while fluid tagging refers to labelling of 
residual fluid. The technique is based on the oral 
ingestion of positive contrast material (barium and/
or iodine) as part of the preparation prior to CT 
colonography. The orally ingested contrast material 
impregnates the residual stool and mixes with the 
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4.1 
Introduction

As described in the previous chapter, preparing 
the colon is one of the prerequisites to perform CT 
colonography adequately. The option of an intensive 
preparation to obtain a colon as clean and dry as 
possible has been approved in a consensus statement 
developed by several experts in CT colonography 
(Barish et al. 2005). However, although recently 
published, this consensus statement was already 
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residual fluid in the colon. By doing so the residual 
stool and fluid, remaining in the colon after the 
preparation, have a hyperdense or white aspect on 
the two-dimensional CT images.

4.3 
The Rationale of Performing Faecal Tagging

The rationale of developing a preparation with 
faecal tagging was twofold: 1) improving diagnosis; 
2) improving patient compliance.

4.3.1 
Improving Diagnosis

Despite an intensive cleansing of the colon using 
regular preparations without faecal tagging, both 
residual stool and fluid in the colon not infre-
quently cause diagnostic difficulties (Johnson and 
Dachman 2000) (see also Chap. 8). Residual stool 
may appear isodense to the colonic wall and cause 
pseudopolypoid images, mimicking lesions and 
possibly resulting in false positive findings (Fenlon 
2002; Macari and Megibow 2001a). Residual fluid 
is also isodense to the colonic wall and tumoral 
lesions. Hence, when present in a large amount, 
some parts of the colon can be obscured in both 
supine and prone position, resulting in incomplete 
visualization of the colonic wall. This may of course 
result in false negative findings. Occasionally, a 
polyp mimics residual stool and even fluid, pos-
sibly resulting in false negative findings. By label-
ling both residual stool and fluid in the colon with 
positive contrast material, both these false positives 
and negatives could be avoided and consequently 
facilitate and improve diagnosis (Fig. 4.1) (see also 
imaging findings).

4.3.2 
Improving Patient Compliance

Intensively cleansing the colon mostly causes inter-
ruption of the normal daily activity. In fact prepara-
tions for full structural examinations of the colon 
are based on the intensive use of cathartics and 
produce more or less heavy diarrhoea. Besides this 
major inconvenience, side effects such as nausea, 
vomiting, and dizziness frequently occur. This 
important discomfort is known as a major barrier 

to complying with standard screening recommenda-
tions (Morrin et al. 1999) resulting in less than one 
half of the population participating in a colorectal 
cancer screening programme (van Dam et al. 2004; 
Bromer and Weinberg 2005). To avoid preparation 
related side effects and to increase patient compli-
ance, a reduced cathartic cleansing in combination 
with faecal tagging has been developed. In fact as the 
faecal residue is labelled in the colon, more residue 
can be left over in the colon without compromis-
ing the diagnostic performance of CT colonography. 
This offers the opportunity of reducing the cathartic 
cleansing part of the preparation and should enable 
improvement of patient compliance. This improved 
patient compliance was confirmed by Lefere et al. 
(2002). They compared the patient discomfort expe-
rienced the day before CT colonography in 2 groups 
of 50 patients. The former group was prepared with 
an intensive cathartic cleansing, while the latter was 
prepared with a combination of a reduced cathartic 
cleansing and faecal tagging. There were signifi-
cantly less side effects (such as nausea, vomiting, 
and abdominal cramps) in the group prepared with 
the reduced cathartic cleansing and faecal tagging. 
This resulted in an improved final opinion.

4.4 
How We Do It!

4.4.1 
The Preparation

The preparation takes one day and is performed 
the day before CT colonography. It consists of three 

Fig. 4.1. The residual stool in the ascending and descending 
colon is tagged and appears white on the two-dimensional 
images, facilitating diagnosis
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main parts: 1) a low residue diet; 2) faecal tagging 
with barium; 3) mild cathartic cleansing (Lefere 
et al. 2005a). The preparation can be performed in 
an ambulatory manner without interrupting the 
normal daily activity and is routinely used at our 
department.

4.4.1.1 
A Low Residue Diet

The patients receive a dedicated low residue diet 
(Nutra Prep®, E-Z-EM, Lake Success, NY, USA). This 
diet is provided in a box and supplies the patient 
with all the meals and drinks for the entire day 
before CT colonography (Fig. 4.2). This box contains 
powdered drinks with vanilla flavour, fruit drinks, 
soups, chips and nutrition bars. The diet reduces the 
fat intake and the faecal output. Patients are allowed 
to have breakfast (8 a.m.), lunch (noon) and dinner 
(5 p.m.). Breakfast consists of a tropical fruit juice, 
one vanilla drink and tea or coffee. At lunch patients 
drink another tropical fruit juice and vanilla drink 
and/or apple sauce, a soup and tea or coffee. At 
dinner they can have another soup and/or vanilla 
drink. Between the meals they can eat the chips and 
nutrition bars. The patients are allowed to drink as 
much additional water as they want to.

4.4.1.2 
Faecal Tagging with Barium

Faecal tagging is performed with a 40% weight/
volume barium suspension (Tagitol V®, E-Z-EM). 
The patients only have to drink a total of 60 ml: 
20 ml at breakfast, lunch and dinner respectively. 
The patients are instructed to drink the barium at 
once after the meal.

We use barium as sole tagging agent. Several 
authors advocate the use of iodine or a combination 
of barium and iodine to achieve fluid tagging (Zalis 
and Hahn 2001; Zalis et al. 2003; Pickhardt 2003; 
Iannaccone et al. 2004). Although its efficacy in 
fluid tagging is well established, we are not in favour 
of using iodine. Why not ? In our experience of per-
forming dietary faecal tagging with barium as sole 
tagging agent, only a few segments presented with a 
considerable amount of non-tagged fluid. The taste 
of the barium suspension is improved by adding a 
flavour (for instance apple flavour) whereas iodine 
has a bad taste. Furthermore, using iodine, adverse 
effects such as nausea, vomiting and diarrhoea quite 

frequently occur. In a recent study Iannaccone et 
al. (2004) described side effects in 10% of patients 
using 200 ml of iodine over two days.

4.4.1.3 
Mild Cathartic Cleansing

Cathartic cleansing of the colon is based on the com-
bination of magnesium citrate and bisacodyl tablets 
(Loso Prep®, E-Z-EM). At 6 p.m. the patients have to 
ingest the magnesium citrate: 16.5 g (=single dose) 
dissolved in one glass of cold water. At 7 p.m. they 
have to take four 5-mg tablets of bisacodyl. When 
used at this reduced dose, magnesium citrate is a 
milder cathartic when compared to sodium phos-
phate and polyethylene glycol (Vanner et al. 1990; 
Kolts et al. 1993; MacLeod et al. 1998; Taylor 
et al. 2003b). Furthermore the magnesium citrate 
is dissolved in only one glass of water. Reducing 
the volume to drink also improves patient com-
pliance. Magnesium citrate can be used in case of 
renal insufficiency, heart failure and electrolyte 
abnormalities which are contraindications for the 
use of oral sodium phosphate (Macari et al. 2001b; 
Toledo and DiPalma 2001).

4.4.1.4 
Instruction Folder

It is accepted that availability of written informa-
tion improves patient compliance (Murphy and 

Fig. 4.2. The diet is presented in a box and provides meals and 
beverages on the day preceding CT colonography
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Coster 1997). In order to proceed fluently with the 
preparation and to avoid misinterpretation of the 
instructions and/or misuse of the provided items, 
the patients receive an information folder. This 
folder provides them with all the practical infor-
mation necessary to bring this preparation to a 
good end by: 1) showing all different ingredients 
on a picture; 2) explaining how to proceed with the 
meals; 3) explaining how to ingest the barium; 4) 
explaining how to proceed with the cathartic cleans-
ing; 5) giving advice when to drink additional water. 
A short explanation concerning the adenoma-car-
cinoma sequence underscoring the importance 
of screening for colorectal cancer encourages the 
patients to follow the preparation meticulously.

4.4.2 
The Examination

On the day of CT colonography the patients remain 
sober until the examination is performed. When-
ever necessary we advise the patients to take their 
regular medication shortly before CT colonography. 
CT colonography is preferably performed in the 
morning. Prior to the exam the patient is instructed 
to visit the restroom to empty the rectum. Smooth 
muscle relaxation is achieved using scopolamine 
butylbromide (Buscopan®; Boehringer Ingelheim) 
(Taylor et al. 2003a). After distending the colon 
with CO2 using an automated inflator, the patients 
are scanned in supine and prone position using an 
ultra-low dose. Using a 64-slice scanner enables an 
ultra-low dose of 140 kV and 10 mAs without distor-
tion of the image quality (Fig. 4.3).

If necessary, same day optical colonoscopy can be 
performed by preparing the patients with some addi-
tional laxatives after CT colonography (for instance 
1 or 2 L of polyethylene glycol. Optical colonoscopy 
can be performed some 2 h after starting this addi-
tional prep (Lefere et al. 2002).

4.4.3 
Indications

This preparation is routinely used at our institution 
in all patients referred for: screening for colorec-
tal cancer, change in bowel habit, iron deficiency 
anaemia, constipation, heme positive stool, etc. (see 
Chap. 2). Intravenous contrast is never used as the 
polyps may enhance and simulate tagged stool caus-
ing a false negative finding.

In case of an obstructing tumour, faecal tagging 
is not hampered. In these cases patients present with 
efficient tagging and the colon is relatively clean 
(Fig. 4.3). In our experience none of these patients 
suffered from post-procedural colonic impaction 
with baroliths.

Faecal tagging is also appropriate in case of incom-
plete optical colonoscopy. Gryspeerdt et al. (2005) 
compared CT colonography performed immediately 
after incomplete optical colonoscopy (thus after 
a standard colonoscopy cleansing with polyethyl-
ene glycol) with CT colonography performed after 
faecal tagging. In the latter case CT colonography 
was not performed the day of incomplete colonos-
copy. In the group of patients prepared with faecal 
tagging, there was significantly less residual fluid. 
This resulted in a statistically significant improve-
ment of the colonic distension. Furthermore faecal 
tagging was efficient in all patients. Following these 
results we developed the following strategy. As the 
advantages of using intravenous contrast outweigh 
the advantages of faecal tagging in case of known 
tumoral pathology (staging), CT colonography is 
performed with IV contrast immediately after the 
incomplete optical colonoscopy without any addi-

Fig. 4.3. Despite the large obstructing tumour in the trans-
verse colon near the splenic fl exure (white arrows), the 
proximal colon is clean (black arrowheads). There is a large 
stalked polyp in the sigmoid covered by a thin barium layer 
(white arrowhead). Ultra-low dose on a 64-slice scanner: 
140 kV – 10 mAs
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tional preparation. However, if the incomplete opti-
cal colonoscopy is related to a dolichocolon, redun-
dancy, etc. we use faecal tagging because in these 
patients optical colonoscopy will probably never be 
complete and we want to perform CT colonography 
under the best conditions as possible in order to give 
correct advice on eventual surveillance or surgery 
whenever necessary.

4.5 
Imaging Findings

4.5.1 
Reading the Data Sets

After scanning the patient the images are sent to 
a dedicated workstation with regular endoluminal 
software. Although possible (Pickhardt and Choi 
2003) it is important to stress that no dedicated 
software (stool subtraction) is needed to read and 
interpret the tagged data sets adequately. Reading is 
performed using a primary 2D read with 3D problem 
solving method (Dachman et al. 1998) (Fig. 4.4). In 
case of a clean colon, primary 3D read is possible. 
However if the colon is not clean, the residual stool 
causes a pseudopolypoid image on 3D and 2D prob-
lem solving is necessary (Fig. 4.5). In 2D render-
ing we read the data sets using lung window (W/L: 
1500/–200 H.U.) and soft tissue (W/L: 400/100 H.U.) 

settings. In case the tagged residue has a high density 
it is advisable using additional bone window settings 
(W/L: 3500/400). This will improve visualisation of 
a negative filling defect in the tagged residue. The 
negative filling defect can be an anatomic structure 
or a lesion. This is particularly helpful in the case 
of dense residue (Fig. 4.6).

4.5.2 
Stool Tagging

4.5.2.1 
Tagged Stool

With faecal tagging the residual stool appears as 
a bright hyperdense or white spot or mass in the 
colonic lumen with or without air inclusion (Fig. 4.7). 
This bright stool almost lights up when scrolling 
through the 2D images simplifying interpretation as 
there is no likelihood of mistaking it for a lesion. In 
that way the time consuming comparison between 
supine and prone position to detect an eventual 
change in location of the residual stool becomes 
superfluous. This shortens the reading time con-
siderably, avoids false positives and improves polyp 
conspicuity because of the improved contrast differ-
ence between the non-tagged lesion and the tagged 
stool. When reading the tagged data sets, looking 
for non-tagged “material” is imperative. This non-
tagged material is highly suspicious and should be 

Fig. 4.4.a Stalked polyp in the sigmoid (white arrow) with some tagged fl uid (black arrowheads). b Corresponding endoluminal 
view showing the head of the polyp (white arrow)

a b
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Fig. 4.5.a Coronal reformatted image of the transverse colon. Yellow open triangle shows the virtual camera looking in the 
transverse colon near the hepatic fl exure. b Corresponding 3D view shows pseudopolypoid lesions caused by the tagged residue 
(arrowheads)

a b

a b

c

Fig. 4.6a–c. Axial image of the ascending colon displayed in different W/
L settings and showing tagged residue with a very high density of 2717 
H.U.: a soft tissue settings (W/L 400/10). The semicircular fold (arrow-
head) is only faintly seen; b lung window settings (W/L 1500/–200). Slightly 
improved visualisation of the semicircular fold; c bone window settings 
(W/L 3500/400) with very good visualisation of the semicircular fold allow-
ing detailed inspection
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Fig. 4.7a,b. Examples of stool tagging (arrow and arrowheads). Confusion with a true lesion is excluded. No comparison between 
supine and prone images is necessary to exclude a lesion

a

b

considered a lesion unless it has the specific charac-
teristics of residual stool (Fig. 4.8). Even in the case 
of an obvious change in position between supine 
and prone position, a polyp has to be excluded. In 
fact polyps with a long stalk may show a consid-
erable change in location with dual positioning. A 
similar lesion was mistaken as stool and caused a 
false negative (one of the two missed lesions >1 cm) 
in the landmark study of Fenlon et al. (1999). The 
density of the tagged stool varies between 100 and 
3000. H.U. It is striking that there is a wide intra- and 
inter-patient variability. There is no apparent reason 
to explain this variability.

Fig. 4.8. Patient with right sided sigmoid. There is tagged stool 
(arrowhead). There is also non-tagged “material” (arrow). This 
should be considered a lesion unless the contrary is proved. A 
correct diagnosis of an 8-mm sessile polyp was made

As with optical colonoscopy, tagged stool fre-
quently abuts a lesion. This makes polyps more con-
spicuous for detection (Figs. 4.8, 4.9, and 4.10). In 
these cases polyp conspicuity is improved using soft 
tissue settings.

4.5.2.2 
Non-Tagged Stool

In a minority of cases a small amount of stool 
remains non-tagged.

4.5.2.2.1 
Non-Tagged Stool <6 mm

Non-tagged stool <6 mm is too small too cause 
any concern as it is generally accepted that polyps 
<6 mm do not need to be removed. Hence pseudopol-
ypoid lesions <6 mm caused by non-tagged residual 
stool should not be taken into consideration. This 
non-tagged stool appears as pinpoint filling defects 
abutting the colonic wall or is frequently floating 
in barium pools without touching the colonic wall 
(Fig. 4.11).

4.5.2.2.2 
Non-Tagged Stool >6 mm

In our experience non-tagged stool >6 mm is present 
in 3–5% of segments. Mostly it presents as one or two 
non-tagged stool balls completely surrounded by 
some barium or floating in barium pools (Fig. 4.12). 
This stool may also present with the typical imaging 
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Fig. 4.9.a Small amount of barium abutting a lesion (arrow-
head) in the sigmoid and hence improving polyp conspicu-
ity. b Improved depiction of the lesion in soft tissue settings. 
c The prone view shows a partially collapsed sigmoid. The 
barium again delineates the lesion improving visualisation 
(white arrow)

a

c

b

Fig. 4.10.a Supine view of the sigmoid in lung window set-
tings (W/L 1500/–200) showing a stalked polyp abutting the 
colonic wall, surrounded by a barium layer (white arrow). b 
Same image in soft tissue settings (W/L 400/100) showing 
improved conspicuity of the lesion. c The prone acquisition 
shows the corresponding segment is collapsed. The lesion is 
still visible as a negative fi lling defect as it is surrounded by 
tagged fl uid (white arrowhead)

b

a

c
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inclusion; 4) having a hooked appearance; 5) having 
no attachment to the colonic wall.

Mostly this non-tagged stool does not cause 
any diagnostic problems. In a recent study of 180 
patients (Lefere et al. 2005) using this preparation 
no false positives were caused by non-tagged stool 
(see Sect. 4.6, Results).

4.5.3 
Fluid Tagging

Tagged fluid typically is hyperdense or white. This 
enables visualisation of the colonic wall through the 
fluid on the 2D images and solves the issue of the 
drowned segment. In fact semicircular folds as well as 
tumoral lesions appear as negative filling defects in the 
fluid (Fig. 4.13). This avoids false negative findings. 
When tagged fluid is present in a collapsed segment, 
a lesion can sometimes be distinguished as a negative 
filling defect (Figs. 4.14 and 4.15). The semicircular 
folds show their typical appearance fading out in the 
colonic wall when scrolling through the axial slices 
(Fig. 4.15). Using the preparation as described above, 
the colon is quite dry. Fluid is detected in about 40% 
of segments. In most segments this fluid covers less 
than 25% of the colonic lumen on the axial slices. 
The density of the fluid is lower when compared with 
stool tagging and varies between 100 and 1000 H.U. 

Fig. 4.11.a Supine view of the rectosigmoid showing tiny non-tagged residue in the rectum (white arrowhead) and sigmoid 
(open black arrowhead). This stool is too small to cause any diagnostic problem. b Ultra low dose scan (64-slice) showing 
tagged fl uid level with fl oating non-tagged 6-mm residue (arrow). There is no contact with the colonic wall, so no confusion 
with a polyp is possible

a b

Fig. 4.12. Non-tagged stool >1 cm in the sigmoid (arrow). This 
non-tagged material shows the characteristics of non-tagged 
stool: completely surrounded by barium, hooked appearance, 
some minute air inclusions

findings of stool as seen with regular preparations 
without faecal tagging: 1) moving to the dependent 
part of the colon with dual positioning; 2) presenting 
with an air inclusion; 3) presenting with a hyper-
dense peripheral ring and central hypodensity or air 
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a

b

Fig. 4.13a,b. Fluid tagging in: a soft tissue; b bone 
window settings. The bone window setting enables 
visualisation of the colonic wall and semicircular folds 
(arrowhead) through the dense fl uid

a b

c

Fig. 4.14.a Supine image of the ascending colon obtained at ultra low dose 
(64-slice) showing sessile 8-mm polyp (black arrow). b Prone view shows 
the lesion covered by fl uid. Because the fl uid is tagged the lesion appears as 
a negative fi lling defect (arrow). c The sagittal reformatted image confi rms 
this fi nding (arrow). This image shows different densities of tagged fl uids 
in the same patient (white arrowheads)
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The density of this fluid also shows intra- and inter-
patient variability (Fig. 4.14).

To assess the efficacy of fluid tagging with barium 
as the sole tagging agent we reviewed 200 patients. 
The residual fluid was evaluated on the axial slices 
according to its proportion to the maximal antero-
posterior diameter of the segment of the colon where 
it was detected. In this way four different groups 
were generated: 0%, <25%, 25–50%, >50%. There 
was residual fluid in 43.9% of segments. In 14.8% of 
segments there was non-tagged fluid. However this 
fluid covered less than 25% of the colonic lumen on 
the axial slices in 12% of segments being 79.5% of 
segments with non-tagged fluid. Entire visualisation 
of the colonic wall was obtained in all patients as 
the non-tagged fluid nicely redistributed with dual 
positioning (i.e. supine-prone scanning) (Fig. 4.16).

4.5.4 
Miscellaneous Findings

4.5.4.1 
Mucous Filaments

Mucous filaments appear as thin threadlike struc-
tures crossing the colonic lumen or lying upon one 

or more semicircular folds. They can occur after 
a preparation without or with faecal tagging. In 
the latter case these filaments can be tagged or 
non-tagged. They can changed in shape with dual 
positioning. However they may simulate the stalk 
of a polyp. It is important not to misinterpret it 
as a polyp and vice versa. In the latter case they 
are not connected to the head of a polyp. However 
sometimes the mucous filament is attached to a 
semicircular fold simulating the head of a polyp on 
2D images (Fig. 4.17). Care has to be taken not to 
misinterpret a polyp with a thin stalk as a mucous 
filament (Fig 4.18).

4.5.4.2 
Foam

Faecal residue with a foamy appearance is mostly 
detected in the cecum or ascending colon. It 
appears as an amorphous inhomogeneous mix-
ture mostly of air bubbles and stool. They occur 
in both preparations without and with faecal 
tagging. In the latter case the foam is tagged or 
non-tagged. This foam may distract the reader’s 
attention or cover a lesion making detection dif-
ficult (Fig 4.19).

Fig. 4.15.a Ultra low dose scan (64-slice). Supine view of the rectum showing an 8-mm sessile polyp on the anterior border above 
a small level of tagged fl uid, besides the fi rst valve of Houston (black arrows). The valve of Houston is visible in the fl uid as a 
linear fi lling defect. Small non-tagged residue in the fl uid (open black arrowhead). c Corresponding endoluminal view. Despite 
the ultra low dose there are no streak artefacts. The polyp is easy to detect (black arrow) besides the fi rst valve of Houston 
(black arrowheads)

a b
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Fig. 4.16.a Non-tagged fl uid covering 25–50% of the colonic lumen at the hepatic fl exure in supine position (white arrows). 
Tagged residue in the fl uid (open black arrowhead). b In the prone position the fl uid is redistributed to the anterior part of the 
hepatic fl exure (white arrowheads) and the transverse colon (black arrowhead) enabling complete visualisation of the colonic 
wall. Tagged residue is visible (black arrow)

a b

Fig. 4.17.a Supine view of the transverse colon showing a mucous fi lament (white arrowhead) attached to a prominent semicir-
cular fold (white arrow), mimicking a stalked polyp. Some partially tagged foam (black arrowhead). b Corresponding endolu-
minal view showing the fi lament mimicking the stalk of a polyp (white arrows). The fi lament has an irregular shape. The foam 
is also visible (black arrows)

a b

Fig. 4.18.a Polyp with a small stalk in the descending colon (white arrows). b Corresponding endoluminal view showing the 
stalk (white arrows) and the head (white arrowhead) of the polyp

a b
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4.6 
Results

Several studies using a preparation based on faecal 
tagging have been performed. The results of polyp 
detection of these studies are listed in Table 4.1.

Thomeer et al. (2003) examined 150 patients 
and performed colonic cleansing using 3–5 L of an 
electrolyte solution on the day of CT colonography. 
Faecal tagging was obtained with 90–150 ml of iodi-
nated contrast. As they were starting CT colonogra-
phy in their department the results of polyp detec-
tion were clearly influenced by the learning curve. 
They divided the study group into 2 groups of 75 
patients each. Sensitivity was clearly better in the 
second group of patients.

Pineau et al. (2003) prepared patients the day 
before CT colonography combining a double dose of 
oral sodium phosphate (2×45 ml) with 30 ml of iodine 
and obtained good results of polyp detection.

Lefere et al. (2002) and Lefere and Gryspeerdt 
(2005) have performed two feasibility studies with 

Table 4.1. Table showing the results of polyp detection on a 
per patient basis

n patients >6 mm >1 cm

Thomeer et al. (2003) 1–75
75–150
All (150)

56%
80%
64%

50%
100%
91.7%

Pineau et al. (2003) 205 84% 90%
Lefere et al. (2002) 50 92% 100%
Lefere et al. (2005) 180 88% 100%
Pickhardt et al. (2003) 1233 89% 94%

Fig. 4.19.a Non-tagged foam with some tiny tagged residue besides a possible sessile polyp (black arrowhead) in the ascending 
colon (supine view). b Corresponding prone view: the foam has moved to the anterior border of the ascending colon (white 
arrow). The sessile lesion remains unchanged (black arrowhead) and should be considered a sessile polyp. The lesion was 
confi rmed on optical colonoscopy

a b

faecal tagging testing barium as the sole tagging 
agent. In a first study 50 patients were prepared with 
the low residue diet and the mild cathartic cleansing 
as described above. Faecal tagging was obtained with 
3×250 ml of a 2.1% w/v barium suspension. In the 
second study 180 patients underwent faecal tagging 
with a 40% w/v barium suspension. In both studies 
good results of polyp detection were obtained.

Last but not least, Pickhardt et al. (2003) 
obtained the best results of polyp detection to date 
with virtual colonoscopy in a large cohort of 1233 
asymptomatic patients. The day before CT colonog-
raphy they combined a clear liquid diet with a double 
dose of oral sodium phosphate and two bisacodyl 
tablets. Faecal tagging was performed with 2×250 ml 
of a 2.1% w/v barium suspension and 60 ml of Gas-
trografin. Excellent results of polyp detection were 
obtained.

The American Food and Drug Administra-
tion (FDA 2001) considers the double dose of oral 
sodium phosphate as an off-label use and warns not 
to exceed the recommended 45 ml dose. It says that 
people at increased risk for electrolyte disturbances 
(e.g. congestive heart failure, renal insufficiency, 
dehydration) may experience serious adverse effects 
using oral sodium phosphate. They advise obtaining 
baseline serum electrolyte values in patients ingest-
ing more than 45 ml of oral sodium phosphate in 
a 24-h period in order to avoid serious electrolyte 
problems.

Pickhardt (Hinshaw et al. 2005) now uses two 
bisacodyl tablets and a single dose of oral sodium 
phosphate as cathartic cleansing combined with 
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250 ml of the 2.1% barium suspension and 60 ml of 
Gastrografin to prepare the patients for CT colonog-
raphy.

4.7 
The Future: Laxative-Free CT Colonography

4.7.1 
Principles

As with faecal tagging more residue can be left over 
in the colon without decreasing the accuracy of 
polyp detection, performing CT colonography after 
a preparation without cathartic cleansing is the 
obvious next step. Indeed, eliminating the need for 
cathartic cleansing prior to CT colonography would 
dramatically increase the adherence of an asympto-
matic patient population to a colon cancer screening 
program (Rex 2000). This method has been called 
laxative-free CT colonography (Lefere et al. 2004). 
Several methods have been developed. These meth-
ods are based upon faecal tagging and are still at 
the research stage. A truly prepless method (i.e. no 
diet, no faecal tagging and no cathartic cleansing) 
has not yet been developed.

4.7.2 
Results

Callström et al. (2001) performed laxative-free 
CT colonography without dietary restrictions in 58 
patients. Faecal tagging was obtained with a com-
bination of iodine and barium administered over 
one or two days. The best results of tagging were 
obtained by combining 6×225 ml of a 2.1% w/v 
barium suspension and 1×225 ml dilute diatrizoate 
meglumine and diatrizoate sodium. All residue with 
a density >150 H.U. was electronically labelled. In 
that way a 100% sensitivity for lesions >1 cm was 
obtained (5/5 lesions).

Lefere et al. (2004) performed laxative-free CT 
colonography in 15 patients combining the dedi-
cated low residue diet as described above and a 
hydration regimen prescribed over one day and 
barium as tagging agent administered over one 
or two days. The hydration regime allowed the 
patients to drink a maximum of 2 L the day before 
CT colonography. The purpose was to obtain a dry 
colon with a reduced volume of residue by obtaining 
a balance between the fluid ingested by the patient 

and the fluid absorbed in the human body. Good 
results of tagging were obtained with 50–86 ml of 
a 40% w/v barium suspension. Unfortunately there 
was only one 8-mm polyp in this group of patients. 
This polyp was detected on CT colonography.

Iannaccone et al. (2004) examined success-
fully 203 patients with laxative-free CT colonogra-
phy. They performed faecal tagging over two days 
with a total of 200 ml of diatrizoate meglumine and 
diatrizoate sodium. The patients were also on a low 
residue diet for two days. They obtained very good 
results of polyp detection: 86% for lesions >6 mm 
(79 lesions), 95.5% for lesions >8 mm (45 lesions), 
100% for lesions >1 cm (24 lesions).

In these three studies primary 2D read was per-
formed. Adequately reading and interpreting the 
data sets is an arduous task and needs a lot of expe-
rience as with laxative-free CT colonography more 
residue is present in the colon. For the same reason 
primary 3D read is impossible. To do so the faecal 
residue has to be removed or subtracted using dedi-
cated software.

4.8 
Conclusion

Faecal tagging is a feasible alternative to regular 
preparations. Up to now the best results of polyp 
detection were obtained using faecal tagging. There-
fore faecal tagging is now advocated by an increas-
ing number of investigators as the method of choice 
to prepare the colon for CT colonography. There are 
no problems with residual stool mimicking polyps 
and fluid hampering inspection of the colonic wall. 
Because of the contrast created between the tagged 
residue and the non-tagged lesion there is improved 
polyp conspicuity. It is also possible to improve 
patient compliance by reducing the cathartic part of 
the preparation. Barium can be used as the sole tag-
ging agent simplifying the procedure and decreas-
ing the side effects.
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from a recent large prospective multicentre trial of 
CT colonography (Rockey et al. 2005; Paulson et al. 
2004) found suboptimal distension, along with poor 
preparation, was implicated as a contributing factor 
in 16 of 28 (57%) false negative examinations.

Several strategies have been shown to improve 
distension, the most notable being dual patient 
positioning (i.e. prone and supine scanning). Use of 
faster multi-detector row scanners and administra-
tion of intravenous spasmolytics (see section below) 
may also help. However, despite these strategies, 
suboptimal distension is unfortunately frequently 
encountered in day-to-day clinical practice.

Unlike bowel purgation, which is largely deter-
mined by intrinsic patient-related factors such as 
compliance and bowel transit time, colonic disten-
sion is greatly influenced by the colonographic prac-
titioner present at the time of examination. Distend-
ing the colon may at first appear a relatively simple 
and trivial procedure and, intuitively, skills acquired 
for barium enema should be easily transferable to CT 
colonography. However, the colonographer is dis-
advantaged. Unlike barium enema, where real time 
fluoroscopic screening is utilized to ensure satisfac-
tory segmental distension, colonic insufflation prior 
to CT colonography is not performed under direct 
visualisation: A scout view must suffice. As a result, 
inadequate distension may only be fully appreciated 
once full data acquisition is complete. Furthermore, 
the aim for CT colonography is not simply adequate 
inflation but optimal distension, preferably with 
‘pencil-thin’ wall and haustral folds. Colonic neopla-
sia is generally better seen when the colon is well dis-
tended, a statement that holds true for both primary 
2D and 3D analysis (Pickhardt 2004). Indeed, ses-
sile and flat lesions with minimal protrusion into the 
lumen or causing subtle focal wall thickening may be 
invisible without optimal distension.

The purpose of this chapter is to provide an evi-
dence-based review of strategies and techniques 
intended to safely optimise colonic distension, and 
to draw readers’ attention to current areas of con-
troversy.
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5.1 
Introduction

The importance of achieving optimal colonic disten-
sion prior to CT colonography cannot be overstated, 
and the editors have justifiably devoted an entire 
chapter to the subject. Optimal luminal distension 
enables the reader to rapidly and confidently assess 
the colon, and undoubtedly improves diagnostic 
accuracy (Chen et al. 1999; Fletcher et al. 2000; 
Yee et al. 2003). Conversely inadequate disten-
sion may obliterate the colonic lumen and results 
in wall/haustral fold thickening (Fig. 5.1) thereby 
variously hiding or mimicking colorectal neopla-
sia (Fig. 5.2a,b) (Fletcher et al. 1999; Macari et 
al. 2001; Fenlon 2002). Interpretation times are 
increased when the colon is poorly distended but 
of greater importance is the potential to miss sig-
nificant colonic pathology (Fig. 5.3a–c), occasion-
ally rendering the examination non-diagnostic (i.e. 
necessitating requiring repeat examination or endo-
scopic referral) and sometimes frankly misleading. 
For example a review of missed significant lesions 
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Fig. 5.2a,b. Supine and prone axial images of a 64-year-old man, obtained using a four multi-detector row scanner, demonstrating 
the diagnostic dilemma posed by inadequate distension and the benefi t of dual scan positioning: a the supine scan demonstrates 
a possible cancer in the sigmoid colon (arrows) with a collapsed recto-sigmoid colon (arrowhead); b in contrast, the prone 
scan, in which optimal distension is achieved, reveals the area of concern in the sigmoid is normal (arrows) but a rectosigmoid 
cancer is revealed (arrowhead) (courtesy Drs A Laghi and R. Iannaccone)

a b

Fig. 5.1. A poorly distended sigmoid colon (arrows) resulting 
in bulbous haustral folds on this supine scan demonstrates 
how inadequate distension can thwart confi dent and time 
effi cient interpretation. Subsequent optical colonoscopy was 
unremarkable

5.2 
Patient Preparation

Although less invasive than endoscopic procedures, 
like any medical investigation, CT colonography 
undoubtedly generates a degree of apprehension. As 
for barium enema, patients should be fully appraised 

of what is going to happen and what is required of 
them (Rubesin et al. 2000). A simple, easily under-
stood description of the examination should ideally 
be made available in advance, followed by a brief 
reminder just before the examination itself. An appro-
priate discussion will prepare patients for rectal cath-
eter insertion, the feeling of abdominal bloating, and 
potential mild discomfort due to retained gas. Prior 
to entering the CT scanner room, patients should be 
encouraged to empty their bowel for a final time.

Once the patient is ready and lying on the CT 
scanner table, a suitably qualified practitioner may 
choose to perform a rectal examination. This may 
be helpful for several reasons; detecting an occlusive 
tumour will avoid a potentially difficult and unsafe 
rectal catheter insertion and anal sphincter tone can 
be assessed quickly, which may influence the choice 
of catheter or method of insufflation. Digital rectal 
examination may also aid subsequent interpretation 
which can be particularly challenging in the rectum 
due to the frequent presence of haemorrhoids and 
redundant rectal mucosa. Despite these advantages, 
rectal examination may not always be appropriate, 
particularly for an asymptomatic screening popu-
lation. One compromise is to only perform a rectal 
examination in patients with symptoms of rectal 
cancer, such as rectal bleeding or in those suspected 
of having poor anal tone (see section below).
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5.3 
Colonic Insufflation Methods

Colonic distension prior to CT colonography entails 
gently administering gas (air or carbon dioxide) via 
a rectal catheter using either manual or automated 
insufflation techniques. Both gases and insufflation 
methods are widely used and all have their advo-
cates; some favour the least expensive and simplest 
method, i.e. room air insufflation by manual com-
pression of a plastic insufflator bulb, while others 
prefer carbon dioxide delivered by automated insuf-
flation devices. Until recently, there has been a lack 
of objective evidence to recommend one method 
over another but there is now data emerging that 
will help to guide future practice (Burling et al. 
2005; Rogalla et al. 2004a,b; Yee et al. 2002).

5.3.1 
Manual Insufflation

The easiest and cheapest method for distending the 
colon is to use room air, insufflated via a hand held 
plastic bulb. Typically patients lie on the CT scan-
ner table in a left lateral position facing away from 
the operator. A lubricated rectal catheter attached 
to an insufflator bulb via a connecting tube is then 
inserted into the rectum and taped to the patient’s 
buttocks. The patient is encouraged to retain any 
gas and avoid passing flatus by clenching the anal 
sphincter. Colonic insufflation is then performed by 
gently and intermittently squeezing the plastic bulb 
typically over a period of 1–2 min. In contrast, rapid 
successive squeezes can cause discomfort and may 
precipitate rectosigmoid spasm (Rubesin et al. 2000) 

Fig. 5.3.a A 12-mm rectosigmoid polyp in a 69-year-old woman is 
diffi cult to detect as it lies partially submerged in fl uid (arrow). 
b Unfortunately it is concealed on the supine acquisition due to 
segmental collapse (arrows). c However, the volume rendered endo-
luminal display confi rms its presence (arrows)

a b

c
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Insufflation is continued until the operator believes 
the colon is optimally distended; most experts judge 
this by noting patient tolerance (Barish et al. 2005), 
stopping when the patient feels uncomfortable or 
bloated. In the presence of a competent ileocecal 
valve, this generally occurs following the introduc-
tion of approximately 2 l of gas, usually after 30–40 
compressions (Morrin et al. 2002; Macari 2004). 
Limiting insufflation to a fixed volume or number 
of bulb compressions is not recommended because 
individual patients’ colonic volume and tolerance 
are variable. Some experts advise repositioning the 
patient part way through insufflation into either 
the prone or the supine position (Chen et al. 1999; 
Taylor et al. 2003), depending on which scan acqui-
sition is performed first (see below), for example 
first filling the non-dependant right colon in the 
lateral decubitus position and then the remaining 
distal colon after repositioning. Assessment of right 
sided filling by abdominal palpation is also anecdo-
tally recommended.

Once initial colonic insufflation is deemed suf-
ficient, a standard prone or supine CT scout image is 
acquired in order to assess the degree of distension 
and patient positioning. The sigmoid colon is typi-
cally the most difficult segment to distend optimally, 
and distension adequacy is often difficult to assess 
on the scout image due to overlapping loops in the 
anteroposterior plane. If suboptimal distension is 
encountered or doubt persists, the authors recom-
mend additional insufflation prior to CT acquisi-
tion, repeating the scout image if necessary. Once 
the first scan acquisition is performed (and assum-
ing a second is planned: see section below), the rectal 
catheter is left in situ and the patient repositioned. 
Once repositioned, and providing the patient is 
comfortable, the authors suggest further insuffla-
tion with approximately ten bulb compressions. We 
do not recommend insufflation while the patient 
is turning as this tends to precipitate anal leakage. 
Some workers advocate removing the rectal tube 
at this point because it may theoretically obscure 
rectal pathology. A repeat scout image is then per-
formed routinely prior to the second CT acquisition 
(prone or supine) but patients rarely require addi-
tional insufflation following this (unless anal incon-
tinence is present).

The ease and simplicity of this method is such 
that some patients can effectively insufflate their 
own colon using the hand held bulb (Pickhardt et 
al. 2003). However, success will depend greatly on 
the patient population concerned, and this approach 
requires well motivated individuals, perhaps more 

applicable to a younger screening population 
(Pickhardt et al. 2003).

A standard enema bag filled with approximately 
3 l of gas is an alternative to the plastic bulb insuf-
flator (Fig. 5.4), and has the additional advantage of 
permitting manual insufflation of carbon dioxide. 
The bag (filled with air or carbon dioxide via a gas 
cylinder) is sealed with a plastic clip and attached 
to a rectal catheter via a connecting tube. Once the 
rectal catheter is in-situ, the clip is released and the 
bag is gently compressed over 2–3 min, insufflat-
ing the colon. Gentle insufflation improves patient 
tolerance and ultimately allows greater volumes of 
gas to be administered. If the bag is empty and more 
gas required, then the plastic seal can be opened and 
room air introduced.

Carbon dioxide may also be insufflated directly 
from a gas cylinder via a tube with side hole for dig-
itally controlling volume and pressure (Rogalla 
et al. 2004a). Clearly the pressure of insufflated gas 
must be carefully controlled using this method.

5.3.2 
Automated Insufflation

Automated insufflation devices are now widely uti-
lised across Europe and the US, despite the addi-
tional equipment costs. Advocates suggest that 
insufflating carbon dioxide at controlled flow rates 
and pressures is convenient for the operator, and 
improves distension and patient compliance.

Early experience comparing a crudely modified 
laparoscopic insufflator to manual bulb insufflation 
of room air showed equivocal effects on luminal dis-
tension (Ristvedt et al. 2003). More recently, two 

Fig. 5.4. Standard enema bag containing approximately 3 L of 
carbon dioxide for manual insuffl ation
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studies (Yee et al. 2002; Iafrate et al. 2004) com-
pared specifically designed automated CO2 insuffla-
tion devices with manual insufflation of room air. 
The first showed a modest improvement in disten-
sion using automated insufflation, particularly in 
the left colon (Yee et al. 2002). The second showed 
the insufflation methods were equivocal for luminal 
distension but that examination times were signifi-
cantly longer (although less ileal reflux was encoun-
tered) using the automated device (Iafrate et al. 
2004). These data might suggest that only a modest 
benefit, if any, is derived from using an automated 
device. However, one significant advantage of auto-
mated insufflation is that administration has been 
specifically designed for use with carbon dioxide. 
As discussed below, there is good evidence from the 
colonoscopic and barium enema literature that dem-
onstrates greater patient comfort when using carbon 
dioxide compared to air, because of its relatively 
rapid absorption by the colonic mucosa (Grant 
et al. 1986; Church and Delaney 2003). Recent 
evidence also suggests that automated insuffla-
tion produces significantly better distension when 
compared to manual insufflation of carbon dioxide, 
again particularly in the left colon (Burling et al. 
2005; Rogalla et al. 2004a).

At the time of writing, the authors are aware of 
only one commercially available device specifically 
designed for colonic insufflation (Fig. 5.5, Protocol 
colon insufflation system, E-Z-EM Inc, Westbury, 
NY, USA). This system electronically controls the 
flow rate of carbon dioxide increasing over time in a 
step wise fashion from 1 to 3 L/min to prevent spasm 
(1 L/min for the first 0.5 L, 2 L/min from 0.5 to 1.0 L, 
and then 3.0 L/min thereafter). The total volume of 
gas administered is displayed continuously and, if 
intracolonic pressure (measured at the rectal cath-
eter tip) increases beyond the limit set by the user 
(up to a maximum of 25 mm Hg), the system auto-
matically shuts down to prevent further insufflation 
and so reduces the risk of colonic perforation. In 
the latest version, insufflation automatically ceases 
when a total of 4 L of gas have been administered 
and then for every 2 L administered beyond this. 
To recommence insufflation, the operator needs to 
manually override this additional safety feature by 
pressing the start button.

The company’s recommended technique is to 
insufflate the patient in the supine position. The 
pressure limit is set at 15 mm Hg initially, increas-
ing to 25 mm Hg depending upon patient tolerance. 
Three litres of carbon dioxide are instilled (again 
dependent on patient tolerance), at which point the 

patient is asked if they feel gas on the right side of 
their abdomen – if not, insufflation is continued 
until they do, or until they feel uncomfortable. A 
CT scout is then performed to confirm adequate 
distension prior to data acquisition. For the prone 
acquisition, propping up the patient’s chest with a 
pillow or foam wedge helps to optimise distension 
of the transverse colon. The authors use a slightly 
modified technique (described below), setting the 
pressure limit at 25 mm Hg initially and pausing 
insufflation if the patient becomes uncomfort-
able. In our experience, the volume of gas admin-
istered during automated insufflation varies widely 
between patients (for example between 2.6 and 
8.0 L with a median of approximately 4 L). Larger 
volumes are occasionally necessary, mostly due to 
anal incontinence, small bowel reflux and colonic 
redundancy, but are paradoxically associated with 
significantly poorer distension. Clearly these indi-
viduals are a challenging group to distend optimally 
and although the total volume of insufflated gas is a 
useful guide to the eventual adequacy of distension, 
practitioners should not limit their insufflation 
merely according to the volume insufflated. Inter-
estingly, we have found no demonstrable learning 
curve using the automated device, suggesting that 
once familiar with the device’s controls, practition-
ers can independently achieve satisfactory results 
despite little prior experience.

5.4 
Carbon Dioxide or Air?

As mentioned above, many practitioners promul-
gate carbon dioxide as superior to air, largely based 
on barium enema and colonoscopy literature, which 

Fig. 5.5. Automated colonic insuffl ator, connected to a thin 
rectal catheter, displaying the intraluminal rectal pressure and 
total volume of carbon dioxide administered
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suggests it causes less discomfort because of its rapid 
mucosal absorption (Grant et al. 1986; Church 
and Delaney 2003). A recent study (Iafrate et 
al. 2004) also showed improved patient tolerance 
using automated carbon dioxide administration vs 
manually administered room air, although it is not 
clear whether the benefit was derived from using 
the automated device or carbon dioxide gas. Using 
a validated patient satisfaction questionnaire, the 
authors recently compared automated vs manual 
carbon dioxide insufflation and found virtually no 
difference between the two methods (Burling et al. 
2005), suggesting that in the study by Iafrate et al. 
(2004), the use of carbon dioxide gas was the most 
important factor. An additional advantage of rapid 
mucosal absorption is that it significantly reduces 
the technical difficulties associated with a distended 
colon when performing colonoscopy immediately 
after CT colonography.

The choice of insufflated gas is ultimately depend-
ent on the preference of the individual practitioner. 
Patients probably prefer carbon dioxide but the 
administration is relatively complicated and more 
expensive than bulb insufflation of room air. In a 
recent survey of international experts asked which 
gas they would advocate, 50% expressed no prefer-
ence at all (Barish et al. 2005). Of the remainder, 
two-thirds preferred carbon dioxide over air.

5.5 
Choice of Rectal Catheter

There is wider scope for using more flexible and 
thinner catheters during CT colonography com-
pared to barium enema because of the requirement 
to transmit only gas and because the consequences 
of anal incontinence are less dramatic. The choice of 
rectal catheter will mainly depend on local availabil-
ity, method of insufflation, and individual patient 
but there is some evidence suggesting that thin tubes 
are adequate for most circumstances.

Perhaps the simplest catheter is a thin plastic or 
rubber tube, for example a standard 14F rectal tube 
(Jacques Nelaton rectal catheter; Rusch, Bucks, UK) 
or a Foley catheter. The former was shown to be 
as effective as a standard inflatable rectal balloon 
catheter (Trimline DC; E-Z-EM, Westbury, NY) for 
achieving adequate distension (Taylor et al. 2003). 
Alternatively, the Foley catheter is almost ubiquitous 
and can be used effectively when attached to a bulb 
insufflator. The soft tip allows safe insertion and it 

has a relatively small inflatable balloon, which can 
be used to assist continence if necessary.

Routine use of an inflated rectal balloon cath-
eter is discouraged for barium enema following evi-
dence that the risk of rectal perforation is increased 
(Blakeborough et al. 1997), usually due to tearing 
the rectal wall either during insertion of the stiff 
catheter or due to the radial force applied by inflat-
ing the balloon. This also likely holds true for CT 
colonography, not least because insufflation of the 
balloon cannot be performed under fluoroscopic 
control. Most experts recommend choosing the 
most appropriate catheter according to an individu-
al’s requirements; for example, most patients can be 
optimally scanned using a thin, flexible rectal tube 
whereas those with anal incontinence may require 
judicious use of an inflated rectal balloon catheter. 
In the latter situation, most complications can be 
avoided by performing a rectal examination (see 
section above), careful catheter insertion and gentle 
balloon inflation. 

Automated insufflation systems demand spe-
cific tubes which are designed to simply plug into 
the front of the device. Even here there is a choice 
of both standard larger bore balloon catheter and 
the slimmer so-called paediatric tip. In our experi-
ence, insertion of the larger catheters is, for many 
patients, the most uncomfortable part of the study. 
In response to this, the manufacturers have recently 
developed thin balloon catheters.

Some groups advocate removing the tube for the 
second acquisition to enhance patient comfort and 
to facilitate subsequent rectal assessment. However, 
this issue is much less relevant with thin catheters. 
Even if using larger catheters, the advantage of being 
able to insufflate additional gas likely outweighs any 
potential benefit of early removal.

5.6 
Single vs Multidetector-row Scanners

Multidetector row scanners allow considerably 
reduced scan times, facilitating single breath hold 
studies for the majority of patients. As a consequence, 
image misregistration is practically eliminated and 
respiratory artefact significantly reduced (Hara 
et al. 2001). Moreover, distension also seems to be 
improved with a study by Hara et al. (2001) showing 
that suboptimal distension in at least one colonic 
segment was significantly more common with single 
detector row CT (40 of 77 patients, 52%) compared 
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to multi-detector row CT (26 of 160 patients, 19%). 
This finding was presumably because patients do 
not have to retain the gas for as long and mucosal 
absorption is less critical.

5.7 
Patient Positioning

Despite unanimous consensus in favour of dual 
position scanning amongst 27 international experts 
in 2003 (Barish et al. 2005), a minority still prom-
ulgate single position scanning.

However, the evidence in support of dual position 
scanning is strong (Yee et al. 2003; Fletcher et al. 
2000; Chen et al. 1999; Morrin et al. 2002). These 
studies have found that colonic segments obscured 
by either faecal residue/fluid or poor distension will 
be revealed by redistribution in the complementary 
position; for example, the rectum is usually opti-
mally distended with the patient lying prone while 
the transverse colon is usually best distended on the 
supine acquisition since it is least dependent in this 
position. Unsurprisingly, improved segmental visu-
alisation significantly increases polyp detection. An 
early study (Chen et al. 1999) using manual insuffla-
tion to distend the colon with room air, showed the 
majority of colonic segments (59%) were inadequately 
distended if only one acquisition (prone or supine) 
was assessed. However when data from both acqui-
sitions were combined, a large majority of segments 
(87%) were adequately distended and polyp detection 
rates were increased. Later studies (Yee et al. 2003; 
Fletcher et al. 2000) confirmed these findings and 
demonstrated significantly improved polyp detec-
tion with dual position scanning owing to improved 
distension and therefore segmental visualisation.

Advocates of single position scanning stress the 
additional radiation burden of scanning patients 
twice routinely, and choose to perform an additional 
scan only if visualization is deemed inadequate 
on the initial study. By necessity, this approach 
requires constant supervision. Moreover, studies of 
luminal visualisation (Yee et al. 2003; Chen et al. 
1999; Morrin et al. 2002) suggest that a second scan 
will be required frequently. It is possible that in the 
future scanning may be performed routinely in a 
single position but this will require improved auto-
mated insufflation methods and possibly electronic 
subtraction of tagged faeces and fluid. However, at 
the time of writing most authorities would strongly 
recommend routine dual position data acquisition.

Almost all published descriptions of CT colonog-
raphy techniques recommend acquiring the supine 
dataset first, followed by the prone scan (Ristvedt 
et al. 2003; Yee et al. 2003; Gluecker et al. 2003; 
Svensson et al. 2002). This anecdotal recommenda-
tion is likely a result of insufflation being performed 
in the supine position, which subsequently dictates 
the initial scan acquisition. Also, if intravenous 
contrast is utilised, this is frequently administered 
with the first scan and usually the supine position 
is chosen for convenience despite some evidence 
suggesting distension may be better overall on the 
prone scan (Morrin et al. 2002). However, in the 
authors experience, the grade of distension is inde-
pendent of the initial scan position (Burling et al. 
2005). Left lateral decubitus positioning is an effec-
tive alternative to the prone position for the second 
CT acquisition (following the supine scan), particu-
larly for immobile and elderly patients, or patients 
with respiratory disease (Gryspeerdt et al. 2004).

5.8 
Intravenous Spasmolytics

There are two intravenous spasmolytics available 
for CT colonography; hyoscine butylbromide and 
glucagon hydrochloride. Both produce hypotonia in 
smooth muscle within the colonic wall and are used 
widely to improve distension during double contrast 
barium enema. However, while both agents have 
been shown to improve patient perception during 
barium enema, only hyoscine butylbromide reliably 
improves distension (Goei et al. 1995; Bova et al. 
1993). As a result, it is widely utilized for barium 
enema across Europe (hyoscine butylbromide is not 
licensed for use in the USA).

The use of spasmolytics prior to CT colonography 
has been widely investigated. In one randomised 
study (Taylor et al. 2003), intravenous administra-
tion of 20 mg hyoscine butylbromide immediately 
prior to gas insufflation was associated with signifi-
cantly improved distension in all colonic segments 
proximal to the sigmoid. Moreover, for all segments 
combined, the colon was over six times more likely 
to be adequately distended compared to using no 
spasmolytic. Interestingly, there was no additional 
benefit gained by increasing the dose to 40 mg. 
A smaller study (Bruzzi et al. 2003) also showed 
significantly improved transverse and descend-
ing colonic distension in patients given hyoscine 
butylbromide, but only in patients with diverticu-
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lar disease. The authors postulated that hyoscine 
butylbromide might relieve diverticulosis related 
spasm. More recently, data has been presented com-
paring hyoscine butylbromide and glucagon hydro-
chloride to no spasmolytic (Rogalla et al. 2004b). 
These authors found that both spasmolytics con-
veyed benefit, an effect most marked when using 
hyoscine butylbromide. In contrast, two previous 
studies failed to demonstrate any benefit when glu-
cagon hydrochloride was administered prior to CT 
colonography (Yee et al. 1999; Morrin et al. 2002).

While the authors would recommend routine use 
of hyoscine butylbromide prior to CT colonography, 
some caution needs to be exercised prior to admin-
istration. Glaucoma, cardiac ischaemia and urinary 
retention may all be precipitated and minor self 
limiting effects of dry mouth and blurred vision are 
also associated. Consequently, patients should be 
questioned about any relevant past medical history 
and advised not to drive for a short time following 
administration.

5.9  
Perforation Risk

The morbidity and mortality of colonoscopy are 
well recognised and described (Vallera and 
Bailie 1996; Bowles et al. 2004; Waye et al. 1992; 
Muhldorfer et al. 1992), and larger series report 
perforation rates in the region of approximately 
0.2% (i.e. 1/500). Since its introduction, proponents 
of CT colonography have proclaimed an excellent 
safety profile in comparison to endoscopy, assump-
tions based on its relatively non-invasive nature 
and the ability to perform the investigation with-
out a need for intravenous sedation. However two 
recent case reports of colonic perforation during CT 
colonography have questioned its safety. The first 
case of perforation followed CT colonography in a 
patient two weeks after a deep rectal biopsy in the 
presence of a near obstructing rectosigmoid tumour 
(Kamar et al. 2004). A rectal balloon catheter and 
manual insufflation of room air were also utilised. 
It is generally accepted that clinically non-obstruct-
ing tumours can prevent the retrograde passage of 
both liquid and gas due to a change in morphology 
when under distal pressure. Given this, an inflated 
rectal balloon could generate critically high intra-
luminal pressure during inflation. The second case 
was performed in a patient with fulminant ulcera-
tive colitis, generally considered a contraindication 

to CT colonography (Coady-Fariborzian et al. 
2004). Indeed, the referring gastroenterologist had 
requested CT colonography because of concerns that 
colonoscopy would involve a higher risk of perfora-
tion. Again, an inflated rectal balloon catheter was 
used with manual insufflation of room air. These 
case reports further underline the principle that 
rectal balloon catheters should be used judiciously 
and with great care. They are contraindicated in 
patients with inflammatory bowel disease and in 
patients with potentially obstructing tumours. It 
is possible that the use of automated insufflator 
devices may have prevented perforation in these two 
cases by automatically terminating insufflation at a 
safe intracolonic pressure.

CTC is a relatively new technique and no large 
scale studies of complication rates have appeared 
in the peer-reviewed literature. Because of this, it is 
difficult to determine accurately the overall perfora-
tion rate in clinical practice. Given the well-defined, 
albeit small, risk during barium enema, it seems 
inevitable that CT related perforations will occur. 
Recently, abstracted data has been presented that 
investigated the perforation rate in 3 USA centres, 
finding 3 perforations out of 7180 patients studied 
(0.04%), and again the use of rectal balloon catheters 
were implicated in these (Sosna et al. 2004). There 
are now international efforts to establish the true 
perforation rate for CT colonography but prelimi-
nary data suggests the rate will lie between barium 
enema (0.01%; Gharemani 2000) and colonoscopy 
(0.2%; Vallera and Bailie 1996; Bowles et al. 
2004; Waye et al. 1992; Muhldorfer et al. 1992).

5.10 
Recommended Technique

It is clear form the above discussion that the practi-
tioner has many options available when attempting 
to optimise colonic distension prior to scan acqui-
sition. While some techniques have an established 
evidence-base, others are largely a matter of per-
sonal preference. Whatever regime is chosen, it is 
clear that good distension is absolutely pivotal to the 
success of any CTC examination. The follow section 
will provide the reader with details of the authors’ 
preferred methods.

Written patient information is provided and 
posted to the patient along with the bowel prepara-
tion approximately two weeks prior to examination. 
On the day of the examination, the radiologist or 
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radiology resident greets the patient, checks they have 
understood what the procedure involves, they have 
no contraindications to hyoscine butylbromide or 
intravenous contrast and are happy to proceed. They 
are asked to evacuate the rectum just prior to enter-
ing the scanner room. In an attempt to improve com-
pliance, patients are routinely warned that they will 
experience abdominal bloating and mild discomfort 
and the importance of good colonic distension for the 
accurate interpretation of their scan is stressed.

The authors favour carbon dioxide as the disten-
sion agent and in the past have slowly administered 
this via gentle compression of a filled enema bag as 
described in the section above. However, we now 
utilize an automated insufflator delivering carbon 
dioxide via a narrow calibre catheter, reserving a 
balloon catheter for the very occasional patient with 
anal incontinence. The patient is asked to lie supine 
initially so that an intravenous catheter can be sited 
if intravenous contrast is to be used, and for admin-
istration of Buscopan if not contraindicated. The 
patient is then asked to lie in the left lateral decubi-
tus position and a lubricated rectal catheter, already 
attached to the insufflation device, is inserted. For all 
patients the maximum pressure shutdown dial is set 
initially at 25 mm Hg. Insufflation is commenced and 
after approximately 1.5 L have been introduced, the 
patient is turned into the supine position. Distension 
is then continued, titrated to patient tolerance, and 
sustained if rectal pressure remains low (i.e. below 
15 mm Hg), providing the patient does not com-
plain of undue abdominal discomfort. Once either 
the patient is mildly uncomfortable or intraluminal 
pressure consistently remains above 25 mm Hg (such 
that further insufflation is automatically prevented, 
which usually occurs following administration of 2–
4 L of gas), a first CT scout image is acquired. If dis-
tension is deemed optimal by the supervising radiol-
ogist, then the full supine scan is acquired in a single 
breathhold. As long as the patient is comfortable the 
authors prefer to leave the insufflator device switched 
on during scanning, but turn down the pressure limit 
to 15 mm Hg so that this minimal rectal pressure is 
maintained. If the patient is uncomfortable, the device 
is paused to ensure that no further gas is insufflated 
until such time as the patient is happy for it to be 
recommenced. If distension is suboptimal despite the 
device recording rectal pressures exceeding 25 mm 
Hg, the catheter is checked and repositioned because 
it may be that its tip is occluded against the rectal 
wall. If unsuccessful, we will either then reposition 
the patient (e.g. prone) or gently manually palpate the 
abdomen to encourage redistribution of gas.

Once the supine study has been acquired, the 
rectal catheter is left in situ and the patient asked to 
turn prone. A second scout is performed and if dis-
tension is deemed suboptimal, the pressure limit will 
be increased to 25 mm Hg to encourage further gas 
insufflation. A further scout is performed and when 
this demonstrates optimal insufflation, the second 
study is acquired. The examination is then com-
plete and the rectal catheter removed. The patient 
is reassured that much of the insufflated gas will be 
absorbed (rather than expelled), and that any abdom-
inal cramping should ease within a few minutes.

5.11 
Conclusion

There are several strategies available to the practi-
tioner for optimising colonic distension and, if used 
appropriately, the time and effort invested will be 
rewarded by easier and more accurate interpretation. 
The authors recommend ongoing quality assurance 
measures are adopted by all departments performing 
CT colonography in order to minimise failure rates 
due to inadequate distension. Finally, safety concerns 
about CT colonography will likely diminish with 
more judicious use of rectal balloon catheters.
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explosion, with generation of over 1000 images per 
scan per patient, making data viewing and analysis 
(“data workflow”) a key issue to be solved within the 
next period of time (Sherbondy et al. 2005).

Another major issue is represented by dose 
delivery, usually higher with CTC compared with a 
standard abdominal CT study due to routine use of 
prone and supine scans (Chen et al. 1999). Radia-
tion exposure has also substantially increased over 
the past few years due to the widespread use of thin-
ner collimations and the consequent increase of 
tube current setting in order to reduce image noise. 
Low or ultra-low dose MDCT protocols together 
with new automatic dose modulation software may 
help in solving this problem representing a crucial 
issue for proposing VC as a screening method for 
colonic polyp in healthy subjects (Iannaccone et 
al. 2003a).

A further variable in CTC scanning parameters is 
due to technological differences among CT vendors 
and MDCT generations. It does exist quite a large 
experience on investigations using 4-slice MDCT 
scanners, but, on the other hand, there are only 
few manuscripts on 16-slice MDCT and almost no 
experience, at the time of this paper, on new 64-slice 
scanners. As technology continues to advance, there 
will be a continuing need to reassess the relative 
tradeoffs between scan width, image noise, patient 
dose, image artefacts, breath-hold times, and the 
number of reconstructed images to be viewed and 
archived.

As a consequence of what is discussed above, the 
“panorama” of technical approaches is expanding, 
offering a wide spectrum of different possibilities. 
For these reasons, the answer to the question “which 
are the right parameters to be used for CTC?” may 
be puzzling.
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6.1 
Introduction

The advent of CT colonography (CTC) (or, virtual 
colonoscopy) in 1994 was made possible by the 
development of spiral CT technology, which pro-
vides a volumetric coverage of a cleansed and air-
distended colon within a single breath-hold (Vining 
et al. 1994).

The introduction of multidetector row computed 
tomographic (MDCT) scanners in late 1998 opened 
a new era for CT in general and CTC in particular 
(Berland and Smith 1998). The use of multiple 
detector arrays along the z-axis offers substantial 
benefits related to anatomic coverage, scanning 
time and longitudinal spatial resolution compared 
with single-slice spiral CT (SSCT) (Beaulieu et al. 
1998; Fenlon et al. 1999; Hara et al. 2001).

In principle, using similar parameters on both 
SSCT and MDCT results in wider anatomic coverage 
and faster scanning time with MDCT. On the other 
hand, MDCT provides sub-millimeter collimation, 
improves z-axis resolution and generates isotropic 
voxels, thus resulting in better image quality of refor-
matted planes as well as three-dimensional recon-
structions. The drawback is represented by data 
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6.2 
Collimation

Collimation is the parameter that – more than the 
others – has dramatically changed since the devel-
opment of CTC in parallel with continuous evolution 
of scanner technology.

“Thin” collimation is a mandatory pre-requisite 
for a CTC study. The question is how thin is a thin 
collimation? The answer may be either political or 
technical. In fact, collimation is strictly related to 
the size of the target lesion. Since on CT you are not 
able to detect a lesion smaller than the effective slice 
thickness due to partial volume effect, the size of the 
ideal target lesion should be defined. This should 
avoid the risk of searching for the thinnest possible 
collimation as soon as a new equipment becomes 
clinically available.

On a technical point of view, a consensus was 
achieved (Barish et al. 2005). If considering SSCT, 
the maximum accepted collimation is 5 mm with 
overlapped image reconstruction (usually set at 
3 mm) (Hara et al. 1997a). In the first CTC studies, 
due to limited tube capacity, two or three consecu-
tive breath-holds were needed to cover the entire 
colon. With the progress in tube technology a single 
breath-hold of 40–50 s was made possible on SSCT 
scanners (Taylor et al. 2003).

One of the major benefits of MDCT was repre-
sented by the possibility of further reducing the 
collimation compared with SSCT. Although some 
authors, at the beginning of the era of MDCT, still 
proposed 5 mm as an optimal collimation due to 
acquisition time, breathing artefacts as well as 
image workload (Hara et al. 2001), it is now widely 
accepted that a collimation no thicker than 3 mm is 
mandatory (Barish et al. 2005).

A major drawback of the use of thin collimation 
is the increased current tube setting, necessary in 
order to reduce image noise and to maintain an 
acceptable image quality. This is the reason why 
several researchers have performed investigations 
on the potential benefits of thin collimation pro-
tocols (Whiting et al. 2000; Fletcher et al. 2000; 
Rogalla and Meiri 2001; Gillams and Lees 2002; 
Macari et al. 2002; Taylor et al. 2003; Wessling et 
al. 2003) looking for the clinical impact of thin col-
limation protocols in terms of polyp detection and 
characterization.

Several in-vitro evaluations were reported. 
Although phantom models have inherent limita-
tions represented by the ideal conditions of the study 
design (a true colon is a “moving” organ, with peri-

staltic motion as well as motion related to the ana-
tomic location, partly intra-peritoneal and partly 
retroperitoneal) they may provide useful data to be 
tested on patients.

In a personal experience (Laghi et al. 2003), we 
built a phantom model with 12 lesions ranging in size 
between 3.2 mm and 12 mm; lesion morphology sim-
ulated sessile polyps and flat and depressed lesions. 
Different scanning protocols were compared based 
on 1.0-mm, 2.5-mm and 5-mm collimations with 
effective slice thicknesses of respectively 1.25 mm, 
3 mm and 5 mm. Results showed the best perform-
ance when using 1.0-mm collimation protocol (no 
lesions missed), although a statistically significant 
difference was observed only among 1.0/2.5-mm 
protocols in comparison with 5.0-mm protocol. If 
only lesions larger than 10 mm were considered no 
differences were observed among the three different 
protocols (Fig. 6.1).

In another study (Wessling et al. 2003), a phan-
tom with simulated polypoid lesions ranging in 
size between 2 mm and 12 mm was built. Different 
protocols were compared with collimation ranging 
between 1.25 mm and 5 mm. Results showed no sig-
nificant differences for detection of lesions larger 
than 10 mm, but for lesions smaller than 6 mm a 
clear benefit was observed when a thin collimation 
protocol (1.25 mm) had been used.

Finally, in another in-vitro experience (Taylor 
et al. 2003), where a human colonic specimen of a 
patient with familiar adenomatous polyp syndrome 
after total colectomy was used as a phantom, colli-
mation had a significant effect on the polyp detec-
tion rate which, when unadjusted for size, was 50% 
higher at 1.25 mm collimation than at 2.5 mm. 
This effect was most marked for polyps less than 
5 mm, for which a small but significant improve-
ment in detection also occurred with increased tube 
current. For polyps 5 mm or larger the benefit of 
decreased collimation was significant resulting in 
7% improved detection rate. The use of thin colli-
mation is also associated with a possible increase 
of specificity, especially of small lesions, since the 
detection of tiny air bubbles might be easier.

Although thin collimation protocols may pro-
vide benefits in terms of detection of small polypoid 
lesions, the application to patients is limited by tech-
nical restrictions of four-slice MDCT. In fact, with 
four-slice MDCT a compromise between scanning 
time and collimation is necessary since the use of 
1 mm is associated with scanning time over 30 s 
(Fig. 6.2). On the other hand, the increased radia-
tion exposure as compared with thicker collimation 
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protocols as well as the unclear benefits of detecting 
small polypoid lesions (smaller than 5 mm) gener-
ated controversies among different research groups. 
As an example, some authors reported the benefits 
of 1-mm collimation (Macari et al. 2002) whereas 
others recommended 2.5 mm (effective slice thick-
ness, 3 mm) (Power and Pryor 2002) or even 5 mm 
(Hara et al. 2001; McCollough 2002). The theoret-
ical effect of changing collimation on polyp detec-
tion was also investigated by reconstructing 1-mm 
data sets at various section thicknesses; sensitivity 

Fig. 6.1a,b. Colonic phantom containing three different simulated lesions: 9.6-mm and 5.5-mm sessile polyps and 8-mm “fl at” 
lesion. Using: a a thick collimation protocol lesions’ sharpness is defi nitely reduced compared with; b a thin collimation proto-
col. Note edge blurring (arrow) directly related to the increase of effective slice thickness as well as geometric distortion. This 
artefact particularly affects simulated “fl at” lesion (arrowhead)

a b

Fig. 6.2a,b. Four-slice MDCT scan of the abdomen and pelvis: “high-resolution” protocol with 1-mm collimation and1.25 mm 
effective slice thickness vs “fast scanning” protocol with 2.5-mm collimation and 3 mm effective slice thickness (b). The quality 
of coronal reformatted image is much improved on high-resolution scanning protocol although the acquisition time is much 
longer

ba

for polyps measuring 3–5 mm decreased from 96% 
at a 1 mm section thickness to 74% at a 5 mm section 
thickness (Rogalla and Meiri 2001).

To summarize, data from both phantoms and 
patient populations suggest that, for four-slice 
MDCT, a collimation no larger than 3 mm should 
be implemented. Thinner collimations may pro-
vide benefits in terms of detection of small polypoid 
lesions (smaller than 5 mm) although the effects on 
false positive rates as well as on radiation exposure 
have not been fully evaluated.
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First results on 16-slice MDCT scanners confirm 
these data, suggesting a scanning protocol with 1-
mm collimation for the detection of lesions smaller 
than 3 mm and with 3-mm collimation for lesions 
larger than 3 mm (Rottgen et al. 2003).

The advent of new 64-slice MDCT has completely 
solved the scanning problems, since no compromise 
between collimation and scan time is necessary any 
more (Fig. 6.3). Collimation is routinely ranging 
between 1.2 mm and 0.6 mm and scanning time is 
below 10 s (Flohr et al. 2005). Results are expected 
in the next few months, with a possible consistent 
improvement in the detection of tiny polyps. Prob-
lems to be face with are image noise of sub-millime-
tre collimation protocols, dose delivery and the huge 
datasets needing powerful workstations to be man-
aged. At the time of this chapter, there is not enough 
experience to answer these raising issues.

6.3 
Image Reconstruction

Resolution in the z-direction is particularly impor-
tant for three-dimensional reconstructions. With 
SSCT a compromise between slice thickness, ana-
tomical coverage and scanning time is necessary. 
The result is a relative thick collimation (3–5 mm) 
and consequently slice thickness negatively affect-
ing the quality of reconstructed images. A possible 
solution, in order to improve z-axis resolution using 
SSCT, is to reconstruct raw data in order to obtain 
overlapped slices. Usually, 60% overlap is recom-
mended (Paul et al. 1999).

The technical approach with MDCT is com-
pletely different. The reconstruction process for 
MDCT makes use of multiple-row data collection 
to minimize image degradation induced by rapid 
patient translation using reconstruction algorithms 
(Taguchi and Aradate 1998; Flohr et al. 2005). 
MDCT makes use of data interpolation and different 
reconstruction algorithms in order to obtain from 
an original data set of images acquired with a fixed 
collimation different data sets with different slice 
thickness (Hu 1999; Hu et al. 2000). Of course, the 
reconstructed images cannot be thinner than detec-
tor collimation. With this approach the reconstruc-
tion of overlapped slices is no longer recommended 
as for SSCT.

6.4 
Pitch

Pitch is a technical parameter intrinsic to spiral CT 
correlating table travel, collimation and gantry rota-
tion time. In other terms, pitch=TS RT/C, where 
TS is table speed, expressed in mm/s, RT is gantry 
rotation time, expressed in seconds and C is collima-
tion expressed in mm. Pitch directly affects image 
quality, since the higher the pitch value the broader 
the Slice Sensitivity Profile (SSP) (see Appendix). It 
means that the effective scan width increases with 
increasing pitch. High pitch values introduce arte-
facts especially along the z-axis, resulting in blurred 
images. For this reason, a maximum pitch value of 
2 is advisable.

In colon imaging, spiral artefacts induced by high 
pitch values may affect, in particular, those struc-
tures changing dramatically the anatomic position 
along the z axis (i.e., hepatic and splenic flexures, 
sigmoid colon) as well as polyp visualization. This 
is the case of rippling artefacts which are introduced 
in the images when increasing angle relative to the z 
axis as well as when pitch is increased; rippling arte-
facts result in a negative effect on the depiction of 
sessile polyps (Whiting et al. 2000) (Fig. 6.4).

Moreover, the degree to which partial volume 
effects distort polyp morphology is determined by 
polyp size relative to the effective section thickness 
and section sensitivity profile, which are primarily 
a function of collimation, pitch and interpolation 
algorithm. For SSCT protocols with 3 mm and 5 mm 
collimation and pitch ranging between one and two, 
excellent depiction of 6-mm and 13-mm peduncu-
lated polyps and 10  3 mm sessile polyps can be 

Fig. 6.3. Tissue Transition Projection (TTP) (or “virtual double 
contrast enema”) showing the entire colon scanned with sub-mil-
limetre collimation during an acquisition time of less than 10 s
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achieved. With a protocol including 5-mm collima-
tion and pitch two, flat lesions of 11 mm  1 mm and 
6 mm  2 mm can be degraded by rippling artefact 
(Whiting et al. 2000).

It has been observed that polyp conspicuity 
decreases when pitch increases, in particular on 
three-dimensional reconstructions (Dachman et al 
1997).

In a different study using a pig colon phantom 
the prevalence of adverse CT artefacts over a range 
of scanning parameters was assessed, demonstrat-
ing that smoothing becomes more evident when 
collimation increases, whereas stair-step artefacts 
and longitudinal distortion are more dependent on 
increasing pitch (Springer et al. 2000).

Pitch is also correlated to dose delivery to patients, 
expressed in mGy, as CT Dose Index (CTDI) (see 
Appendix).

CTDI is inversely proportional to pitch (e.g. dou-
bling pitch halves the CTDI). This is true only if mA 
value remains constant. This is not the case for all 
manufacturers, since in some scanners mA is auto-
matically adjusted for pitch so CTDI remains con-
stant.

The introduction of MDCT has also modified the 
concept of pitch, which can be defined either relative 
to total X-ray collimation (pitchx) or to individual 
detector width (pitchd). Consequently pitchd=pitchx 

 number of slices. As an example, on 4-slice MDCT, 
with 12.5 mm/s table speed of 2.5 mm collimation, 
pitchd is 2.5 (12.5 mm/s/2.5 mm  0.5 sec) whereas 
pitchx is 0.625 (12.5 mm/s/10 mm  0.5 s) where 

10 mm is total X-ray beam (2.5 mm  4). For the 
sake of clarity and uniformity, the detector pitch 
should no longer be used. For both single-section 
CT and multi-detector row CT, the pitch (p) is given 
by p=TF/w, where TF is table feed per rotation, and 
w is total width of the collimated beam, according to 
International Electrotechnical Commission specifi-
cations. For p<1, data acquisition occurs with over-
lap in the z-axis direction; for p>1, data acquisition 
occurs with gaps.

Some remarkable differences about the influence 
of pitch on image quality between SSCT and MDCT 
do exist. In fact, on MDCT the influence of pitch on 
image quality depends on the scanner. Some manu-
facturers recommend particular pitch values, whilst 
others allow any pitch to be used. The difference 
depends on data interpolation properties. However, 
in general, MDCT allows the use of faster table speed 
compared with SSCT.

On a human colonic specimen phantom, for 
polyps of 5 mm or larger the effect of pitch on detec-
tion is insignificant on MDCT using pitch value 
ranging from 0.75 to 1.5 (Taylor et al. 2003). How-
ever this is not true for small lesions, smaller than 
5 mm for whom the detection rate is higher with 
lower pitch value.

Finally, although pitch in MDCT is a less essen-
tial parameter in terms of section sensitivity profile, 
image noise in MDCT depends on pitch (for fixed 
tube current-time product in mAs). This is oppo-
site to SSCT scanning where image noise is virtually 
pitch-independent. To account for that difference, 
MDCT systems automatically increase mA/s as the 
pitch is increased to maintain comparable image 
noise.

6.5 
Tube Current Setting and Low Dose Protocols

One of the major limitations preventing CTC from 
being used in screening programs for patients at risk 
for colorectal carcinoma is its relatively high radia-
tion exposure. There are three main reasons that 
account for the high radiation dose of CTC. First, 
the technique is usually performed in the prone and 
supine positions, because both positions have been 
found to detect the highest number of lesions; this, 
of course, doubles the radiation dose to the patient 
(Chen et al. 1999). Second, CTC examinations are 
currently performed with MDCT scanners, which 
tend to have a higher effective dose level for the 

Fig. 6.4. Example of rippling artefacts induced by high pitch 
value. The small sessile polyp in a simulated colonic phantom 
(arrow) is barely seen
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same dose compared with SSCT, due to geometric 
inefficiency (Giacomuzzi et al. 2001). This is espe-
cially true if considering 4-row scanners, although 
geometric efficiency has much improved on 16- and 
64-MDCTs. Third, there is a trend to use narrower 
collimations (1.0 mm or even less instead of 2.5 mm 
or 5.0 mm); this has the great advantage of near iso-
tropic spatial resolution (i.e., the voxels have almost 
identical sides along the three axes) but, at the same 
time, leads to an increase in effective dose (Van 
Gelder et al. 2002).

In a single experience, a higher number of small 
polyps (<5 mm) was detected using thin collima-
tion (1.25 mm), low pitch, and high tube current 
(150 mA) (Taylor et al. 2003). Unfortunately, the 
associated dose penalty was prohibitive, with an 
effective dose of 20.0 mSv for combined supine and 
prone scanning. Strategies to reduce patient radia-
tion exposure although working at thin collimation 
include high pitch value as well as low tube current. 
Thus doubling the pitch and reducing the tube cur-
rent setting to 50 mA would deliver an effective dose 
for combined supine and prone scans of 3.4 mSv, 
lower than the dose of either a standard abdomino-
pelvic CT scan (6–24 mSv) or a barium enema study 
(6.4 mSv).

Indeed, in a recent study, Van Gelder et al. 
showed that the median effective dose for complete 
(i.e., prone and supine acquisitions combined) CTC 
in 12 different institutions is about 8.8 mSv. CTC at 
8.8 mSv may result in a risk of up to 0.02% for induc-
ing cancer in the population over 50 years (who are 
currently considered the target population for color-
ectal cancer screening) (Van Gelder et al. 2002). 
Considering these factors, increasing attention has 
been focused on the optimization of low-dose pro-
tocols for CTC.

In theory, in view of the inherently high contrast 
between the air-filled lumen of the colon and the 
soft-tissue attenuation of the colonic wall, a relevant 
dose reduction should be achievable without loss 
of diagnostic accuracy. The low-dose technique is 
associated with an increase in image noise because 
of the reduced number of X-rays reaching the detec-
tors. The increase in image noise may deteriorate 
lesion conspicuity in terms of detectability on low-
contrast imaging. The noise level on CT images 
depends on the accuracy of the transmission meas-
urements used in the reconstruction of the images, 
which in turn depends primarily on the number of 
transmitted photons. This number is proportional 
to the dose used for the CT scan and also depends 
strongly on the size of the patient.

The imaging of high-contrast structures allows 
a higher noise level with a satisfactory image qual-
ity and diagnostic reliability. Thus, it seems feasi-
ble to decrease the dose in CTC because endolumi-
nal lesions show an inherently high contrast to the 
surrounding colonic air or gas (Figs. 6.5 and 6.6). 
Because subjectively perceived noise is inversely 
related to window width, image analysis is usually 
performed with a wide window centre and setting.

The first attempt was performed in 1997, when it 
was proposed to reduce data size and radiation dose 
delivery for SSCT colonography (Hara et al. 1997b), 
using 70 mA.

Subsequently, the same authors took advantage of 
the faster data acquisition provided by MDCT and 
demonstrated better bowel distension and fewer res-
piratory artefacts with a beam collimation (5.0 mm) 
and an effective radiation dose (4.7 mSv for men; 
6.7 mSv for women) comparable to those of SSCT 
(Hara et al. 2001). A different proposed approach 
was to use a thin (i.e., 1.0 mm) beam collimation 
protocol to obtain images with near isotropic voxels, 
but simultaneously decrease the effective mAs to 
50 in order to keep the effective radiation dose to a 
level comparable to that of SSCT (5.0 mSv for men 
and 7.8 mSv for women) (Macari et al. 2002). Such a 
protocol provided excellent sensitivity for detection 

Fig. 6.5. Low dose scan of normal sigmoid colon. Due to inher-
ently high contrast between colonic surface and endoluminal 
air, image quality of colonic lumen is still optimal, in particu-
lar if image analysis is performed with a wide window centre 
and setting
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of polyps 10 mm in diameter or larger and improved 
differentiation of colorectal polyps from residual 
stool and hypertrophied folds (with a consequent 
reduction of false positive diagnoses).

Other authors used a 2.5-beam collimation pro-
tocol and demonstrated that, despite a perceptible 
worsening of image quality, the sensitivity for detec-
tion of polyps was equal at 100, 50, and 30 effective 
mAs (Van Gelder et al. 2002). These results indi-
cated that CTC with MDCT can be reliably per-
formed with an effective dose of 3.6 mSv.

In our experience we used an effective mAs value 
of 10, demonstrating that MDCT technology can 
achieve a further, substantial radiation dose reduc-
tion for CTC with a total (i.e., prone and supine 
acquisitions combined) effective dose of 1.8 mSv for 
men and 2.4 mSv for women. These values are sub-
stantially lower than previously published data, both 
as reported for SSCT and MDCT, and also lower than 
those of barium enema (5–7 mSv) (Kemerink et al. 
2001). This technical approach (defined as “ultra 
low-dose” technique) was subsequently validated in 
a large population of patients with results compara-
ble with full dose imaging protocols (Iannaccone 
et al. 2003b) (Fig. 6.7). Potential criticisms to the 
use of an ultra low-mAs protocol are as follows: 
(1) imaging of obese patients, which might be unfea-
sible although this issue has not been well evaluated 
yet; (2) poor assessment of low contrast structures, 
such as liver, pancreas, kidneys, and lymph nodes 
(Fig. 6.8). This can be expected because the quality 
of low contrast structures is affected more by noise 
than that of high contrast structures (i.e., colonic 
mucosa-air interface). Thus, this imaging protocol 

will prevent the detection of extra-colonic findings 
unless deionising filters are implemented.

Another feasible way to reduce patient dose deliv-
ery might be a combined approach of ultra low-dose 
protocol for prone scan and normal tube current set-
ting for supine scan in order to achieve reduction of 
patient exposure, having at the same time a consist-
ent evaluation of extra-colonic findings. This might 
be an optimal solution for symptomatic patients, 
especially if contrast medium injection is required. 
In a non-symptomatic screening population, both 
the acquisitions might be achieved using low dose 
protocols (Nicholson et al. 2005).

A recent technological advancement is repre-
sented by the development of automatic dose deliv-
ery system, able to modulate the tube current on the 
basis of the depth of tissues to be scanned. In other 
words, this technique allows one to reduce patient 
radiation dose modifying the tube output according 
to the patient geometry during each rotation and in 
the longitudinal direction.

Another technical parameter influencing dose 
delivery is tube potential. Tube potential is expressed 
as kilovolt peak (kVp). Modification of kVp leads to 
changes of the photon beam energy expressed as 
kiloelectron volt (keV). Increasing tube potential, 
photon beam are more penetrating resulting in an 
enhancement of detector energy fluency. Modifi-
cation of tube potential leads to changes in image 
noise, contrast resolution and patient dose expo-
sure. The most important effect of kVp changes is 
represented by increase of patient radiation expo-
sure. CTDI increase linearly with mAs and exponen-
tially with kVp (≈kVp2). Increase in tube potential 

Fig. 6.6a,b. The increase in image noise is perceived more on three-dimensional endoluminal views: a, standard dose scan; 
b, low dose scan. Note sharpness of endoluminal surface negatively affected by dose reduction in b

a b
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Fig. 6.8. Low dose scan of liver parenchyma. Image noise pre-
vents the assessment of focal liver lesions and makes diffi cult 
even the visualization of the gallbladder

Fig. 6.7a–c. Low dose scan of carcinomatous polyp of the right 
colon. Although: a noise clearly degrades image quality, the 
evaluation using: b wide window centre and setting as well as: 
c three-dimensional endoluminal view are not signifi cantly 
affected

a b

c

produces decrease of image noise but also decrease 
of HU values of different structures due to a stronger 
detector energy fluency. Decrease of HU values using 
high values of tube potential is more pronounced for 
structures with intrinsic high Z, like bone or iodine 
rather than fat or muscles. Thus increase of tube 
potential leads to reduction of contrast-resolution 
for high density materials (Huda et al. 2000). Due to 
huge impact on patient radiation exposure, increase 
of kVp in order to reduce image noise should not be 
used.

6.6 
Practical Guidelines

A single scanning protocol with identical param-
eters for all scanners and patients cannot be recom-
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mended due to technological differences as well as 
different clinical indications to CTC.

General guidelines are provided by the recently 
published Consensus Statement (Barish et al. 
2005). If considering basic parameters (i.e., col-
limation and mAs values) recommendations pro-
pose a collimation no larger than 5 mm for SSCT 
and no larger than 3 mm for MDCT. With the 
advent of 64-slice MDCT, sub-millimeter collima-
tion will be mandatory, although clinical benefits 
are still unclear.

Image reconstruction should be overlapped with 
SSCT: it is usually set at 3 mm for 5-mm collimation 
protocols and at 1 mm for 3-mm collimation pro-
tocols (Sanjay 2004). On MDCT, when using 3 mm 
effective slice thickness, images are usually recon-
structed at 1 mm; when 1 mm or sub-millimeter 
effective slice thicknesses are used, 1 mm might be 
the best compromise considering also the number of 
images to be managed on the workstation.

Considering dose exposure, if CTC is performed 
as a screening method in asymptomatic population, 
tube current must be set at the minimum level possi-
ble that allows adequate visualization of the colonic 
wall even if visualization of parenchymatous organs 
is reduced. There is no consensus at the moment 
regarding the value of detecting the extra-colonic 
findings.

If patient is symptomatic or he/she requires i.v. 
injection of contrast medium for any other clinical 
reason, mAs should be set at the standard value for 
an abdomen and pelvis CT scan. In order to reduce 
dose delivery, patient might be scanned in prone 
position using a low or an ultra-low dose protocol, 
and at full dose only in supine scan when contrast 
medium is injected.

Appendix. Glossary of Terms

Adapted from Flohr et al. (2005)

Automatic exposure control
This is a recently developed technique that allows 
one to reduce patient radiation dose, modifying tube 
output according to the patient geometry during 
each rotation and in the longitudinal direction.

Collimated section thickness
Active width of one detector row in the longitudinal 
direction, measured at the isocenter. The collimated 
section thickness can be different from the effective 

section thickness established in the spiral recon-
struction process.

Cone angle
With multi-detector row CT system, the measure-
ment rays are no longer perpendicular to the lon-
gitudinal axis but are tilted by the cone angle with 
respect to the center plane. The cone angle is largest 
for the sections at the outer edges of the detector.

Weighted CT dose index (CTDIw)
Dose measure that uses the absorbed dose in an 
acrylic plastic phantom. Weighted CTDI (CTDIw) 
is approximation to average dose in the x-y plane 
for phantom and so is an approximation of the dose 
delivered to a cross section of the patient‘s anatomy. 
CTDIw is measured in milligrays. CTDIw does not 
consider exposure variation along the z-axis.

CTDIvol
CTDIvol takes account of exposure variation in the 
z axis and is calculated by the following formula: 
CTDIvol=CTDIw  Pitch

Deionising filters
Filters implemented from some vendors in the pro-
cessing of raw data with the aim of reduce image 
noise.

DLP
Dose length product: is measure of total radiation 
exposure for the whole series of image and is cal-
culated by the following formula: DLP=CTDIvol  
scan length. Usually in helical CT irradiated length 
is longer than imaged length. CTDIvol is independ-
ent of scan length. DLP is proportional to scan 
length.

Effective patient dose
Approximation of the dose delivered to the patient 
during a CT scan that takes into account the differ-
ent organ sensitivities to radiation. Effective patient 
dose is measured in millisieverts.

Effective section thickness
Section thickness that is established in the spiral 
reconstruction process, measured at the isocenter. 
It is equal to or larger than the collimated section 
width.

Hyperplane
Intermediate image plane used in a reconstruction 
method for multi–detector row spiral CT.
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Using MDCT, X-ray beam is no longer perpendic-
ular to detector. To overcome this problem vendors 
have developed different reconstruction algorithms; 
some of them use an intermediate image plane to 
reconstruct the final axial image. This algorithm is 
represented by the so-called hyperplane weighted 
reconstruction.

Isocenter
Centre of the measurement field of view of a CT 
scanner. Physical parameters such as section thick-
ness and resolution are usually determined at the 
isocenter.

Longitudinal resolution
Spatial resolution in the patient (z-axis) direction, 
determined by the effective section thickness and 
the image increment.

Pitch
Parameter that characterizes a spiral scan, defined as 
table feed per rotation divided by the total width of the 
collimated beam. In the early days of four-section CT, 
the term detector pitch had been additionally intro-
duced, which accounts for the width of a single section 
in the denominator. In this way two different pitch can 
be defined relative to total X-ray collimation (pitchx) 
or to individual detector width (pitchd). Consequently 
pitchd==pitchx  number of slices. For the sake of clar-
ity and uniformity, the detector pitch should no longer 
be used. For both single-section CT and multi–detec-
tor row CT the pitch (p) is given by p=TF/w, where 
TF is table feed per rotation, and w is total width of 
the collimated beam, according to International Elec-
trotechnical Commission specifications. For p<1, data 
acquisition occurs with overlap in the z-axis direction; 
for p>1, data acquisition occurs with gaps.

Prepatient collimation
Collimation system between X-ray tube and patient 
that limits the width of the collimated beam in the 
longitudinal direction.

Section sensitivity profile (SSP)
Function indicating the signal contribution of an 
infinitesimal object to each position along the z axis. 
SSP is determined by section collimation, size of the 
focal spot, and the spiral reconstruction algorithm.

Tube current
Acquisition parameter expressed in terms of mil-
liAmpere (mA) strictly related to image noise and 
patient dose exposure.

Tube potential
Acquisition parameter expressed in terms of kilo-
volts peak strictly related to image noise and patient 
dose exposure (kVp).

Voxel
Basic 3D element of a volume image. A value, the CT 
number, is assigned to each voxel.

Volume-rendering technique (VRT)
Three-dimensional postprocessing method based 
on a weighted display of all voxels along each ray in 
the view direction. Transfer functions assign opac-
ity and color to each CT number.

Weighted hyperplane reconstruction (WHR)
Reconstruction method for multi-detector row spiral 
CT that accounts for the cone angle of the measure-
ment rays by introducing intermediate hyperplanes 
for image reconstruction.

Z-filter reconstruction
Method for multi-detector row spiral interpolation 
that uses all direct and complementary rays within 
a selectable distance from the image plane. Z-filter 
reconstruction allows establishment of different 
SSPs to trade off longitudinal resolution and image 
noise.
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institutional studies reported less good results using 
no tagging or subtraction and predominant use of 
2D MPR as primary review (Cotton et al. 2004; 
Johnson et al. 2003; Rockey et al. 2005). Recently a 
series of 200 patients with excellent results used stool 
tagging without catharsis or subtraction, exploiting 
ultra low dose techniques and 2D MPR as a primary 
review (Iannaccone et al. 2004). Certainly the dif-
ferences in these studies are complex; however key 
influences of image display techniques for data 
interpretation are important to understand.

This chapter will focus on 1) current and future 
image display techniques for data interpretation, 
2) application of these techniques in the major cat-
egories of colorectal morphologies, and 3) issues of 
standardization of reporting clinically significant 
colorectal findings in CTC (C-RADS).

7.2 
Current and Future Image Display 
Techniques

After years of diligent use of 2D multiplanar refor-
mation (2D MPR) as a primary review with 3D to 
problem solve, the success of the study of  Pickhardt 
et al. (Pickhardt et al. 2003), aided by improved 
computer graphics, eclipsed the field in 2003 to dem-
onstrate that 3D as a primary review was not only 
feasible but may be better. Unfortunately, there has 
been somewhat of a binary debate of whether 2D vs 
3D is better, rather than an understanding of how 
to apply each of these techniques cohesively in the 
appropriate setting.

How are we now to approach data interpreta-
tion? Currently, the answer probably is a seamless 
interaction between 2D MPR and 3D endoscopic fly-
through techniques, which may vary across patients 
or within specific colonic segments of a patient. The 
3D fly-through as a primary review uses 3D to detect, 
with 2D MPR to help characterize. Conversely, use 
of 2D MPR as a primary review uses 2D to detect, 
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7.1 
Introduction

CT colonography (CTC) image acquisition and image 
display capabilities continue to evolve. Concordant 
with such changes is the need to re-evaluate how 
to interpret the data. From 2002 to 2005, validation 
studies have reported a range of results in different 
patient cohorts using different methods. Important 
differences in acquisition methods have varied in 
stool tagging and CT dose techniques, while image 
display techniques have ranged from primary use of 
2D multiplanar reformation to 3D endoscopic fly-
through techniques. Specifically the largest cohort 
to date of 1233 patients reported excellent results 
using rigorous tagging and electronic subtraction, 
with reader evaluation of primary 3D fly-through 
review (Pickhardt et al. 2003). Three other multi-
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with 3D MPR to help characterize. In addition to 
these techniques, the 3D transparency view allows 
an overall view of the colonic anatomy, simulating a 
barium enema visualization. In order to apply opti-
mally techniques best, it is important to understand 
the uses, advantages and disadvantages.

7.2.1 
2D Multiplanar Reformation (2D MPR)

Primary 2D MPR review for lesion detection can pro-
vide a time efficient evaluation of the colon, exploit-
ing an extra-colonic field of view for improved ori-
entation. This visualization is based on a real time 
sectoring through the colonic sub-segments in cine 
mode, in a continuous direction typically from the 
rectum to the cecum. Two window levels settings are 
typically utilized. The polyp window (width 1500, 
level –200) imparts the high contrast interface to 
detect intraluminal colorectal polypoid lesions. The 
soft tissue window setting (width 400, level 10) is 
critical to evaluate more advanced wall lesions, dis-
cern the high density of false positives or the fat 
density of lipomas, and to evaluate the extra-colonic 
findings. In some areas of retained dense fluid, a 
narrower window setting may be needed to better 
see within the fluid level.

When a lesion is detected in the polyp window of 
2D MPR, the following steps can be taken to most 
efficiently characterize a lesion. First, the density of 
the lesion in the soft tissue window is directly avail-
able. If the lesion is dense (i.e., false positive of stool) 
or fatty (lipoma), typically no further evaluation is 
needed. If however the lesion is soft tissue in den-
sity, both the 2D MPR additional views (e.g., sag-
ittal and coronal) and the 3D endoscopic view can 
then be used to assess morphology of a focal find-
ing better. The use of 3D to further characterize can 
be very helpful to evaluate the common dilemma of 
discernment of a thickened fold (or confluence of 
folds) from a polyp on a fold. Lastly, confirmation 
of a lesion’s anatomic location on the correspond-
ing prone (or supine) data set is needed. Although 
automated registration of supine and prone data sets 
is becoming technically feasible, the in vivo range of 
change in position of a focal finding between prone 
and supine positions might make 2D MPR with its 
extra-colonic field of view most efficient to localize 
a given area. Confirmation of the same location on 
both prone and supine data sets (when image qual-
ity permits) greatly increases confidence of a true 
positive lesion.

To use 2D MPR as a primary review, it can be help-
ful to perform initially a one minute coronal cine of 
both the prone and supine data sets to get the “lay 
of the land”. This allows the reader to determine the 
degree of tortuosity and the colonic course, as well 
as the image quality of colonic distention and fluid/
stool retention. The data set with the best image 
quality can be chosen to evaluate first. Typically, as 
each lesion is detected, characterization of the lesion 
on the other 2D MPR views and 3D views can be 
made between prone and supine data sets. Images of 
true positive lesions are taken and an internet report 
of findings for future dictation can be started. This 
type of organization of effort, involving lesion 
detection and characterization, followed by image 
capture of important findings, along the continuous 
retrograde path of the colon from rectum to cecum, 
allows an efficient and thorough evaluation of the 
colonic surface area. If interrupted by another task, 
the colon segment reached can be recorded and then 
evaluation can be reinitiated at this segment, once 
the interpretation can be resumed. After finish-
ing the first data set (typically supine) with char-
acterization of each lesion detected, the other data 
set (typically prone) can be briefly viewed with an 
axial cine to see potentially any additional findings. 
Using embedded arrows for lesions already detected 
prevents one wasting time re-evaluating the same 
lesions between data sets.

What are the advantages and disadvantages of 
2D MPR? The use of 2D MPR offers several impor-
tant advantages. First there is the direct display 
of the source attenuation data of a focal lesion to 
determine density. Specifically, the density of a 
focal lesion, such as fat in a lipoma or high density 
or focal pockets of air in stool, provides the most 
important characteristics to confirm false positive 
lesions. Another advantage of 2D MPR is the ability 
to visualize the location of a lesion from an extralu-
minal viewpoint, rather than the immersed endo-
scopic view of 3D fly-through. This can be helpful 
to confirm whether a lesion is in the same segment 
between prone and supine data sets (especially help-
ful in tortuous colons), as well as whether the lesion 
is dependent or non-dependent within a given seg-
ment. If a lesion shifts in position to different seg-
ments or changes to a dependent position on both 
prone and supine views without a visualized stalk, 
the concern for a false positive (e.g., retained stool) 
increases. Another advantage is that 2D MPR can be 
a time efficient evaluation of the colonic findings, 
since a thorough cine of both data sets is done once, 
compared to the need of forward and retrograde 3D 
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fly-through views in both prone and supine data sets. 
Subtle mural lesions can often best be seen in the 
MPR soft tissue window settings. The disadvantages 
of 2D MPR as a primary review may be decreased 
sensitivity compared to the increased surface area 
visualization of 3D fly-through. Although this has 
not been directly confirmed in validation studies, 
the improved results of 3D as a primary review in 
the Pickhardt et al. study are compelling. Reader 
fatigue can also be greater with 2D MPR, given the 
potentially more subtle and briefer visualization of 
lesions during the cine method of sectoring through 
the data.

7.2.2 
3D Endoscopic Fly-Through

The use of 3D fly-through as a primary review pro-
vides a continuous fly-through of the colon, using 
the endoscopic field of view. The exciting advances 
of this technique have become more generalizable 
across 3D workstations; however differences still 
exist. In some 3D workstations, preprocessing of the 
data with segmentation (i.e., selective extraction) 
of the colon is first done, followed by calculation 
of the central path through the entire colon. Other 
workstations do not segment the colon or calculate 
the central path. For the reader, the review typically 
begins within the rectum, with continuous retro-
grade fly-through to the cecum.

When a focal lesion is found in 3D, further char-
acterization can be done in several ways. First the 3D 
morphology is initially directly viewed, which can 
efficiently display overall anatomy and relationship 
of a lesion to surrounding folds. Second, assessment 
of density can then be performed with simultane-
ous registration of the finding in 2D MPR to dis-
play directly the density of the lesion. Some vendors 
provide an opacity map of the lesion within the 3D 
endoscopic view, which helps display the profile of 
density differences across the lesion. Finally, confir-
mation of the position and anatomic location of the 
lesion in both supine and prone data sets is again 
needed to increase confidence of a true positive 
lesion. This may best be performed with comparison 
of the lesion between MPR views for extraluminal 
orientation.

To use 3D as a primary review, endoscopic fly-
through in antegrade and retrograde paths for both 
supine and prone data sets are necessary. Some 
advocates of 3D however state that if excellent visu-
alization with no lesions found is present after for-

ward and backward fly-through paths of the supine 
data set, only a retrograde fly-through is needed in 
the prone data set (e.g., eliminates antegrade fly-
through in the second data set). Similar to 2D MPR, 
use of embedded arrows in lesions already evalu-
ated keeps evaluation of additional lesions efficient 
between prone and supine data sets. A critical point 
is the need to also sector through the axial MPR data 
in soft tissue settings (done at start or end of review) 
to exclude any subtle or advanced mural lesion. Cir-
cumferential narrowing or partial wall involvement 
of the colon in advanced cancers can be more subtle 
in the immersed 3D endoscopic view, whereas soft 
tissue wall thickening or irregularity can be better 
seen in the extraluminal viewpoint of 2D MPR.

What are the advantages and disadvantages of 
3D endoscopic fly-through techniques? A strong 
advantage is the increased surface area visuali-
zation, which continues to be aided by improved 
navigational tools. In non-tortuous segments of 
colon, there is a longer period of visualization of 
a focal colorectal lesion over the course of the fly-
through, compared to the brief visualization seen 
while sectoring through a sub segment of the colon 
using 2D MPR cine techniques. This advantage how-
ever is diminished in marked areas of tortuosity or 
areas of collapse. Also focal polypoid lesions can 
be more visibly apparent within the colon lumen, 
compared to 2D, and thus can be easier to see in 3D 
fly-through. Both the potential advantages of longer 
visualization and increased ease of visualization of 
a lesion can lead to greater detection rates with less 
reader fatigue. The disadvantages of 3D endoscopic 
fly-through can include longer length of evaluation 
to complete review of the antegrade and retrograde 
paths. In tortuous colons, surface areas visualiza-
tion around the inner curve of a turn can be initially 
missed. Importantly, any increased sensitivity to 
detect more lesions needs to be scrutinized rela-
tive to specificity. Namely, improvements in lesion 
detection with increased surface area visualization 
must be achieved, without increased false positive 
rates.

In summary, use of 2D MPR and 3D display 
techniques optimally are best used with seamless 
integration to exploit their inherent advantages 
and diminish their disadvantages. Although there 
is increasing use of the 3D fly-through technique 
with improved computer graphics and navigational 
aids, use of 2D MPR as a primary review may still 
be needed in specific segments or sub-segments not 
amenable to 3D. Specifically, areas best evaluated 
with 2D MPR primarily may include areas of marked 
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muscular hypertrophy from diverticulosis, sharp 
hairpin turns, colonic collapse, or marked fluid 
retention. In these areas, the 3D fly-through may 
be suspended, with transition to 2D MPR through 
a given region. In addition, in areas where multiple 
focal findings are being detected in 3D raising the 
concern for stool retention, evaluation in 2D MPR 
may allow a better overall characterization. Thus, 
given differences in image quality and anatomy 
which vary within or between patients, complemen-
tary use of 2D or 3D can be selectively utilized for 
improved visualization.

Appropriate training is important to acquire the 
new skills of these techniques. Currently both aca-
demic and commercial programs for reader training 
are available. A highly recommended source of these 
sites is available at the International Symposium of 
Virtual Colonoscopy held each fall in Boston. With 
training, primary review of the colorectal lesions 
(not including extra-colonic findings) using either 
technique to complete a normal data set with good to 
excellent image quality has been stated by experts to 
range from five to ten minutes. A recently developed 
clinical service may benefit initially from double 
reading of cases among trained colleagues.

7.2.3 
3D Transparency View (Edge-Enhanced View)

In addition to the primary modes of interpretation, 
the 3D transparency view provides an effective visu-
alization to display the overall colonic anatomy and 
to demarcate where focal findings are. Although this 
view is not helpful in making the diagnosis, its role 
to summarize the findings in a consistent and accu-
rate way is important for current management and 
future surveillance of lesions. Similar to the barium 
enema in appearance, this view can give an effective 
roadmap for the gastroenterologist or surgeon. Even 
in cases with no lesions, standard AP and bilateral 
oblique views can be helpful for future reference.

7.2.4 
Future Advances in Image Display Techniques

How we interpret virtual colonography in 2005 
will probably change dramatically in the next five 
to ten years. Important influences will be the fur-
ther refinement of computed aided diagnosis and 
molecular imaging. Computed aided diagnostic 
algorithms in CTC are being actively explored in 

academic and commercial efforts. If sensitivity can 
be achieved across the complexity of colorectal 
morphologies, without a compromise of specificity, 
remarkable efficiency of the data evaluation will be 
achieved. Whether CAD is used optimally as a pri-
mary read or a secondary read will be interesting to 
evaluate. As molecular imaging techniques continue 
to evaluate functional information at cellular and 
molecular levels, colorectal applications may shift to 
other modalities, such as MR and optical imaging. 
Certainly the success of molecular imaging could 
lead to a phenomenal break-through of detection 
of clinically significant lesions in the polyp-carci-
noma pathological continuum, along with focused 
therapy.

7.3 
Different Categories of Colorectal 
Morphologies

There are common types of colorectal morpholo-
gies evaluated in CT colonography. These include 
the focal polypoid lesion, pedunculated lesion, flat 
or sessile lesion and advanced mural lesions. This 
section will describe these morphologies and their 
corresponding false positive counterparts. The dif-
ferential application of 2D and 3D image displays to 
assess these morphologies will also be reinforced.

7.3.1 
Focal Polypoid Lesions (r/o stool)

One of the most common colorectal morphologies 
is the focal polypoid lesion. This is also the most 
common morphology of the false positive lesion of 
retained stool. Thus discernment between a focal 
polyp and stool are critical. Key features include 
the following:

The morphology of a focal polyp is typically 
smooth and round (Fig. 7.1). Although stool can also 
be similar in morphology, margins which are more 
geometrical or angular are highly suggestive of stool 
(Fig. 7.2). A polypoid lesion is typically soft tissue 
in density; however lesions which are increased in 
density are highly specific of stool. Stool can also be 
low attenuation or opaque; however this can overlap 
with the partial volume effects of smaller polyps, 
depending on the collimation used. A focal polyp 
can have air around the edges where it abuts the wall; 
however central focal pockets of air within a lesion 
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Fig. 7.1a–e. Typical features of a true positive polypoid morphology (arrows), demonstrating smooth margins, soft tissue density 
and constant location between prone and supine positions: a prone axial 2D MPR and b supine axial 2D MPR in polyp set-
tings (W 1500, L –200); c axial 2D MPR with soft tissue settings (W 400, L 10) confi rms polyp density; d 3D perspective volume 
rendered view demonstrates smooth polypoid morphology; e 3D transparency view gives roadmap of colonic anatomy, with 
arrow demarcating location of lesion

is diagnostic of stool (Fig. 7.3). Shift vs constancy of 
location of a focal finding relative to the colon wall 
is important. A polypoid lesion will stay fixed in the 
same position relative to the wall between prone and 
supine images. In contrast, the finding of stool which 
drops dependently is highly characteristic (Fig. 7.4). 
There are exceptions to this. A sigmoid polyp may 
appear to shift dependently on prone and supine 

images, but actually the redundancy of the sigmoid 
mesentery is what shifts (Laks et al. 2004). Stool can 
be adherent to the wall, which has been described 
with the phospha-soda bowel preparations. Also, 
a pedunculated polyp which does not demonstrate 
its stalk can appear to drop dependently. Finally, if 
intravenous contrast is used, differences in enhance-
ment can be seen. Polyps potentially can enhance, 
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Fig. 7.2a–d. Typical features of false positive retained stool (arrows), demonstrating high density or angular margins: a axial 2D 
MPR (W 1500, L –200) shows focal polypoid lesion, compared to b; b axial 2D MPR (W 400, L 10) in soft tissue settings better 
demonstrates high density of stool; c axial 2D MPR view shows angular margins of another area of stool; d 3D perspective volume 
rendered view demonstrates dilemma of detection of multiple focal lesions, some demonstrating angular margins of stool

Both 2D and 3D techniques help to evaluate these 
characteristics. The morphologic features of round 
or smooth vs angular or geometric margins are best 
seen with 3D endoscopic views. Inherent density, 
location, focal pockets of air, and degree of enhance-

whereas stool will not enhance. As diagnostic CT 
is exploited to stage the liver along with evalua-
tion of the colorectal lesions, the increasing use of 
IV contrast may lead to better understanding of the 
enhancement characteristics of polyps.

Fig. 7.3a,b. Polypoid lesions with focal pockets of air seen in true polyp vs stool, best shown in axial 2D MPR: a true positive 
sessile polyp (arrow) with air around edges of lesion (arrowheads), where lesion abuts the wall; b false positive of stool (arrow) 
with central pockets of air (arrowheads)
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Fig. 7.4a–d. False positive lesion of retained pill (arrow) with characteristic shift of position: a axial 2D MPR supine image 
(W 1500, L –200) demonstrates a polypoid lesion; b axial 2D MPR view in soft tissue window settings (W 400, L 10) better shows 
low density of pill; c axial 2D MRP prone image in soft tissue settings better demonstrates shift to dependent position of pill, 
consistent with false positive; d 3D volume rendered view of pill mimics a polyp

ment is best evaluated with 2D MPR. As stool tag-
ging continues to be developed, the ability to see 
high density within residual stool will further aid 
differentiation of polyp from stool.

7.3.2 
Pedunculated Lesions

The pedunculated lesion, comprised of a round 
polyp head with a linear stalk, is a very distinguish-
able lesion. The challenge is how different these 
lesions can appear between prone and supine data 
sets (Fig. 7.5). On one data set, the polyp head can 
be suspended dependently from the stalk, whereas 
on the corresponding data set both polyp head and 
stalk can lie dependently together along the wall. 
If the stalk is long enough, lesions on the border 
between two segments can lie in different adjacent 
segments between prone and supine views. Also of 
importance is the variability in lesion measurement 
with such morphological differences between views. 

A consistent reporting style is to measure the polyp 
head, with exclusion of the stalk. Thus, choosing 
the image where the polyp head and stalk are best 
discerned provides the more accurate and reproduc-
ible measurement (Fig. 7.5).

In general, 3D endoscopic views can provide 
improved visualization of these morphological fea-
tures. One exception would be the visualization of 
the highly characteristic stalk of a pendunculated 
lesion in a segment with marked muscular hyper-
trophy of diverticulosis. In this setting, 2D MPR may 
offer an advantage, due to the impaired endoscopic 
visualization within the thickened folds (Fig. 7.6).

7.3.3 
Sessile/Flat Lesions 
(r/o thick or confluent Folds)

These lesions are currently considered the most 
challenging lesions to detect (Fig. 7.7). One impor-
tant issue is the variability in definition of the terms. 
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Fig. 7.5a–d. Typical features of a pedunculated polyp in sigmoid colon, demonstrating polyp head (arrow) and characteristic 
stalk (arrowheads), with marked changes between positions: a axial 2D MPR and b 3D volume rendered view in prone position 
demonstrates polyp head and stalk. Accurate measurement of long axis of polyp head, excluding the stalk, is shown; c axial 
2D MPR and d 3D volume rendered view in prone position shows shift to dependent position with corresponding change in 
morphology
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Fig. 7.6a,b. Pedunculated lesion in area of luminal narrowing and marked diverticulosis: a axial 2D MPR view best visualizes 
the characteristic stalk (arrows) from the polyp head (arrowhead), compared to b; b 3D volume rendered view, with polyp head 
shown (arrowheads), but stalk obscured by luminal narrowing and muscular hypertrophy
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“Sessile” is generally defined as a lesion with a polyp 
base that is twice as long as the polyp height. Thus a 
1 cm high lesion with a 2-cm base could be defined 
as sessile. This is very different from a “flat” lesion 
which is generally defined as a lesion measuring 
1–3 mm in height. Unfortunately, the literature is 
inconsistent with these definitions and reported sen-
sitivities have varied. Fidler et al. (2002) reported 
a sensitivity range of 15–65% to detect 22 sessile 
polyps (size range of 0.4–3.5 cm) in a cohort of 547 
patients. Pickhardt et al. (2004) reported a sensi-
tivity of 80% (47/59 polyps) to detect sessile lesions 
(defined as lesions with a base greater than height) 
in the cohort of 1233 screening patients.

The most common false positive counterpart to 
the flat or sessile lesion is a thickened fold or conflu-

ence of folds (Fig. 7.8). For these types of challenging 
lesions, both 2D MPR (in soft tissue window-level 
settings) and 3D views have advantages and disad-
vantages. Both techniques should be explored to 
detect and characterize these lesions best.

7.3.4 
Advanced Mural Lesions (r/o collapse)

CT colonography has reliably shown high sensi-
tivity to detect advanced mural lesions (Fig. 7.9). 
A potential challenge in CT colonography is the 
discernment between an advanced mural lesion of 
advanced cancer from an area of focal collapse with 
relative wall thickening (often seen at points of flex-
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Fig. 7.7a–d. Sessile lesion (arrows) along a fold poses a challenge in detection: a,b axial 2D MPR images partially demonstrate 
the sessile lesion as an asymmetric bulge along the fold (best demonstrated with cine motion not shown); c 3D volume ren-
dered view better demonstrates overall morphology of lesion; d correlative view from optical colonoscopy (copyright given by 
Radiology for McFarland et al. 2002)
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Fig. 7.8a–c. False positive of confl uence of folds (arrows) mimicking a 
fl at lesion: a 3D volume rendered view raises concern for a fl at lesion; 
b axial 2D MPR in soft tissue settings also demonstrates fl at morphol-
ogy; c sagittal 2D MPR best demonstrates confl uence of folds

ures, tortuosity, or muscular hypertrophy). At CT 
colonography, an advanced cancer will tend to stay 
fixed between prone and supine imaging, whereas 
an area of collapse can change in distention between 
positions. A cancer will typically have irregularity of 
the soft tissue rind along the wall, whereas focal col-
lapse or muscular hypertrophy will be more smooth 
and symmetric (Fig. 7.10). If intravenous contrast is 
given, a cancer may have more irregular enhance-
ment, whereas focal collapse of normal colon will 
enhance symmetrically.

The importance of 2D MPR with soft tissue set-
tings (window 400, level 10) needs to be emphasized 
with these types of lesions. Whether this is subtle 
mural thickening or advanced, the 2D MPR views 
give valuable information of the mural relation-
ships, which extend beyond the “lumenography” 
of the 3D fly-through (Fig. 7.11). In addition the 
3D transparency view, which simulates the barium 
enema, can be a powerful view to display the lesion 
for others to appreciate the size and location of the 
cancer.

7.4 
Standardization of Reporting of Clinically 
Significant Colorectal Findings

The Virtual Colonoscopy Working Group, repre-
sented by an organized group of CTC investigators 
at the International Virtual Colonoscopy annual 
meeting, recently published a consensus statement 
regarding the early development of a reporting struc-
ture of colorectal findings (Zalis et al. 2005). This 
reporting structure, named “C-RADS” helps to lay 
the groundwork for structured reporting of lesion 
morphology, size, and location, and preliminary 
recommendations of lesion surveillance. Although 
this effort now needs to be refined with multi-dis-
ciplinary consensus, it represents an important step 
towards more consistent and reproducible reporting 
at CT colonography.

C-RADS describes the use of three morphologies 
of lesions: sessile (broad based lesion whose width is 
greater than its vertical height), pedunculated (polyp 
with a separate stalk), and flat (polyp with vertical 
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Fig. 7.9a–d. Advanced mural lesion (arrows): a prone non-contrast axial 2D MPR demonstrates advanced mural lesion; b supine 
contrast enhanced axial 2D MPR shows enhancing mass immersed in fl uid; c 3D volume rendered intraluminal view demon-
strates mural mass of cancer; d 3D transparency view shows classic apple-core lesion
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Fig. 7.10a,b. Advanced mural lesion (arrows) vs collapse (arrowheads): a sagittal 2D MPR view shows mural thickening of 
advanced cancer vs area of luminal collapse without mural thickening; b 3D edge enhanced view also demonstrates these two 
areas
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Fig. 7.11a–e. Subtle advanced mural lesion with poly-
poid (white arrow) and stalk (white arrowheads) 
components, along with infi ltrative T3 mural inva-
sion (open arrows), best seen in soft tissue MPR 
views: a supine axial 2D MPR (W 1500, L –200) 
does not demonstrate lesion well, compared to b; b 
supine axial 2D MPR in soft tissue settings (W 400, 
L 20) best demonstrates the polypoid component 
and fl at soft tissue mural infi ltration; c prone axial 
2D MPR shows immersed lesion requires a nar-
rower soft tissue window setting (W 900, L 300) to 
see through the fl uid; d optimized 3D view shows 
polypoid and infi ltrative mural components (only 
seen retrospectively); e corresponding view at opti-
cal colonoscopy
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height less than 3 mm). Lesion measurement is crit-
ical for clinical management and can vary among 
readers. C-RADS defines the measurement of a 
polypoid lesion to be the maximal long axis of the 
polyp head, with exclusion of the stalk if present. For 

more sessile lesions, the maximal length along the 
base of the polyp should be used. Both 2D MPR and 
3D techniques have been advocated for measure-
ment, both of which certainly are felt to exceed the 
accuracy of axial measurements (Pickhardt 2005). 
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Lesion location refers to the standardized colonic 
segmental divisions of rectum, sigmoid, descend-
ing, transverse, ascending and cecum.

Recommendations of lesion surveillance are of 
active debate. At the heart of this issue is the con-
troversy of what is the clinical index lesion of sig-
nificance. In a recent future trends report initiated 
by the American Gastroenterology Association, the 
clinical significance of the intermediate 6–9 mm 
polyp poses the largest debate (Van Dam et al. 2004). 
Further multi-disciplinary consensus will now be 
needed to refine these recommendations.

The suggested categories of lesions are as follows. 
A C0 category represents an inadequate study (e.g., 
inadequate prep or insufflation) or a study await-
ing prior comparisons. A C1 category is a normal 
colon (no lesions or lesions <5 mm) or a benign 
lesion (e.g., lipoma). A C2 category is an intermedi-
ate polyp (e.g., less than three 6- to 9-mm polyps) or 
indeterminate finding (e.g., cannot exclude a polyp 
>6 mm). A C3 category designates clinically sig-
nificant polyps (e.g., polyps >10 mm or greater than 
three 6- to 9-mm polyps). A C4 category is a colonic 
mass, which is likely malignant. Surveillance guide-
lines are still being refined; however each patient 
needs to be evaluated in the clinical context of age, 
comorbidity, colorectal symptoms and a priori con-
cern for colorectal cancer.

Finally, C-RADS discusses the reporting of extra-
colonic findings. To achieve cost effectiveness, the 
judicious reporting of extra-colonic findings to 
minimize unnecessary additional imaging tests will 
be critical. Significant extra-colonic findings, such 
as abdominal aortic aneurysms, solid renal or liver 
masses, adenopathy and lung nodules (greater than 
1 cm) are emphasized. Less significant findings, 
such as small liver and renal cystic lesions (common 
findings which are often difficult to characterize 
without contrast), and gallstones hopefully will be 
under-reported. Further definition of how to cat-
egorize and follow these findings will be important.

In summary, C-RADS begins the process of 
standardization during the continuum of change 
and improvement. The RSNA initiative of RADLEX 
will mature the elements of informatics to this proc-
ess. Multi-disciplinary consensus of radiologists, 
gastroenterologists, internists, surgeons, patholo-
gists, and epidemiologists will hopefully continue 
to define and standardize clinical issues of impor-
tance. At the core of these issues will be definition 

of what constitutes a clinically significant lesion, 
with appropriate surveillance recommended within 
the clinical context of comorbidity, age and colorec-
tal symptoms. As standardization is refined during 
ongoing evolution of the technique, an active proc-
ess of quality assurance will be helpful for commu-
nity implementation.
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now, a wide range of sensitivities has been reported 
(Fletcher et al. 2005), even for the largest lesions 
(>9 mm): Johnson et al. (Johnson et al. 2003) 
reported a major inter-observer variability, with 
sensitivity ranges between 32% and 73%, whereas 
Pickhardt et al. (Pickhardt et al. 2003) reported 
excellent sensitivities of 93.8%. This wide range of 
reported sensitivities is one of the major reasons 
for gastrointestinal endoscopists not to advocate the 
technique as screening tool yet (Hwang and Wong 
2005; Pickhardt 2005).

In depth analysis of the different results has 
shown numerous possible causes for the reported 
differences in accuracy, including a learning curve, 
influencing sensitivity (Spinzi et al. 2001), as well 
as specificity (Gluecker et al. 2002). This learning 
curve includes the whole process of CTC: patient 
preparation, scanning technique (including patient 
positioning, colon insufflation, and scanning 
parameters), image manipulation and interpreta-
tion (Taylor et al. 2004).

Each step in the process of a CTC examination 
has its own potential dangers of hindering a final 
correct diagnosis.

In this chapter, different causes of false positive 
and false negative diagnosis are reviewed, and pos-
sible solutions to overcome these problems are pro-
posed.

In the first part, false positive diagnosis will be 
reviewed, in the second part, false negative diagno-
sis are reviewed.

The figures represent a pictorial review of the dif-
ferent pitfalls, with lessons to overcome those pit-
falls, marked italic in the figure legend.

8.2 
False Negative Diagnosis

Overall, false negative diagnosis can be related 
to errors in characterisation, failure to detect the 
lesions, or a combination (Fidler et al. 2004).
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8.1 
Introduction

A major requisite, prior to the use of CTC as a 
screening tool, is to achieve an accuracy level com-
parative to that of conventional colonoscopy. Until 
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8.2.1 
Failure to Detect the Lesion

8.2.1.1 
Preparation Related False Negative Diagnosis

There are two main bowel preparations available: 
cathartics, such as magnesium citrate and phos-
phosoda, and gut lavage solutions, such as polyeth-
ylene glycol (PEG).

PEG is known as a “wet prep”, leaving a clean 
colon filled with residual fluid. Residual fluid does 
not hinder colonoscopic evaluation because of the 
ability of the colonoscopist to aspirate the residual 
fluid. In CTC however, PEG results in fluid filled 
segments, impeding full mucosal visibility, result-
ing in false negative diagnosis.

Prone supine imaging might overcome this prob-
lem in some way (Fig. 8.1), but is still insufficient to 
guarantee a complete colon evaluation (Gryspeerdt 
et al. 2002).

Fluid tagging has been proposed to overcome 
the problem of drowned segments: the fluid can be 
tagged either by barium, iodinated contrast mate-
rial, or a combination (Lefere et al. 2002; Zalis 
et al. 2003; Pickhardt et al. 2003; Pineau et al. 
2003). As a result, the polyp can be detected as a 
hypodense structure in the tagged, hyperdense 
fluid levels (Fig. 8.2). Additionally, there is the pos-
sibility of electronic cleansing, removing the tagged 
fluid level, resulting in complete mucosal visibility 
(Zalis et al. 2003; Pickhardt et al. 2003).

Preparation without cathartic cleansing, so-
called “dry preparation” is currently being evalu-
ated as the ultimate reduced preparation, further 
improving patient compliance, and almost eliminat-
ing residual fluid (Bielen et al. 2003; Callstrom et 
al. 2001; Lefere et al. 2004; McFarland and Zalis 
2004; Pickhardt et al. 2003; Zalis et al. 2003).

8.2.1.2 
Technical Artefacts

A major technical artefact is caused by suboptimal 
distended or even undistended segments, possibly 
hiding polyps.

Spasmolytic agents can be used to improve colonic 
distention.

There are two main spasmolytic agents: glucagon 
(a single chain polypeptide hormone that increases 
blood glucose and relaxes the smooth muscle of the 
gastrointestinal tract), and butylhyoscine (Busco-
pan) used in Europe and Asia to induce bowel hypo-
tonia.

The rationale to use spasmolytic agents is a pos-
sible improved colonic distention, and reduced pro-
cedural pain.

Goei et al. (Goei et al. 1995) found Buscopan to 
be more effective in distending the colon than glu-
cagon, which is in agreement with the findings of 
both Yee et al. (Yee et al. 1999 ) and Morrin et al. 
(Morrin et al. 2002) who found that colonic disten-
tion was not improved after glucagon administra-

Fig. 8.1a,b. False negative diagnosis due to a non-tagged, fl uid drowned segment: a prone image shows a fl uid level (arrows), 
impeding visualisation of a stalked polyp; b the stalked polyp is clearly seen on the supine image (arrow). Lesson: Prone/supine 
imaging is useful to prevent false negative diagnosis in case of fl uid fi lled segments

a b
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tion. Therefore, the use of glucagon is abandoned at 
this moment.

Bruzzi et al. (Bruzzi et al. 2003) found that 
Buscopan should not be used routinely, but is useful 
in patients with diverticular disease. Taylor et al. 
(Taylor et al. 2003a) on the other hand found the 
effect of Buscopan also extends to those without 
diverticular disease.

Orally administered Buscopan has also proven 
useful during barium enema (Bova et al. 1999).

In our institution, we routinely use Buscopan: 
10 mL diluted in 100 mL of 0.9% sodium chloride 
and administered intravenously at a rate of 10 mL/
min.

The reason is the subjective impression of reduced 
procedural pain, and the fact that procedural spasm 
can mimick tumor (see below) or impedes adequate 
evaluation.

A persistent spasm can be differentiated from 
tumoral lesions by its smooth contours, and the 

absence of surrounding lymph nodes. In some 
instances, additional inflation might be necessary 
to solve the problem (see Sect. 8.3.2.2).

The problem of segmental collapse can also be 
solved by prone-supine imaging (Fig. 8.3).

8.2.1.3 
Normal Anatomy and Areas of Danger

Normal anatomy may cause false negative diagno-
sis in that normal anatomical structures can hide 
polyps: thickened semilunar folds typical hide 
polyps in either antegrade or retrograde three-
dimensional evaluation (Fig. 8.4). The same holds 
true for complex folds at the hepatic or splenic 
flexure, possibly hiding small polyps, impossible 
to detect using standard antegrade and retrograde 
three-dimensional views. To overcome the problems 
of inadequate visualisation of the colonic lumen, 

Fig. 8.2a–c. True positive diagnosis in a tagged, fl uid drowned 
segment: a supine image shows a hypodense structure in a 
tagged, hyperdense fl uid level (arrows), suspicious for a ses-
sile polyp; b,c the presence of a 5-mm sessile polyp (arrows) 
is confi rmed on prone (b) and endoluminal 3D image (c). 
Lesson: Fluid tagging can be used to overcome the problem 
of drowned segments: polyps can be detected as a hypodense 
structure in a tagged, hyperdense fl uid level

a b

c
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cers of the ileocecal valve should not be mistaken for 
lipomatous or papillary transformations. Different 
window settings are helpful in revealing the cancer-
ous nature of the lesions.

8.2.1.4 
Diverticular Disease

In case of diverticular disease, prominent semi-
circular folds, luminal narrowing and distortion 
impede good visualisation of the colonic surface 
resulting in difficult detection of polypoid lesions. 
In fact, as optimal detection of polyps is only 
achieved in well-distended segments of the colon, 
special care has to be taken when examining the 
involved segments with shortened haustrations 
and increased luminal tortuosity. In order not to 
interpret a polyp as a thickened fold, or vice versa, 
it is important to examine each semicircular fold by 
scrolling back and forth through the axial images. 
Imaging in both abdominal and lung window set-
tings is mandatory to detect focal wall thickenings 
and luminal filling defects, respectively.(Lefere 
et al. 2003) Frequent comparison between 2D and 
3D images is recommended (McFarland 2002) 
(Fig. 8.10).

Fig. 8.3–c. False negative diagnosis due to incomplete disten-
sion: a supine image shows a suboptimal distended sigmoid 
(arrows in a); b,c prone image shows a good distension of the 
sigmoid, revealing the presence of a tumoral lesion (arrows 
in b). The tumoral lesion is better appreciated using abdomi-
nal window settings (arrows in c), compared to intermediate 
window settings (arrows in b). Lesson: Optimal distension is a 
prerequisite to detect colonic lesions. Optimal distension can 
be achieved by dual positioning and routine use of butylhyo-
scine (Buscopan)

a b

c

different three-dimensional reconstruction meth-
ods have been developed, improving the detection 
of polyps on three-dimensional endoscopic views 
such as virtual colonic dissection or unfolded cube 
(Hoppe et al. 2004; Vos et al. 2003; Luo et al. 2004). 
Each of these different viewing modes aim to dis-
play the whole colonic lumen at one view, obviating 
the need of turning the virtual camera in different 
angles.

The cecum, hepatic flexure, transverse colon, 
splenic flexure, and sigmoid colon, are to be consid-
ered as “areas of danger” because of the convoluted 
and mobile nature.

The mobile nature of these segments mimicks 
positional change of lesions, possibly causing erro-
neous diagnosis of “mobile” residual stool (Fig. 8.5) 
(Park et al. 2005).

Although the rectum is straight and not mobile, 
one has to take care of not missing rectal lesions. 
False negative diagnosis of rectal lesions may be 
caused by “readers fatigue” if one starts at the cecal 
level, or by rectal balloon catheter hiding rectal 
lesions (Pickhardt and Choi 2005) (Fig. 8.6).

The ileocecal valve is an important “mimicker” of 
pathology (see below), but one has to keep in mind 
that the ileocecal valve might hide polyps (Figs. 8.7 
and 8.8), or can even be cancerous (Fig. 8.9). Can-
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a b

c d

Fig. 8.4a–d. False negative diagnosis: small sessile lesions, located between haustral folds: a,b antegrade (a) and retrograde endo-
luminal views (b) show normal haustral folds in the ascending colon; c corresponding coronal MPR image shows a small sessile 
lesion, located between two haustral folds (arrow); d lateral endoluminal 3D image reveals the polyp, located between haustral 
folds.(arrow). Lesson: Primary 3D read should include different viewing angles, either by turning the virtual camera, either by 
using dedicated software, offering different three dimensional reconstruction methods, thus showing the whole colonic wall

Fig. 8.5a,b. False negative diagnosis: polyps simulating fecal residue in mobile segments. Differential diagnosis of mobile stool 
or small sessile lesions in a mobile transverse colon: a supine scan shows two lesions in the transverse colon. (arrows); b prone 
scan shows the lesions in the transverse colon in an apparent different position (arrows). Conventional colonoscopy revealed 
the presence of two small sessile polyps. Lesson: Polyps, located in mobile colonic segments such as the transverse colon can 
cause erroneous diagnosis of “mobile” residual stool

a b
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Fig. 8.6a,b. False negative diagnosis: rectal balloon catheter hiding rectal polyp: a prone scan after removing the rectal balloon 
clearly shows a large stalked polyp (arrow); b the polyp is hidden by the rectal balloon on supine image.(arrow). Lesson: Thick 
rectal balloon catheters can hide rectal lesions. Therefore, remove rectal balloon catheter on prone scan

a b

Fig. 8.7a–c. False negative diagnosis: differentiate small ses-
sile polyps located on the ileocecal valve from normal vari-
ations of the ileocecal valve. Although the ileocecal valve is 
an important “mimicker” of pathology, one has to keep in 
mind that polyps can arise on the ileocecal valve (arrows). 
Evaluation in: a “intermediate” window setting as well as; b 
“abdominal window setting”, combined with: c 3D endolu-
minal view are helpful to differentiate polyps from tumoral 
(see Fig. 8.9) or lipomatous transformation of the ileocecal 
valve (see Fig. 8.26). Lesson: For the evaluation of pathology 
of the ileocecal valve, always use different window settings, in 
combination with endoluminal 3D evaluation

a b

c
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Fig. 8.8. Small sessile polyp located in the ileocecal valve. 
Although most polyps are located on the ileocecal valve, 
polyps can also arise in the ileocecal valve (arrow)

Fig. 8.9a–c. False negative diagnosis: patient with Crohns’ 
disease: tumoral transformation of the ileocecal valve to be 
differentiated from lipomatous transformation of the valve: 
a axial 2D image shows a dense, extremely enlarged ileocecal 
valve on abdominal window settings (thus excluding the pos-
sibility of lipomatous transformation) (arrows); b a hyper-
trophic ileocecal valve is also seen on endoluminal 3D images 
(arrows); c corresponding conventional colonoscopic image 
shows tumoral transformation of the ileocecal valve.(arrows). 
Lesson: In case of an extremely enlarged and dense ileocecal 
valve, keep in mind the possibility of tumoral transformation, 
to be differentiated from papillary transformation or lipoma-
tous infi ltration of the ileocecal valve. (Fig. 8.27). Abdominal 
window settings are helpful in excluding the possibility of 
lipomatous transformation of the ileocecal valve

a b

c
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8.2.1.5 
Sessile Polyps

Although sessile polyps have a high conspicuity, if 
located between folds (Fig. 8.11), those lesions may 
remain undetected in case the lesions are located on 
a semilunar fold (Fig. 8.12).

A thickened fold in an otherwise well distended 
colon might therefore point to the correct diagnosis 
of a sessile polyp on a haustral fold (Fidler et al. 
2004) (see also Fig. 8.18).

a b

c d

Fig. 8.10a–d. False negative diagnosis: thickened folds in diverticular disease, hiding a small sessile polyp. Diverticular disease 
is characterised by thickened semilunar folds. The luminal narrowing and the thickened semilunar folds make primary three 
dimensional evaluation extremely diffi cult: a,b there is a normal antegrade (a) and retrograde view (b) of the narrow lumen 
with thickened folds in a patient with diverticular disease; c corresponding axial 2D image shows a small polyp, interspaced 
between two thickened semilunar folds. (arrow); d tailored endoluminal 3D image shows the small polyps (arrow) interspaced 
between thickened haustral folds. Lesson: In case of diverticular disease, frequent comparison between 2D and 3D images is 
necessary, in order not to miss small polyps, interspaced between thickened haustral folds

8.2.1.6 
Small Lesions and Small Flat Lesions

Park et al. (Park et al. 2005) found that for the 
lesions that were not detected for reasons not appar-
ent on retrospective analysis, size of the lesion was 
the only significant factor associated with lesion 
detectability. Lesions 5 mm or smaller are more dif-
ficult to visualize than those 6 mm or larger. Up to 
50% or more of those lesions smaller than 5mm are, 
however, non-adenomatous, and the need to detect 
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Fig. 8.11a,b. Sessile polyp located between a haustral fold. Polyps located between normal haustral folds are easy to detect on: 
a axial 2D image (arrow), and; b corresponding endoluminal 3D image (arrow)

a b

Fig. 8.12a–d. False negative diagnosis : sessile polyp located on a haustral fold. Polyps located on a haustral fold are diffi cult to 
detect on: a axial 2D images (arrow); b sagittal 2D images; c coronal 2D images, showing a thickened haustral fold in an other-
wise well distended segment; d corresponding endoluminal 3D image nicely shows a polyp on a haustral fold (arrow). Lesson: 
A thickened haustral fold in an otherwise well-distended segment is suspicious for a polyp on a haustral fold

a b

c d
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those lesions is therefore questionable (Macari et 
al. 2004; Pickhardt et al. 2004a).

Flat lesions are defined as lesions with a height 
less than half the lesion diameter (Dachman and 
Zalis 2004). This definition includes a wide range of 
flat lesions, including small as well as large lesions.

Small flat lesions will be missed, even on retro-
spective analysis, for the same reason as small ses-
sile lesions: small lesions are just more difficult to 
visualise (Macari et al. 2003) (Fig. 8.13).

Larger flat lesions may also cause false negative 
diagnosis, because of failure to correctly character-
ise the lesion (see 8.2.2.2).

8.2.2 
Failure to Characterise the Lesions

8.2.2.1 
Annular Stricturing Lesions

Annular structuring lesions may be misinterpreted 
as either spasm (Figs. 8.14 and 8.15) or residual fecal 
material. The use of fecal tagging with an oral con-
trast agent (Thomeer et al. 2003; Zalis et al. 2003; 
Pickhardt et al. 2005) seems to help in avoiding 
interpretive errors caused by residual fecal material.

8.2.2.2 
Larger Flat Lesions

Flat lesions can be divided into flat adenomas, flat 
depressed adenomas, plaque-like carcinomas and 
carpet lesions (Galdino and Yee 2003).

As discussed, small flat lesions are difficult to 
detect for the same reason as small sessile lesions: 
detection is hampered by resolution.

Larger flat lesions however are also difficult to 
detect and to characterize for several reasons.

First of all, there is the problem of insufficient 
awareness and familiarity with those lesions: sur-
veillance programs, based on the known adenoma-
carcinoma sessile or pedunculated lesion, have 
mainly focused on identifying sessile of peduncu-
lated polyps. This explains why flat lesions are fre-
quently characterised as normal folds. As a rule, a 
thickened fold in an otherwise well distended colon 
should raise the question whether or not this lesion 
could represent a flat lesion.

Second, the plaque-like morphology is likely to 
be mistaken for residual fecal material (Park et al. 
2005): the use of oral contrast media may there-

fore help in detecting flat lesions. Third, the size 
and morphology of the lesions explain the neces-
sity of different window settings (Dachman et al. 
2004; Fidler et al. 2002): detection of flat lesions 
is improved by using abdominal window settings, 
rather than the routinely used intermediate window 
settings (Fig. 8.16). The necessity to change window 
settings also explains the low conspicuity of flat 
lesions, even the larger ones.

Reviewing the literature shows two different mor-
phological characteristics for flat lesions.

If the lesions are located between haustral folds, 
they appear as a small flat protuberance; if they are 
located on haustral folds, or near haustral folds, 
they are associated with minimal fold irregularity; 
if they arise from a haustral fold, they project into 
the lumen, creating a cigar-like appearance.

Optimal bowel preparation and distention are 
therefore prerequisites to detect flat lesions.

Flat adenomas measuring 6 mm or greater are, 
however, uncommon in a typical Western screening 
population, and advanced neoplasms are rare. Flat 
lesions should therefore not be considered a signifi-
cant drawback for virtual colonoscopy screening 
(Pickhardt et al. 2004b).

8.2.2.3 
Small Sessile Polyps

Small sessile polyps frequently represent hyper-
plastic polyps. Hyperplastic lesions tend to flatten 
out in well distended segments, explaining the fact 
that those lesions might only be visible in somewhat 
underdistended segments. In that way, those lesions 
are frequently only recognised on either prone or 
supine position, and can therefore be mistaken as 
residual stool.

Hyperplastic lesions however are not to be consid-
ered precancerous, and should therefore be consid-
ered as “leave-alone” lesions. Misinterpreting those 
lesions as residual stool is therefore rather beneficial 
for the patients, avoiding unnecessary conventional 
colonoscopy (Pickhardt et al. 2004a) (Fig. 8.17).

8.2.2.4 
Sessile Cancers

Sessile cancers, if detected, may remain unrecog-
nised by the fact that the lesions are characterised as 
normal fold; correlating axial 3D images with endo-
luminal views is helpful in this respect (Fig. 8.18).



How to Avoid Pitfalls in Imaging. Causes and Solutions to Overcome False Negatives and False Positives 97

Fig. 8.13a–c. False negative diagnosis: small (<5 mm) sessile 
lesion. The fi gure shows a small sessile 3-mm polyp, prospec-
tively missed. Retrospectively, the lesion was identifi ed on: 
a axial image (arrow); b endoluminal 3D image (arrows); c 
corresponding conventional colonoscopic image shows a 
small polyp, representing a hyperplastic polyp on pathologi-
cal examination (arrows). Lesson: Small polyps (<5 mm) are 
diffi cult to detect. However, up to 50% of those lesions are 
non-adenomatous, and the necessity to detect those lesions 
is therefore questionable

a b

c

Fig. 8.14a,b. False positive diagnosis: spasm mimicking annular structuring lesion. Spasm can closely resemble annular stric-
turing lesions (see Fig. 15): a a non-distended sigmoid region (arrow) in prone position; b corresponding supine image shows 
a normal sigmoid

a b
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Fig. 8.15a,b. False negative diagnosis – failure to characterise lesions: annular structuring lesions compared to spasm: a a non-
distended sigmoid region (arrow) in supine position; b corresponding prone images shows a persistent wall thickening with 
shoulder forming (arrows). Conventional colonoscopy showed a tumoral lesion. Lesson: Annular structuring lesions can closely 
resemble spasm. Dual positioning is mandatory to avoid those pitfalls (compare Figs. 14 and 15)

a b

a b

c

Fig. 8.16a–c. False negative diagnosis – failure to characterise 
lesions: fl at lesions. Flat lesion in the caecum at the level of 
the ileocecal valve: a,b axial image at the level of the ileocecal 
valve shows subtle wall thickening on intermediate window 
settings (arrows in a), better appreciated on abdominal 
window settings (arrows in b); c 3D endo-view image shows 
subtle wall thickening (arrows). Pathology showed a tubular 
adenoma. Lesson: Flat lesions have been defi ned as lesions 
with a height less than half the lesion diameter. This nature 
makes them diffi cult to recognize. As in this patient, changing 
the window settings is helpful in diagnosing these lesions
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Fig. 8.17a–c. False negative diagnosis – failure to characterise 
lesions: hyperplastic lesions: a axial, supine 2D image shows a 
small polyp-like lesion (arrow) in a suboptimal distended seg-
ment; b corresponding prone scan shows a better distended 
descending colon, and does not show the lesion anymore. 
Differential diagnosis was made between hyperplastic polyp 
and fecal residue; c corresponding conventional colonos-
copy reveals a small hyperplastic polyp. Lesson: Hyperplastic 
lesions tend to fl atten out in well-distended segments, imped-
ing visualisation in prone or supine position. Therefore, they 
are frequently misinterpreted as mobile fecal residue

a b

c

Pedunculated polyps however change in position 
between prone and supine images, and may moreo-
ver include gas between the stalk and the bowel wall, 
mimicking residual stool (Fig. 8.19).

A pedunculated polyp can also mimick residual 
fluid (Fig. 8.20).

8.3 
False Positive Diagnosis

8.3.1 
Preparation Related False Positive Findings

One of the major reasons why virtual colonoscopy 
is attractive to the patients is its ability to evaluate 
the colon without the need for an intensive colon 
cleansing regimen. Different reduced preparations 
have been evaluated: reduced amount of PEG in 

Sessile cancers may also be mistaken for residual 
stool because of marked surface irregularity, usually 
attributed to residual stool (Gluecker et al. 2004).

8.2.2.5 
Pedunculated Lesions

Pedunculated lesions may remain undetected 
because of mischaracterisation as fecal residues or 
even residual fluid.

Mischaracterisation as fecal residues is caused 
by the fact that there are three observations that are 
made to distinguish stool from polyps: presence of 
gas, morphology (polyps and small cancers have 
rounded and lobulated smooth borders), and the 
mobility. In particular, the mobility of the lesions 
is used in favour of residual stool, analogue to the 
findings on double contrast barium enema (Laks et 
al. 2004).
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Fig. 8.18a–d. False negative diagnosis – failure to characterise the lesions: sessile cancer: a,c broad based thickened haustral 
fold on supine (arrows in a) and prone image (arrows in c) at the hepatic fl exure. Differential diagnosis: complex haustral fold, 
normal thickened fold or sessile cancer; b,d corresponding endoluminal 3D images show distorted and thickened haustral fold 
on supine (arrow in b) as well as prone scan (arrow in d). Conventional colonoscopy showed a fl at sessile cancer. Lesson: Endo-
luminal 3D images are useful to differentiate normal thickened folds from sessile cancers. (compare with Fig. 8.29)

a b

c d

combination with bisacodyl, magnesium carbon-
ate with citric acid (Citramag, Pharmaserve LTD, 
Manchester, UK), a combination of sodium pico-
sulphate with magnesium citrate (Picolax, Ferring 
Pharmaceuticals Ltd, Berkshire, UK), magnesium 
citrate combined with bisacodyl tablets and sup-
pository (Losoprep, EZ-EM, Westbury, NY), fleet 
phosphosoda (Yee 2002; Taylor et al. 2003a, b; 
Gryspeerdt et al. 2002; Macari et al. 2001).

Compared to standard colon cleansing regimens, 
each of these reduced preparations showed fewer 
side effects and disturbances to daily patients life, 
while inviting improved patient compliance.

The driest preparations Picolax (Taylor et al. 
2003a, b), Losoprep (Lefere et al. 2002) and fleet 
phosphosoda (Macari et al. 2001), however, are 
associated with more retained residue, with subse-
quent increased risk of false positive findings. False 
positive findings are mainly related to small fecal 
residue: larger residues will shift between prone and 
supine imaging, while smaller residues stick to the 
wall.

Therefore, there is the need for fecal tagging: 
fecal tagging reduces false positive diagnosis 
(Lefere et al. 2002; Gryspeerdt et al. 2002) 
(Figs. 8.21–8.23).
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Fig. 8.19a–d. False negative diagnosis – failure to characterise the lesions: pedunculated lesions mimicking residual stool: a 
prone image shows a nodular mass (arrows), with air included in the mass (arrowhead in a); b corresponding endoluminal 3D 
image shows a nodular lesion (arrow in b); c supine image shows the lesion is highly mobile (large arrows), and suggests the 
presence of a stalk (small arrows); d the supine-endoluminal image, clearly shows a pedunculated lesion (arrows)

a b

c d

8.3.2 
Technical Artefacts Causing False Positive 
Findings

8.3.2.1 
Breathing Artefacts

Most published studies using single slice CT have 
used a collimation of 3–5 mm and a pitch of 1–2, 
resulting in breath hold times ranging from 35 to 
50 s. Such long breath hold periods were prone to 
breathing artefacts, simulating polyps. The intro-
duction of multislice CT technology now permits 

thinner collimation (1–2.5 mm), and reduced breath 
hold time (15–20 s) (Embleton et al. 2003; Taylor 
et al. 2003c, d). These reduced breath hold times 
virtually eliminate severe artefacts. If patients are 
still unable to maintain a breath hold, left decubi-
tus scanning has been shown a valuable alternative 
to prone scanning, reducing breathing artefacts if 
used as the second scan (Gryspeerdt et al. 2004) 
(Fig. 8.24).
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Fig. 8.20a–d. False negative diagnosis – failure to characterise the lesions: pedunculated lesions mimicking residual fl uid: 
a supine image shows a thick haustral fold (arrow) and suggests the presence of a fl uid level.(arrowheads); b–d corresponding axial 
(b) and endoluminal 3D image (c) in prone position shows the stalk of a pedunculated lesion (arrows in b–d), proven on conventional 
colonoscopy (d). Lesson: Pedunculated lesions may mimick fecal residues (they can include air, due to their stalked nature, and are 
highly mobile) or fl uid levels. Identifying the stalk on 3D endoluminal images points to the diagnosis of a pedunculated lesion

a b

c d

Fig. 8.21a,b. False positive diagnosis: adherent fecal residue. Fecal tagging to facilitate differential diagnosis between fecal resi-
due and polyp. Standard colonoscopic cleansing: false positive diagnosis of polyp due to adherent fecal residue: a supine image 
and; b prone image in a patient with incomplete visualisation of the cecum due to redundancy suggested the presence of a 
10-mm polypoied lesion in the transverse colon (arrows in a and b). Since the transverse colon was reached on repeated con-
ventional colonoscopy, and no lesion was detected, this lesion was interpreted as false positive due to adherent fecal residue. 
Arrowheads in a and b: non-tagged fl uid levels, adherent to standard colonoscopic preparation

a b
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Fig. 8.22a,b. False positive diagnosis: adherent fecal residue. Fecal tagging to facilitate differential diagnosis between fecal resi-
due and polyp.(cont’d). Reduced preparation with fecal tagging using barium as the sole tagging agent. There is a 4-mm lesion 
on: a supine image (arrow) and; b prone image (arrow). The lesion is hyperdense, pointing towards a tagged fecal residue. 
Conventional colonoscopy did not show any lesions in this patient

a b

Fig. 8.23a–d. False positive diagnosis: adherent fecal residue. Fecal tagging to facilitate differential diagnosis between fecal 
residue and polyp (cont’d). Reduced preparation with fecal tagging using barium as the sole tagging agent: a,b axial (a) and 
endoluminal (b) 3D image in prone position: There is a 6-mm non-tagged lesion at the splenic fl exure (arrows). The non-
tagged nature suggests the presence of a polyp; c,d correpsonding axial (c) and endoluminal (d) 3D image in supine position. 
The non-tagged lesion, seen on prone image corresponds to a pedunculated polyp (arrows). Lesson: Fecal tagging reduces false 
positive fi ndings due to adherent fecal residue, improves conspicuity of polyps and reduces false positives since the tagged or 
non-tagged nature of the lesions allows easy differentiation between polyps and fecal residues

a b

c d
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8.3.2.2 
Spasm

There are seven different sphincters (concentric 
rings; valves), distributed throughout the colon: (1) 
Ring of Busi, (2) Ring of Hirsh, (3) Ring of Cannon, 
(4) Ring of Payr-Strauss, (5) Ring of Balli, (6) 
Ring of Moultier, (7) Ring of Rossi (Reeders and 
Rosenbush 1994).

The sphincters of Rossi, Balli, and Payr-Strauss 
are involved in nerve reflexes; the sphincters of 
Hirsch, Moultier, and Busi are a thickening of lon-
gitudinal and circular muscle fibers. Cannon’s 
sphincter is an overlap of the superior and inferior 
mesenteric nerve plexuses.

Persistent spasm of each of these sfincters can 
produce tumor-like lesions.

Each of these sphincters can cause persistent 
spasms, mimicking tumoral disease. To reduce 
those spasm, butylhyoscine (Buscopan) is used as 
discussed previously.

Besides the routine use of Buscopan, dual position 
imaging is also useful, as well as additional inflation 
in case of doubt (Fig. 8.25).

Spasm can be differentiated from tumoral pathol-
ogy, based upon the smooth contours of the spasms, 
in contradiction with circumferential tumors. The 

presence of surrounding lymph nodes also points 
towards tumoral pathology.

8.3.3 
Pitfalls Related to Normal Anatomy 
and Non-Tumoral Lesions

8.3.3.1 
Ileocecal Valve

The ileocecal valve is located between the large and 
small bowel, and consists of two segments, the upper 
and lower lips. The ileocecal valve can appear as a 
thin slit-like structure, a large intraluminal mass, or 
is almost invisible. There are three different endo-
scopic appearances: the labial type, with a slit-like 
appearance, the papillary type, with a dome shaped 
appearance, and lipomatous type, with deposits of 
fat within the lips.

Most visible valves are of the labial type (78%), 
21% is of the papillary type and 3% is lipomatous.

Lipomatous and papillary ileocecal valves can 
mimick neoplasms, and should be differentiated 
from polyps on the ileocecal valves (Fig. 8.26).

Prolapsing ileocecal valves appear prominent, 
irrespective of the labial or papillary morphology, 

Fig. 8.24a,b. False positive diagnosis: pseudopolyp due to breathing artefacts: a axial 2D image obtained in a 66-years-old 
patient in prone position shows breathing artefacts (arrow); b corresponding endoluminal 3D image shows pseudopolypoied 
appearance of the colonic wall, caused by breathing artefact (arrow). Lesson: In patients who are extremely short of breath, 
especially prone scanning can be hampered by breathing artefacts, causing pseudo-polypoid appearance on endoluminal 3D 
images. Left/decubitus scanning instead of prone scanning can be used as an alternative

a b
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Fig. 8.25a–c. False positive diagnosis: spasm of the Ring of 
Rossi mimicking tumoral disease: a,b supine (a) and prone 
scanning (b) show persistent incomplete distention of the 
sigmoid (arrows). Differential diagnosis was made between 
spasm of the Ring of Rossi and tumoral disease. The soft 
contours of the lesions suggested a persistent spasm; c addi-
tional infl ation was performed and subsequent re-evaluation 
showed normal sigmoid. Diagnosis of spasm of the Ring of 
Rossi was made. Lesson: Persistent spasms of colonic sphinc-
ters can mimick tumoral disease. Administration of butylhyo-
scine (Buscopan) or additional infl ation helps to relieve the 
spasm. Morphological characteristics, helpful in differential 
diagnosis, are the smooth contours and absence of lymph 
nodes in case of spasm

a b

c

Fig. 8.26a,b. False positive diagnosis: lipomatous transformation of the ileocecal valve: a supine image in intermediate window 
settings shows a hypertrophic nodular ileocecal valve. Differential diagnosis: tumor – lipomatous or papillary transformation of 
the ileocecal valve; b same image as a – abdominal window setting clearly shows the lipomatous transformation of the ileocecal 
valve. Lesson: Lipomatous transformation is a “pseudotumoral” alteration of the ileocecal valve. Use different window settings 
to reveal the lipomatous nature of the valve. Compare with Figures 8.7, 8.8, and 8.9

a b
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and may mimick polyps (Fig. 8.27) (Regge et al. 
2005).

8.3.3.2 
Extrinsic Impression

Any organ or structure outside the colon can cause 
external impression. They compress the colon and 
may appear as focal neoplasms on 3D endolumi-
nal images. We have noted impressions from the 
spleen, liver, other bowel loops, spine, psoas muscle, 

aorta and iliac arteries, as well as uterine fibroids 
(Fig. 8.28) (Macari and Megibow 2001).

8.3.3.3 
Complex or Thickened Folds

Complex or thickened folds are typically encoun-
tered at the splenic and hepatic flexures. Axial CT 
images might raise the possibility of intraluminal 
soft tissue masses or tumoral thickened folds. Endo-
luminal views are frequently helpful in identifying 

Fig. 8.27a,b. False positive diagnosis: prolapsing ileocecal valve: a endoluminal 3D image shows a nodular appearance of the 
ileocecal valve (arrow); b corresponding axial image shows that the polypoid appearance is caused by a prolapsing ileocecal 
valve. Lesson: A prolapsing ileocecal valve mimics polypoid pathology on endoluminal 3D image. Comparing with axial 2D 
correctly points to the diagnosis

a b

Fig. 8.28a,b. False positive diagnosis: external impression: a endoluminal 3D image shows a smoothly delineated nodule in the 
sigmoid (arrows); b corresponding axial image shows the nodule is caused by extrinsic uterine impression (arrows; U: uterus). 
Lesson: Any organ or structure outside the colon can cause external compression. On endoluminal view, these extrinsic impres-
sions simulate tumoral or polypoid disease. Careful correlation of endoluminal 3D image with axial images points towards the 
diagnosis of external impression

a b
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the mass as a complex pattern of normal haustral 
folds. Endoluminal imaging is also extremely help-
ful in showing the smooth contours of complex 
normal folds, as opposed to the irregularity caused 
by tumoral pathology (Fig. 8.29, compare with 
Fig. 8.18).

8.3.3.4 
Lipoma

Lipomas are rare, but well-recognized “tumors” 
of the colon. They are more common in the right 
colon than the left colon. They arise from the sub-
mucosa, and may protrude into the lumen as either 
polypoied or nodular tumor-like lesions. Diagnosis 
of their lipomatous nature can easily be made by 
viewing the “tumor” in abdominal window settings 
(Pickhardt 2004) (Fig. 8.30).

8.3.3.5 
Vascular Lesions

Colonic varices are a complication of portal hyper-
tention, and can be seen in the ano-rectal region, 
as well as throughout the whole colon. Varices are 
typically smoothly delineated linear lesions. Identi-

fication of afferent venous structures points towards 
the diagnosis (Fig. 8.31).

Hemorrhoids can be tiny or extremely large, mimick-
ing tumoral pathology. They typically appear as linear, 
smoothly delineated mucosal irregularities proximal 
to the ano-rectal margin (Figs. 8.32 and 8.33).

8.3.3.6 
Appendiceal Orifice

The normal appearance of appendiceal orifice is a 
slit-like orifice (Fig. 8.34). The appendiceal orifice 
can however also protrude, simulating polypoid dis-
ease (Fig. 8.35). In case of previous appendectomy, 
the appendiceal stump can also simulate polypoid 
disease. The anatomical location, clearly illustrated 
on coronal or sagital reformats, points to the diag-
nosis (Taylor et al. 2003c).

8.3.3.7 
Scar after Polypectomy

After polypectomy, the colonic wall remains edema-
tous, simulating flat or polypoied lesions on virtual 
CT colonoscopy. Knowledge of the patients history 
avoids this false positive diagnosis (Fig. 8.36).

Fig. 8.29a,b. False positive diagnosis: complex folds: a axial image shows the splenic fl exure, with a thickened nodular-like fold 
(arrow); b corresponding endoluminal 3D image clearly shows that the thickened nodular appearance is to be explained by the 
complexity of the folds at the splenic fl exure. Lesson: Complex or thickened folds are typically encountered at the splenic and 
hepatic fl exures, and should be differentiated from sessile cancers or polyps. Endoluminal 3D images are extremely helpful for 
differential diagnosis. Compare with Fig. 8.18

a b
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Fig. 8.30a–c. False positive diagnosis: lipoma: a,b axial image (a; intermedi-
ate window settings) and endoluminal 3D image (b) show a nodular distor-
tion of the colonic wall at the hepatic fl exure (arrows); c corresponding axial 
image using abdominal window settings shows the lipomatous nature of 
this lesion. Diagnosis: lipoma. Note: arrowheads point towards tagged fl uid 
levels. Lesson: Lipomas are submucosal lesions, that are to be considered as 
“leave-alone” lesions. Correct diagnosis can easily be made by viewing the 
“tumor” in abdominal window settings

a b

c

Fig. 8.31a,b. False positive diagnosis: submucosal vascular lesions: a endoluminal 3D image in a patient with severe portal hyper-
tention shows multiple tiny polyp-like lesions, distributed throughout the colon. (arrows); b corresponding contrast enhanced 
coronal reformatted MPR image shows multiple submucosal veins, explaining the polyp-like lesions on endoluminal 3D images 
(arrows). Lesson: In patients with known portal hypertension, think about possible submucosal colonic varices, explaining multi-
ple tiny nodular lesions on endoluminal 3D imaging. Identifi cation of afferent venous structures points towards the diagnosis

a b
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Fig. 8.32a,b. False positive diagnosis: internal haemorrhoids: a axial image shows irregular, linear structures at the anorectal region 
(arrows); b corresponding endoluminal 3D image shows linear, smoothly delineated structures at the anorectal junction. (arrows)

ba

Fig. 8.33a,b. False positive diagnosis: internal haemorrhoids. (cont’d) (note: different patient from Fig. 32): a axial image shows 
a small polyp-like nodule in the anorectal region. (arrow). Arrowhead: thin rectal tube; b corresponding endoluminal 3D image 
shows a linear, smoothly delineated lesion nearby the anorectal region. (arrows). Diagnosis: internal hemorrhoids. Lesson: 
Internal hemorrhoids may mimick polypoid disease. Imaging features pointing towards the diagnosis are the location nearby 
the anorectal margin, and the tubular-like, smoothly delineated nature on endoluminal 3D images

ba

Fig. 8.34a,b. Normal appendiceal orifi ce. Curved reformatted MPR image shows normal appendiceal orifi ce (arrow in a), appear-
ing as a slit-like orifi ce on endoluminal 3D images (arrows in b)

ba
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Fig. 8.36a,b. False positive diagnosis: scar after polypectomy: a axial image shows a focal mucosal thickening in the descend-
ing colon (arrows); b corresponding endoluminal 3D image confi rms the presence of a mucosal lesion, suggesting a fl at lesion 
(arrows). This patient had a polypectomy three days prior to the examination. Diagnosis: scar after polypectomy. Lesson: The 
mucosa appears edematous and prominent after polypectomy, closely resembling fl at lesions

a b

Fig. 8.35a,b. Prolapsing appendiceal orifi ce, causing false positive diagnosis: a axial image at the level of the appendiceal orifi ce 
shows a nodular-like lesion (arrows); b corresponding endoluminal 3D image shows a prolapsing appendiceal orifi ce (arrows). 
Before making the diagnosis of a polyp in the caecum, closely correlate the lesion with the anatomical landmarks to exclude 
prolapsing appendiceal orifi ce or ileal prolapse (Figs. 27 and 35)

a b

8.3.3.8 
Spasm of the Internal Sphincter

Spasm of the internal sphincter causes a smoothly 
delineated contour irregularity at the anorectal 
junction and should not be mistaken for a flat lesion 
(Fig. 8.37).

8.3.3.9 
Intermittently Prolapsing Rectal Mucosa

Intermittently prolapsing rectal mucosa appears as a 
low rectal mass, causing a smooth soft tissue defect. 
Sigmoidoscopy shows edematous mucosa due to 
rectal prolapse (Taylor 2003c) (Fig. 8.38).

8.3.3.10 
Diverticular Disease

8.3.3.10.1 
The Diverticular Fecalith

A pseudopolypoid lesion occurs when a diverticulum 
becomes inspissated with fecal matter. As the divertic-
ulum lacks the muscularis propria, the fecal material 
easily remains in the diverticulum and hardens into 
a fecalith. Imaging findings are unequivocal when it 
presents as a hyperdense ring with a hypodense centre 
on the axial images. The corresponding endoluminal 
3D images shows a polypoid lesion. On conventional 
colonoscopy they are recognised as fecal balls fall-
ing into the lumen. Confusion with polyps has been 
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Fig. 8.37a,b. False positive diagnosis: spasm of the internal sphincter: a axial image shows a smoothly delineated (sub)mucosal 
irregularity, located at the region of the internal sphincter (arrows); b corresponding endoluminal 3D image shows a wall 
thickening of the rectal mucosa at the anorectal region. (arrows). Conventional colonoscopy was normal. Diagnosis: Spasm of 
the internal sphincter. Lesson: Submucosal contracted muscle layers may mimick pathology

a b

Fig. 8.38a,b. False positive diagnosis: intermittently prolapsing rectal mucosa: a axial image shows a smooth soft tissue fi lling 
defect at the anorectal region (arrow); b endoluminal 3D image shows an apparent low rectal “mass” (arrows). Conventional 
colonoscopy showed edematous mucosa due to rectal prolapse. Lesson: Rectal mucosa can appear very prominent, particularly 
in case of mucosal prolapse, simulating low rectal masses

a b

described. Some controversy exists over the origin of 
these imaging findings. Fletcher et al. (Fletcher et 
al. 1999) described the hyperdensity as being caused 
by barium remnants in the diverticulum mixed with 
a fecalith rather than by the fecalith itself. However, 
Lefere et al. (Lefere et al. 2003) reported that anato-
mopathological examination of a surgical specimen 
of a divericulum with a fecalith showed that the con-
tents of the diverticulum corresponded to fecal mate-
rial. No barium was detected in the diverticulum.

A thrombus filling the diverticulum after an 
intra-diverticular bleeding has been described as a 
possible pseudolesion by Keller et al. (Keller et al. 
1984) (Fig. 8.39).

8.3.3.10.2 
Inverted Diverticulum

A diverticulum may occasionally invert into the 
colonic lumen and produce a pseudopolypoid lesion. 
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Fig. 8.39a–c. False positive diagnosis: diverticular fecalith: 
a endoluminal 3D image in prone position shows a polyp-
like lesion in the descending colon (arrow); b corresponding 
axial image shows the lesion has a hyperdense ring and a 
hypodense centre (arrowb); c corresponding axial image in 
supine position shows the lesion is incorporated in a diver-
ticulum (arrow). Diagnosis: diverticular fecalith. Lesson: A 
polypoid lesion with a hyperdense ring and hypodense centre 
corresponds to a diverticular fecalith

a b

c

It can be the source of colonic bleeding (Silverstein 
and Tytgat 1997). In a series of six patients, Glick 
(Glick 1991) described the lesion as a 1.5- to 2-cm 
lesion with a central umbilication on double-contrast 
barium enema. Imaging findings are unequivocal 
when on the axial images a sessile polypoid lesion 
contains some air due to a central umbilication in 
the inverted part of the diverticulum (Posner and 
Solomon 1995) (Fig. 8.40) or when it presents with 
a fat attenuation due to an inclusion of perisigmoi-
dal fat (Fenlon 2002). The corresponding endolu-
minal 3D image invariably has a polypoid aspect 
and does not help in making the correct diagnosis. 
Sometimes imaging findings are equivocal when the 
inverted diverticulum presents without air or fat. 
In CC inverted diverticula have been described to 
cause inadvertent diverticulectomy because of their 
pseudopolypoid appearance (Fenlon 2002; Yusuf 
and Grant 2000); thus it is important in case of an 

additional conventional colonoscopy to inform the 
endoscopist of this finding.

8.3.3.10.3 
Polyp-Simulating Mucosal Prolapse Syndrome

When diverticular disease progresses, further short-
ening, thickening and contraction of the muscular 
layer and taeniae cause an excess of mucosa, pro-
lapsing into the colonic lumen as a redundant fold. 
This gives rise to a pseudopolypoid or non-neoplastic 
lesion (Yoshida et al. 1996). These polypoid lesions 
usually present with a broad base (Kelly 1991).

Oedema and erythema are possible due to repet-
itive trapping of the mucosa in a contraction of 
the colonic wall. These lesions can be the cause of 
recurrent bleeding. Imaging findings are equivo-
cal. As on the axial and endoluminal 3D images, 
they present as a polypoid lesion, and the polyp-
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simulating mucosal prolapse syndrome is indis-
tinguishable from actual polyps. On conventional 
colonoscopy these lesions, appearing as a hyper-
aemic mass, are also difficult to distinguish from 
adenomatous polyps. Sometimes these ambiguous 
lesions are only diagnosed after biopsy with his-
tology showing hemosiderin-laden macrophages, 
capillary thrombi and congestion with telangiecta-
sia (Mathus-Vliegen and Tytgat 1986).

Kelly (Kelly 1991) suggested that these lesions 
were quite common in the population as they were 
detected in 8 of a series of 118 resected colonic 
specimens. The polyp-simulating mucosal pro-
lapse syndrome is histologically similar to the 
prolapse described in the solitary rectal ulcer syn-
drome, inflammatory cloacogenic polyps and gas-
tric antral vascular ectasia (Tendler et al. 2002) 
(Fig. 8.41).

Fig. 8.40a–d. False positive diagnosis: inverted diverticulum: a,b prone image in a patient with severe diverticular disease shows 
an endoluminal protruding structure with air inclusion (arrow in a), resulting in a polyp-like structure on axial (arrow in a) 
and endoluminal 3D view (arrow in b); c,d supine image in the same patient shows the presence of a diverticulum at the same 
level, seen on axial (arrow in c) and endoluminal 3D image (arrow in d). Diagnosis: inverted diverticulum. Lesson: Diverticu-
lae may invert, resulting in pseudopolypoid lesions. The clue to the diagnosis is the presence of air, as in this patient, or fat, 
included in the lesion

a b

c d
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Alternatively, evaluation of CT-colonography 
examinations can be done in a primary 3D approach, 
in which an (endo)luminal view of the colon is com-
bined with a requisite 2D method.

In this chapter the pros and cons of 3D reviewing 
of colonography examinations are discussed. This 
discussion will be based on data of CT colonography 
only since no comparative studies have been pub-
lished on MR-colonography yet.

9.2 
Three-dimensional Reconstruction

Currently there are two rendering techniques used 
to produce virtual colonoscopy; surface rendering 
and volume rendering.

Surface rendering uses a specific attenuation coef-
ficient to define the air-lumen interface. This is done 
by attaching an opacity value of 0 (complete trans-
parency) to voxels that have an attenuation coeffi-
cient under a certain threshold and an opacity value 
of 1 (no transparency at all) for voxels above this 
threshold. Consequently, surface rendering assigns 
all structures either into luminal air or colonic wall, 
depending on the attenuation coefficient selected. 
By raising the threshold, more voxels of the colonic 
mucosa will be assigned to the lumen since the atten-
uation coefficient in transition zone (mucosa) typi-
cally lies between that of air and soft tissue.

Unfortunately, the attenuation coefficient varies 
within patients as well as with pathologic findings, 
which decreases the detail seen on the image. A 
second drawback is the method’s sensitivity to noise 
and artifacts (Hopper et al. 2000).

The second method is volume rendering. This 
method categorizes voxels into multiple groups on 
the basis of their attenuation coefficient. Unlike sur-
face rendering, volume rendering allows the transi-
tion voxels (colonic mucosa) between air and bowel 
wall to be reconstructed as a separate, specific struc-
ture. Although this method requires more computer 
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9.1 
Introduction

In evaluation of computed tomography (CT) colo-
nography (virtual colonoscopy) examinations there 
are basically two principles of reviewing: it can be 
done two-dimensionally (2D) or three-dimension-
ally (3D) (Fig. 9.1).

The simplest 2D approach is to view the axial 
helical CT images without any additional process-
ing, although in general this will be performed with 
multi planar reformatting (MPR), or a combination 
of both MPR and 3D display. The method is named 
primary 2D if 3D is used for problem solving.
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power, it provides smoother rendering and provides 
the possibility to peer into the colon wall (Hopper 
et al. 2000). Most of the commercially available soft-
ware is based on this method.

Until recently most implementations of both ren-
dering methods did not allow for interactive visu-
alization but now interactive visualization has been 
introduced. In contrast to real time rendering, image 
sequences are generated off-line for later diagnostic 
examination by the physician. Viewing positions 
are generated at regular intervals along the central 
path which generates the illusion of flying through 
the lumen of the colon (virtual colonoscopy). This 
central path is generated in a (semi) automatic way 
through the lumen of the colon. Several different 
methods for the calculation of the centerline are 
used, though comparative studies are lacking. If 
the colon is discontinuous because a segment is col-
lapsed or entirely filled with fecal material or fluid, 
the centerline may need to be manually adjusted.

9.3 
Three-dimensional Display Methods

9.3.1 
Conventional 3D Display

The first 3D visualization method for CT colonogra-
phy was adopted from conventional endoscopy, and 
has a similar disadvantage: areas behind haustral 
folds are not easily visualized. As a consequence, in 
conventional 3D methods the colon needs to be evalu-
ated in both antegrade and retrograde directions in 
order to visualize sufficient colonic surface. With a 
fly-through in one direction substantial parts of the 
colonic wall and therefore polyps will be obscured 

by haustral folds, as happens in optical colonoscopy 
(Fig. 9.2). Two-directional fly-through evaluation 
reduces these unseen colonic areas considerably 
(Paik et al. 2000; Vos et al. 2003). However, even with 
a two-directional fly-through, substantial parts of the 
colonic wall that potentially harbor polyps remain 
non-visualized. Interactive evaluation can overcome 
this problem at the expense of an additional, and 
often substantial, increase in reading time.

An other solution to this problem is to use an 
algorithm that identifies areas that are not visual-
ized during bidirectional evaluation. These areas, 
indicated for example by color, are presented to the 
observer after completing the bidirectional evaluation 
(Fig. 9.3). For practical purposes, the areas can be pre-
sented in descending order of size. The observer can 
then decide whether to skip small-sizes areas as these 
will not hide clinical relevant polyps.

An alternative approach to reduce unseen areas is 
to increase the viewing angle of the virtual camera. 
Consequently more colonic surface is displayed. A 
major drawback is the resulting distortion, espe-
cially at the edges, that prevents the use of these 
large viewing angles (Fig. 9.4).

Fig. 9.1. Image of a 14 mm polyp in the cecum displayed at axial 2D (left), MPR (middle) and 3D (right)

Fig. 9.2. Schematic shows areas in black that are missed in con-
ventional 3D view. Reprinted with permission of Vos et al.
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9.3.2 
Alternative 3D Display Methods

The ideal 3D display mode shows the complete 
colonic surface (so in theory no polyps can be 
missed) in a time efficient way and without image 
distortion (so polyps can be recognized as such).

Several groups have studied alternative 3D meth-
ods, which all have in common a less ‘colonoscopy’-
like representation of the colonic surface than the 
conventional fly-through.

A so-called “flattening method” can be used to 
straighten and flatten the colon mathematically. 
Beaulieu et al. (1999) evaluated a method called 
“Panoramic endoscopy” (Fig. 9.5). With this method 
the inner colonic surface is depicted as a flattened 
structure. The camera is rotated around the path in 

60° increments, which generated six image panels 
at an interval of 3 mm along the central path. When 
these image panels are displayed side by side, they 
depict a panoramic view of the colonic wall.

In a comparative study of display methods for 
CT colonography with the use of simulated polyps 
of different size and morphology, panoramic endos-
copy had a significantly higher sensitivity (90%) 
than bidirectional virtual endoscopy (68%) for 
polyps 7 mm or larger. Part of the difference could be 
explained by the invisibility of some lesions during 
bidirectional virtual endoscopy since this method 
does not visualize the complete colonic surface.

“Virtual colon dissection” is an improvement of 
the “Panoramic endoscopy” method evaluated by 
Hoppe et al. (2004). In this method the virtual camera 
captures one quarter of the circumference of the com-
plete colon length at each viewing position with a 90° 
camera field of view that can be rotated in 45° incre-
ments. Eight contiguous panels displaying the colonic 
circumference are generated by rotating the virtual 
camera in 45° increments around the path.

In a study of 20 patients (31 colonic lesions of 
which 9 were 10 mm or larger) reviewed by 2 radiolo-
gists, Hoppe et al. reported a sensitivity of 67% and 
89% for virtual colon dissection and 89% and 100% 
for axial 2D interpretation. The authors concluded 
that although virtual colon dissection may facili-
tate detection of colonic polyps in isolated cased, its 
detection rate is not superior to axial 2D interpre-
tation. This can mainly be attributed to failed ren-
dering of a high number of insufficiently distended 
colonic segments or regions with residual feces in 
this series.

Virtual dissection, as depicted in Fig. 9.6, is an 
image display method that is another improvement 
of the “flattening method”. Virtual dissection is a 
method that has recently become available and has, 
according to our knowledge, not been evaluated 
yet. It opens and straightens the entire lumen of the 
colon along the longitudinal axis with a 45° overlap 

Fig. 9.3. Endoluminal view with “Missed Region Tool.” This 
feature allows the reader to investigate areas (indicated in 
pink) that were not previously viewed during conventional fl y 
through. (Figure courtesy of Viatronix, Stony Brook, NY)

Fig. 9.4. Distortion illustrated of a polyp at four different endoluminal views of 160°, 120°, 90° and 60°
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on each side. The potential advantages of this “flat-
tening method” include the easy overview over a 
substantial part of the colonic surface and complete 
visualization of the entire mucosal surface. This 
may lead to a reduction in interpretation time.

A drawback of the method is that straightening 
of a curved structure like the colon results in dis-
tortion of the colonic surface. Moreover it does not 
display the forward and backward viewing direc-
tions. Consequently, the frontal site and back site of 
structures are not visible. This problem can be over-
come by combining the method with a conventional 
3D method.

The “unfolded cube” method (Fig. 9.7) is a solu-
tion that tackled the problem of colon coverage in 
a different way. It was published by Serlie et al. 
(2001). In this method the colonic surface is pro-
jected on a cube. On the cube faces, 90° views are 
projected. By folding out the six images onto a single 
plane (unfolded cube display) the complete field of 
view is rendered.

Fig. 9.5. “Panoramic endoscopy” display. Reprinted with per-
mission of Beaulieu et al.

In a comparative series 99.5% of the colonic surface 
was displayed with this technique (Vos et al. 2003) as 
compared to 93.8% with antegrade and retrograde 
reviewing with a conventional 3D (120°) endoluminal 
view. Bidirectional reviewing is not mandatory with 
this method and therefore the additional evaluation 
time compared to 2D reviewing is less compared to 
the additional evaluation time of conventional 3D 
reviewing (van Gelder et al. 2004c).

9.4 
2D and 3D Reading are Complementary

Two- and three-dimensional display methods must 
be considered as complementary instruments to 
evaluate CT colonography.

If a suspicious area is detected when using a 
primary 2D review method, a 3D snapshot can be 
used to obtain more information about the nature 
of the abnormality (e.g. folds and ileocecal valves) 
(Figs. 9.8 and 9.9).

On the other hand, a 3D method needs to be 
complemented by a method that can assess the het-
erogeneity and level of the attenuation values within 
an area of interest. Information about the attenua-
tion values of a suspected lesion is mandatory for 
an accurate differentiation between a polyp and 
fecal material (Fig. 9.10). In practice this means that 
the method is combined with an axial or MPR 2D 
method (Fig. 9.11) or a method that demonstrates 
attenuation values in a 3D view (Pickhardt 2004) 
(Fig. 9.12).

Obviously 2D and 3D methods are complemen-
tary, and a combination of both methods is essential 
for review of CT colonography. The question that 
remains, however, is which method is preferable for 
the primary review?

Fig. 9.6. Virtual dissected colon. (Cour-
tesy of GE Medical Systems, Milwaukee, 
USA)
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Fig. 9.7. Unfolded cube display of the 
colon. (Figure courtesy of Philips Medi-
cal Systems, Best, the Netherlands)

Fig. 9.8. Complex fold that 
resembles a polyp in the 
sigmoid colon in axial 2D 
(left), but is not in a con-
ventional 3D view (right)

Fig. 9.9. Protruding ileo-
cecal valve seen on axial 
2D (left) and well recog-
nizable on 3D (right)
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Fig. 9.10. Polyp in the 
transverse colon, seen 
on 3D (left) proves to be 
tagged fecal material in a 
2D axial view (right)

Fig. 9.11. Screen panel 
that combines a conven-
tional endoluminal view 
(bottom left), an unfolded 
cube display (center), an 
axial 2D display (top left), 
a 2D MPR display (top 
center) and an overview 
of the colon (top right)

Fig. 9.12. Translucency 
rendering applied to a 3D 
image (right). The polyp 
shows a red interior which 
is indicative of soft tissue 
attenuation
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9.5 
Fecal Tagging and Electronic Cleansing

A 3D evaluation will be less time-consuming and 
labor-intensive if the colon is empty; colonic con-
tents can hamper an efficient review as fecal mate-
rial can resemble a polyp and fluid levels can hamper 
polyp detection. In principle an empty colon can be 
achieved in two different ways. The colon can be 
cathartically prepared with a laxative agent or its 
contents can be tagged after which it can be elec-
tronically cleansed.

In the latter method patients are asked to ingest 
a contrast agent approximately two days before the 
actual colonography examination. The tagged con-
tents of the colon can be digitally subtracted after 
the data acquisition with the use of specialized soft-
ware. This results in theory in a virtual clean colon 
that can be evaluated three-dimensionally, in which 
polyps are still in situ.

Tagging will probably add to the patient’s compli-
ance since laxative preparation is often experienced 
as a heavy burden (Lefere et al. 2002; Iannaccone 
et al. 2004a; van Gelder et al. 2004a).

9.6 
Primary 2D and Primary 3D: 
Difference in Accuracy?

The accuracy of a diagnostic tool can vary with the 
prevalence of a disease or disorder. This may apply 
for the accuracy of both display methods as well. As 
a consequence a differentiation between high and 
low prevalence studies is made in this paragraph.

The sensitivity per polyp is used as a criterion for 
the functioning of the review methods different diag-
nostic modes, since it is a more precise way to mea-
sure the visibility of a polyp. However, in a screening 
setting the sensitivity per patient is a more important 
outcome parameter since the consequence of a posi-
tive colonography will be a referral for colonoscopy.

In this paragraph both primary 2D and primary 
3D are described. It is likely that in primary 2D the 
combination with 3D problem solving will reduce 
the amount of false positive findings compared to 
2D reviewing only; Cotton et al. (2004) who used 
a 2D method combined with 3D for problem solving 
in only a part of the patients described an increase 
in correct lesion identifications when the 3D method 
was used, McFarland et al. (2001) stated that in indi-
vidual cases the added value of 3D was anecdotal.

9.6.1 
High Prevalence Population

Several clinical studies have used primary 2D evalu-
ation in high prevalence populations. Primary 3D 
evaluation, however, has only been performed in 
comparative studies of 2D and 3D, not in clinical 
studies.

9.6.1.1 
Two-dimensional Methods

Pineau et al. (2003) conducted a comparative 
study with optic colonoscopy assessing the diag-
nostic accuracy of virtual colonoscopy using oral 
contrast. The colonography examination was done 
with a primary 2D method with 3D problem solv-
ing. In a population of 205 patients the sensitiv-
ity for large (≥10 mm) colorectal polyps was 78%. 
The reported specificity was higher (95%). This 
decreased for medium-sized (6–9 mm) polyps to 
75 and 83% respectively.

Johnson et al. (2003b) conducted a multi-center 
accuracy study (18 radiologists) with a primary 
axial 2D method with MPR and 3D for problem solv-
ing. The average sensitivity for large polyps was 75% 
with a corresponding specificity of 73%, for polyps 
≥6 mm these figures were 54 and 72% respectively. 
Experienced readers performed better.

Iannaccone et al. (2004b) used a primary axial 
2D method for detection of colorectal polyps in 
a partly symptomatic population of 203 patients. 
Patients had not been cathartically prepared but 
oral contrast was added to a low fiber diet, two days 
prior to the colonography examination. The average 
sensitivity per polyp for three observers was 100% 
for large polyps and 86% for polyps ≥6 mm. Speci-
ficity per patient was 100% for large polyps and 94% 
for polyps ≥6 mm.

These studies show that in a high prevalence pop-
ulation, primary 2D studies report good results for 
large polyps.

9.6.1.2 
2D vs 3D

McFarland et al. (2001) compared three specific 
2D and 3Dimage-display techniques. First a 2D MPR 
image display, secondly a 3D MPR image display 
(10 mm slab) and thirdly a 3D endoscopic view dis-
play. This was done in 30 colon segments. McFarland 
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et al. concluded that among experienced abdomi-
nal radiologists, similar diagnostic performance 
in polyp detection was found among 2D MPR and 
the two 3D display techniques, although individual 
cases showed improved characterization with 3D 
display techniques. Overall no statistically signifi-
cant differences were seen in the three different 
image display techniques.

Macari et al. (2004) compared two review meth-
ods in 30 selected patients. The datasets were exam-
ined primary 2D with 3D problem solving and pri-
mary 3D and randomly predetermined with at least 
a one week-interval. The overall sensitivity for pri-
mary 2D for medium polyps and large polyps was 50 
and 81%. The overall sensitivity for primary 3D was 
67 and 81%, respectively. This difference was not 
statistically significant. The specificity was similar 
for the 2D and 3D evaluations: 93.3%.

Iannaccone et al. (2004b) compared the diagnostic 
performance of primary 2D and primary 3D display 
techniques in a selected population of 50 patients. 
Mean polyp sensitivity for all lesions and false posi-
tive rate were 73.3 and 21.4% for primary 2D, and 
76.6 and 23.3% for primary 3D. As McFarland and 
Macari, Iannaccone concluded that for polyps mea-
suring >6 mm in size, there was no difference in the 
sensitivity between a primary 2D or 3D technique.

In summary, these studies in high prevalence 
populations report a good sensitivity for primary 
2D review methods with 3D problem solving, and 
second, in none of the comparative studies of 2D and 
3D was a significant difference detected.

9.6.2 
Low Prevalence Population

9.6.2.1 
3D Methods

Pickhardt et al. (2003) studied the accuracy of CT 
colonography in an asymptomatic population of 
1233 patients of average risk for colorectal cancer. A 
primary 3D endoluminal bidirectional fly-through 
was used for detection of polyps, after electronic 
cleansing. Non-visualized areas were presented to 
the observers after the fly-through (Fig. 9.3). Pick-
hardt reported a sensitivity and specificity for large 
adenomatous polyps of respectively 92 and 96%. For 
adenomatous polyps larger than 6 mm the results 
were respectively 86 and 80%. The authors con-
cluded that CT virtual colonoscopy with the use of a 
3D approach is an accurate screening method for the 

detection of colorectal neoplasia. It even compared 
favorably with optical colonoscopy.

van Gelder et al. (2004b) evaluated CT-colonog-
raphy with a primary 3D approach, using an unfolded 
cube display method (Fig. 9.4). The study included 
249 surveillance patients, 20 patients having a his-
tory of mild symptoms. CT colonography reported 
a sensitivity and specificity of 76 and 92% for large 
polyps and of both 70% for medium polyps (between 
6 and 9 mm). Van Gelder et al. concluded that CT 
colonography and colonoscopy have a similar ability 
to identify individuals with large polyps in patients 
at increased risk for colorectal cancer.

9.6.2.2 
2D Methods

Less favorable results were reported in studies per-
formed by Johnson et al. and Cotton et al.

Johnson et al. (2003a) studied the accuracy of CT 
colonography in a population of 703 asymptomatic 
patients. CT colonography was reviewed, in con-
trary to the latter two studies, with a primary axial 
2D method combined with 2D MPR and 3D for prob-
lem solving. This was done by three reviewers. The 
sensitivity reported for detection of large colorectal 
polyps was between 32 and 73%, depending on the 
reader. The specificity ranged from 97 to 98%. For 
medium sized polyps the sensitivity ranged from 29 
to 57%, the specificity from 88 to 95%. The author 
concluded that in this low prevalence population, 
the detection rates of CT colonography were inferior 
to colonoscopy.

Cotton et al. (2004) reported a sensitivity of 52% 
for large polyps and 32% for medium-sized polyps 
in a population of 615 patients. The specificity was 
96 and 93% respectively. As in the study performed 
by Johnson, the detection rates of CT colonography 
were inferior to colonoscopy.

9.6.2.3 
2D vs 3D Methods

Macari et al. (2000) compared the findings of 
two review methods and conventional colonos-
copy in detecting colorectal polyps in 42 patients. 

In method 1, axial 2D datasets were examined in 
a cine mode using 3D review for problem solving. 

In method 2, datasets were examined exactly as in 
method 1, and subsequent to that review, datasets 
were examined with simultaneous 3D fly-through 
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and MPR images. Using method 1, three of five 
medium-sized polyps and one large polyp were 
detected. With method 2, the same polyps were 

seen as with method 1. No additional polyps were 
detected. Macari concluded that primary axial 2D 
CT colonography with 3D problem solving was com-
parable to complete 2D and 3D CT colonography in 

detecting colorectal polyps.
van Gelder et al. (2004c) compared primary 2D 

evaluation with a primary 3D evaluation method 
(unfolded cube projection) in a series of 77 patients. 
Mean sensitivity for large polyps for the primary 3D 
and 2D review methods were 83 and 72%, respec-
tively. The specificity was 92 and 94% respectively. 
Fewer perceptive errors, although not statistically 
significant (p=0.06), were made with the primary 3D 
method than with the primary 2D method although 
at expense of a slight increase of the number of false 
positives.

In contrast to Macari, Van Gelder at al. con-
cluded that 3D review of CT colonography seems to 
improve polyp detection as fewer perceptive errors 
are made.

9.6.2.4 
Discussion

In this section on accuracy, a distinction between 
high and low prevalence has been made. The dif-
ference that is made in this spectrum is of course 
arbitrary and is not absolute. However by drawing 
this line, a difference in performance of both meth-
ods is apparent.

In studies with a high prevalence for colorectal 
polyps or cancer, primary 2D reviewing performed 
well (Pineau et al. 2003; Johnson et al. 2003b; 
Iannaccone et al. 2004a) and in comparative stud-
ies (primary 2D vs primary 3D) (McFarland et al. 
2001; Macari et al. 2004; Iannaccone et al. 2004a) 
no difference in sensitivity was detected between 
primary 2D and primary 3D review methods. It is 
noteworthy that in these comparative series most 
likely conventional 3D methods with suboptimal 
surface visualization were used. This may have 
underestimated the diagnostic value of 3D.

In the low prevalence group a discrepancy can be 
seen between studies with good results (Pickhardt 
et al. 2003;van Gelder et al. 2004b) and moderate 
outcomes (Johnson et al. 2003a; Cotton et al. 2004). 
These controversial results have resulted in specula-
tions about its cause: the review method (primary 
2D or primary 3D), the bowel preparation (with or 

without oral contrast), scanning parameters (5 mm 
vs thinner), the role of reviewer experience, etc.

Although we cannot determine the definite cause 
for the differences in the mentioned papers, it is 
striking that the two studies that reported the high-
est sensitivity used primary 3D review methods with 
improved surface visualization to detect polyps, 
whereas the two studies with the lower sensitivity 
used a primary 2D review method.

In all direct comparative studies there was no sta-
tistical difference between both methods, although 
the differences between both methods described by 
van Gelder were very close to significance (p=0,06). 

It is widely known that polyp size is a major 
determinant of detection. Comparing visualiza-
tion methods in populations with large polyps 
that are detected easily, may obscure difference 
that emerge in average risk patients with generally 
smaller polyps. The differences between primary 2D 
and primary 3D must be assessed in the situation 
to which it most likely applies: patients with a low 
prevalence of polyps.

The potentially superior performance of 3D is 
most likely based on the more intuitive presentation 
(Fig. 9.13) and the longer exposure time to polyps 
(Lee and Pickhardt, 2004). Lee and  Pickhardt 
compared exposure time of 20 polyps in an axial 2D 
method with a conventional endoluminal 3D method. 
Lee concluded that the opportunity of polyp detec-
tion, including both exposure time and distance of 
polyp visualization, is significantly greater for the 
3D endoluminal display. A consequence may be that 
less perceptive errors are made by the reviewer.

9.7 
Review Time

Although exposure fold characterization is easier 
(Fig. 9.11) when using the 3D display, the barriers to 
3D evaluation as the primary strategy for review have 
been its time-consuming and labor-intensive nature 
(Macari et al. 2000; McFarland et al. 2001).

Two matters underlie its time consuming nature. 
First, additional processing time is needed in order 
to create a 3D rendered view. In order to create a 3D 
view the CT-data files need additional processing by 
a computer. The speed of this process is dependent 
on the calculation speed of the used computers, RAM 
capacity, 3D rendering-interval (increment) along 
the central path and the resolution of both the raw 
CT data and the display-method. Improvements in 



126 A. H. de Vries et al.

processing speed have reduced the time needed for 
this process and in future this process will reduce 
even further.

Although this processing time is not part of the 
reviewing time, it results in waiting time before the 
examination can be evaluated. With 3D methods, 
processing may not be fully automated and require 
interaction, which is a disadvantage as compared 
to 2D methods. Recent data on processing time are 
sparse; Hoppe et al. (2004) published processing 
times for the dissected colon method varying from 
4.5 to 42 min with an average of nearly 16 min.

Fenlon et al. (1999) reported an average time of 
30 min for endoluminal reconstruction. Although 
the computer details were not specified, it is likely 
that at least part of this time difference with Hoppe 
et al. can be attributed to the improved increase of 
computer power in the more recent study. Introduc-
tion of real time image rendering will probably even 
further reduce this time.

The second cause of its time consuming nature is 
the extra time needed to examine a colon compared 
to the 2D method. The cause of this problem lies 
within the fact that to cover as much colonic surface 
as possible with conventional 3D methods, evalua-
tion in both antegrade and retrograde direction is 
mandatory. Consequently, in comparative studies 
primary conventional 3D evaluation requires an 
extra 50 to 70% in interpretation time compared to 
2D evaluation (McFarland et al. 2001; Iannaccone 
et al. 2004b).

Studies that used display modes that did not 
require bidirectional fly-through demanded less 
extra time or were even faster compared to 2D evalu-
ation. Van Gelder et al. who used an unfolded cube 
display only used an additional 15% evaluation time 

Fig. 9.13. Polyp in cecum, 
initially missed with an 
axial 2D method (right), 
but well detectable with 
3D (left)

compared to 2D evaluation. Hoppe et al. reported 
an examination time of 20.9 minutes for virtual dis-
section display, compared to a 2D examination time 
of 29.2 minutes. Although in this study virtual colon 
dissection was not feasible in both prone and supine 
position in 30% of segments, the method did not 
require bi-directional viewing.

9.8 
Conclusion and Future Development

Three-dimensional display is an integral part of 
reviewing of CT-colonography examinations and 
most likely a prerequisite for good sensitivity. The 
method can be used either primary or as adjunct 
to 2D evaluation. In populations with a high polyp 
prevalence the use of primary 3D does not seem 
advantageous compared to primary 2D, although 
comparative data are sparse and no optimized 
3D methods have been used. The use of the later 
methods might prove to be valuable. The question 
which review method should be used as a screening 
method for colorectal cancer (low polyp prevalence) 
is a major issue. At the time of writing of this chapter 
no strong evidence for either primary 2D or pri-
mary 3D is available. Though, a higher sensitivity 
in polyp detection with primary 3D may make this 
review technique for the purpose of screening more 
appropriate. This question will be one of the main 
topics of research in CT colonography in the next 
couple of years.

An important topic in CT colonography is the 
reduction of ionizing radiation in CT colonography. 
This topic becomes of particular interest when CT 
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colonography is used as a potential screening tool 
in the prevention of colorectal cancer. Although the 
imaging of structures with a high contrast differ-
ence (polyps vs air or tagged stool) allows a higher 
noise level (resulting from lower radiation expo-
sure), noise related artifacts arise. This noise in the 
data can be counteracted by smoothing the images 
by using a smooth reconstruction filter. Although 
the benefit of these filters is reduction of the noise 
level, this is at the expense of image resolution.

Two-dimensional images seem less affected by 
this noise than 3D images  since noise on a 3D endo-
luminal image appears as floating endoluminal 

debris that obscures the intraluminal anatomy and 
as coarsened mucosal texture that makes the detec-
tion of small or flat polyps difficult (Johnson and 
Dachman, 2000). However, in a experimental set-
ting the radiation dose in a 3D setting can be reduced 
to very low levels without negative effect on sensitiv-
ity for large polyps (van Gelder et al. 2004d).

An important matter that may influence the dis-
cussion of 2D vs 3D is the use of computer aided diag-
nosis (CAD), as discussed in the following chapter. 
Currently, CAD is still in an experimental stage, but 
it most likely becomes implemented in the coming 
years. CAD has the potential to increase diagnostic 
performance, to reduce inter-reader variability and/
or reduce reader time. At present it is not known 
which role CAD will play, e.g. as first reader or as 
second reader. The place of the CAD algorithm in 
the reading of CT-colonography examinations most 
likely will influence the use of either primary 2D or 
primary 3D. One can envision that a CAD algorithm 
will present polyp candidates in a 3D display with 
either 2D (axial or MPR) or attenuation display in 
color for verification of heterogeneity.
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This chapter gives a review of the current litera-
ture and some reflections upon ethical and medico-
legal aspects of detection and evaluation of extra-
colonic findings.

10.2 
Definitions

Extracolonic findings are categorised by most 
authors as highly important, moderately important 
or of low importance.

Highly important lesions are usually defined 
as lesions that require surgical treatment, medical 
intervention, and/or further investigation during 
that patient care visit. Examples include indeter-
minate solid organ masses, previously unknown 
abdominal aortic aneurysms 3 cm or larger, aneu-
rysms of the splenic or renal arteries, indeterminate 
chest nodule, adenopathy, and pancreatic masses.

Moderately important lesions include conditions 
that do not require immediate treatment but would 
likely require investigation, recognition or treatment 
at a later time. Examples of moderate importance 
include calculi of various organs, previously known 
abdominal aneurysms, adrenal masses, pancreatic 
pseudo cysts, indeterminate cysts of various organs, 
uterine enlargement in post-menopausal women, 
and coronary artery calcifications.

Findings of low importance are considered 
benign and unlikely to require further medical 
treatment or additional work-up. Examples include 
vascular calcifications, granulomas, diverticu-
losis, simple solid organ cysts, small to medium-
sized hiatal hernias, and abdominal wall hernias 
containing fat.

When evaluating and comparing the results of the 
different studies, however, one has to keep in mind 
that size-definitions concerning significant pathol-
ogy related to aortic aneurysms, adrenal gland, ade-
nopathy, etc., differ from one study to another, thus 
influencing results.
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10.1 
Introduction

A unique capability of CT colonography over other 
colorectal examinations is its capability of examining 
the entire abdominal and pelvic content. This offers 
the possibility of detecting extracolonic pathology.

Detection of incidental extracolonic findings has 
many possible advantages, such as early detection 
of malignant disease or of an unruptured abdomi-
nal aortic aneurysm. Early treatment can improve a 
patient’s prognosis and decrease costs owing to less 
complicated surgical procedures and shorter hospi-
tal stays.

On the other hand, extracolonic findings leading 
to further workup may cause unnecessary patient 
anxiety, entailing higher costs and superfluous 
exposure to radiation.

Detection and evaluation of extracolonic find-
ings therefore balances between potential benefits 
and potential harm.
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10.3 
Frequency and Importance of Extracolonic 
Findings

The results of the major studies published after 
2000, and reporting upon extracolonic findings and 
their follow-up, are tabulated in Tables 10.1–10.3 and 
Figs. 10.1 and 10.2.

The reported percentages of incidental lesions is 
high, but shows a rather high inter-study variability, 
with a median of 68.9% of patients with incidental 
extracolonic findings.

The reported percentages of highly important 
lesions also show great inter-study variability, but is 
also high, with a median of 12.5% of patients, and 
11.7% of lesions.

Table 10.1. Extracolonic findings on CT colonography from primary papers published since 2000 reporting details upon 
further follow-up. Overall evaluation

IV con-
trast?
 

Dose
 

Screening or 
diagostic
 

No. of 
patients
 

Avg 
age
 

Extracolonic findings

Lesions Lesions/
patient

Patients % 
patients

Edwards JT et al. 2001 No 070 mAs Diagnostic 0100 65 016 0.2 015 15.0
Ginnerup Pederson et al. 2003 No 070 mAs Diagnostic 0075 61 068 0.9 049 65.3
Gluecker et al. 2003 No 070 mAs Screening 0681 64 858 1.3 469 68.9
Hara et al. 2000 No 070 mAs Screening 0264 64 151 0.6 109 41.3
Hellstrom et al. 2004 No 125 mAs Diagnostic 0111 66 232 2.1 094 84.7
Pickhard PJ et al. 2003 No 100 mAs Screening 1233 58 ? ? ? ?
Spreng A et al. 2005 No 200 mAs Diagnostic 0030 66 088 2.9 023 76.7
Spreng A et al. 2005 Yes 200 mAs Diagnostic 0072 66 215 3.0 068 94.4

Table 10.2. Extracolonic findings on CT colonography from primary papers published since 2000 reporting details upon further 
follow-up. Evaluation according to importance and outcome. Per patient analysis

IV con-
trast?

Total number 
of patients

% Low 
importance

% Moderate 
importance

% High impor-
tance (A)a

% Immediate 
treatment

% Cancers

Edwards JT et al. 2001 No 0100 ? ? 11 02.0 1
Ginnerup Pederson et al. 2003 No 0075 ? ? 12 02.7 1.3
Gluecker et al. 2003 No 0681 50 26.9 10.4 01.3 1
Hara et al. 2000 No 0264 20.8 24.2 12.9 02.3 0.7
Hellstrom et al. 2004 No 0111 26.1 52.3 23.4 00.9 3.6
Pickhard PJ et al. 2003 No 1233 ? ? 04.5 00.1 0.4
Spreng A et al.2005 No 0030 ? ? 13.3 06.7 6.6
Spreng A et al. 2005 Yes 0072 ? ? 30.6 18.1 6.9
aAs defined by author

Table 10.3. Nature of extracolonic findings on CT colonography from primary papers published since 
2000 reporting details upon further follow-up. Evaluation according to importance and outcome. Per 
lesion analysis

IV con-
trast?

Total number 
of lesions

% Low 
importance

% Moderate 
importance

% High impor-
tance (A)a

Edwards JT et al. 2001 No 015 ? ? 73.3
Ginnerup Pederson et al. 2003 No 068 ? ? 11.7
Gluecker et al. 2003 No 858 66.9 22.8 10.3
Hara et al. 2000 No 151 45 32.4 22.5
Hellstrom et al. 2004 No 166 27.7 50 22.3
Pickhard PJ et al. 2003 No ? ? ? ?
Spreng A et al. 2005 No 088 ? ? 04.5
Spreng et al. 2005 Yes 215 ? ? 10.2
aAs defined by author
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Fig. 10.2. CTC with IV contrast: nature and percentage of total number of lesions causing additional investigations

The reported percentages of patients with imme-
diate treatment is much lower, as is the same look-
ing at patients with extracolonic cancers: median 
of 2.15% of patients with immediate treatment and 
1.3% of patients with cancer.

A total of 2566 patients are included in those 7 
studies, with 233 patients (9%) having extracolonic 
findings of high importance, 31 patients having 

immediate treatment (1.2%), and 27 patients having 
cancer (1%).

Thus, the total incidence of lesions is high, the 
number of lesions requiring further investigation is 
also high, but the incidence of serious disease is low, 
relative to the total number of lesions found. This 
is in conjunction with the findings of Xiong et al. 
(Xiong et al. 2005).
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10.4 
Nature of Extracolonic Findings

When we look at the nature of the lesions caus-
ing additional investigations, hepatic lesions, renal 
lesions, adrenal lesions, ovarian and pulmonary 
lesions constitute the majority in all six studies 
where this detailed information is available.

This is in conjunction with the findings of Homma 
et al. (Homma et al. 1995), who found that, in 1985, 
13% of all renal cell carcinomas were found inciden-
tally, increasing to 73% in 1993.

Mihara et al. (Mihara et al. 1999) reported 
that the incidence of renal cell carcinoma in a large 
study was 0.09%. It is moreover important to note 
that the stage and prognosis of renal cell carcinoma 
are significantly better when tumour is detected at 
an asymptomatic stage (Tsui et al. 2000).

Chervu et al. (Chervu et al. 1995) reported that 
aortic aneurysms (AAA) are found incidentally in 
62%. Similar prevalence rates have been reported 
among urology patients referred for ultrasound (US). 
Kyriakides et al. (Kyriakides et al. 2000) reported 
that, in ultrasound screening program for abdomi-
nal aortic aneurysm, 4.9% of men aged 65 years 
have an asymptomatic AAA. Screening for AAAs 
has been shown to reduce the incidence of AAAs 
by 49% (Wilmink et al. 1999) and pilot population 
screening studies are underway (Jamrozik et al. 
2000). As for renal cell carcinoma, early detection is 
beneficial: mortality rate is much lower for elective 
early surgery (5%) than for surgery after rupture 
(85–95%) (Nevitt et al. 1989).

Kloos et al. (Kloos et al. 1997) reported that 
adrenal incidentalomas are found in up to 5% of 
patients having CT for other reasons. In the series 
reported here, however, none of the patients had 
non-adenomatous adrenal disease, so none of the 
patients had benefit of this diagnosis.

Ovarian cystic lesions are common (26% of post-
menopausal women) (van Nagell et al. 1990). The 
positive predictive value of such lesions for ovarian 
cancer is however low (Jacobs et al. 1993).

Taking these findings into account, and look-
ing at Figs. 10.1 and 10.2, one could conclude that 
renal lesions and aortic aneurysms are “not to be 
missed”.

The axial scans should also be evaluated for pul-
monary or liver lesions, possibly indicating meta-
static primary malignancy.

Adrenal lesions and lesions of the ovaries should 
be regarded with care, both because of the low posi-
tive predictive value.

Finally, the different nature of possibly important 
extracolonic findings necessitates the evaluation of 
the axial images in different window settings, e.g. 
abdominal window settings, lung window settings 
and bone window settings (Fig. 10.3).

10.5 
Does Patient Population Affect 
Extracolonic Findings

The studies of Gluecker et al. (Gluecker et al. 2003) 
and Pickhard et al. (Pickhard et al. 2003) are the 
only two studies evaluating a screening population, 
and are remarkably the two studies with the lowest 
incidence of highly important extracolonic findings, 
findings with additional investigation, or cancers. 
This indicates that significant extracolonic findings 
are lower in screening population settings.

Looking at the age of patients, again, the study 
of Pickhard et al. (Pickhard et al. 2003), has the 
youngest patient population, indicating that extra-
colonic findings increase with age.

This is in conjunction with the findings of Ng 
et al. (Ng et al. 2004) who reported upon extraco-
lonic findings in the frail and elderly undergoing 
abdomino-pelvic CT for suspected colorectal carci-
noma. In this patient population, previously undi-
agnosed malignancies were found twice as common 
(2%), indicating that with an aging population and 
an increased use of cross-sectional imaging, an 
increased number of incidental findings will occur.

10.6 
Does the Scanning Technique Influence 
Extra-Colonic Findings?

Most studies use a low dose technique, without addi-
tional use of IV contrast. The reasons are the care 
of radiation dose in a technique requiring prone-
supine imaging, and the fear of adverse reaction 
using IV contrast.

The low dose technique capitalizes on the high 
contrast that exists between the air-filled lumen and 
the soft tissue density wall. Polyps protruding into 
air-filled lumen can be detected using these low-
dose technique.

Solid organ contrast however requires higher 
radiation dose and correct diagnosis frequently 
necessitates IV contrast. As a result, it is likely that 
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Fig. 10.3a–e. Sixty-six-year-old women referred after incom-
plete colonoscopy due to carcinoma of the sigmoid: a unen-
hanced CT colonography shows the sigmoidal tumor (arrows); 
b abdominal window settings slightly suggest the presence of 
two focal liver lesions (arrows); c lung window settings show 
a solitary small pulmonary nodule in the right lower lobe 
(arrows); d bone window settings shows Pagets disease in the 
right hemi-pelvis.(arrows); e axial CT scans after IV contrast 
clearly shows the presence of two liver metastasis (arrows). 
This case clearly illustrates the need for different window set-
tings, and the diffi culty of recognizing solid liver lesions using 
low dose unenhanced CT scans

solid organ lesions will remain undetected using 
low dose CTC without IV contrast (Fig. 10.3). This 
is nicely reflected when we compare the results of 
the population evaluated in the study by Spreng et 

al., using high dose and IV contrast (Spreng et al. 
2005): compared with other studies, this study has 
the highest number of patients with extracolonic 
findings.
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In our institution, we use a low dose technique 
(140 KV, with 10 mAs for supine, and 30 mAs for 
prone scanning), without IV contrast. For the evalu-
ation of the colon, 0.6-mm slices are reconstructed 
at every 0.3 mm; for the evaluation of extracolonic 
findings, 3 mm thick slices are reconstructed at every 
1.5 mm. The latter reduces noise, enabling visualisa-
tion of solid organ lesions (Fig. 10.4).

Since the use of IV contrast and normal dose 
might influence diagnosis of extracolonic findings, 
an active online physician monitoring could be con-
sidered to identify immediately patients who need 
IV contrast (Hara et al. 2000).

10.7 
False Positive and False Negative Diagnosis

Most studies using low dose CT without IV contrast 
report upon hepatic or renal cysts that were further 
evaluated. False positives are thus caused by a low 
dose technique without IV contrast. For example, in 
the study of Hellstrom et al. (Hellstrom et al. 
2004), there were four false positives: two cases of 
renal cysts, one normal pancreas, and one case of 
focal fatty infiltration. The contrary is reflected in 
the results of the study of Spreng et al. (Spreng et al. 
2005), and focus on the group of patients with normal 
dose CT after IV contrast: in this single study no false 
positives were caused by renal or hepatic cysts. The 

Fig. 10.4a,b. Fifty-fi ve-year-old women referred for screening CTC. Low dose (10 mAs) unenhanced CT scan with 3 mm slice 
thickness reconstructed with a 1.5 mm reconstruction interval clearly shows the presence of biliary cyst: a the cyst is extremely 
diffi cult to detect on 0.6 mm slice thickness with a 0.3 mm reconstruction interval; b this case illustrates the use of thicker slice 
thickness to reduce noise and increase lesion conspicuity

a b

same holds true for focal fatty infiltration or normal 
variants in renal or pancreatic morphology.

Low dose scanning without IV contrast also 
causes false negatives, as reported by Hara et al. 
(Hara et al. 2000), and Gluecker et al. (Gluecker 
et al. 2003). Hara reported one missed gastric carci-
noma, one psoas metastasis, and one invasive tran-
sitional cell carcinoma of the bladder. Gluecker 
reported one missed adenocarcinoma of the pan-
creas, one splenic and one ovarian mass.

It can thus be concluded that low dose technique 
without IV contrast results in possible, but low 
(<1.5%) false negative diagnosis (Hara 2005).

10.8 
Economical Impact

Hara et al. (Hara et al. 2000) reported that the 
additional and recommended work-up added $28 
to the examination cost per patient. If all highly 
important lesions would be further investigated, the 
added costs would be $36 per patient.

Gluecker (Gluecker et al. 2003) reported an 
added costs of $34 to the average cost.

Given the fact that in truly screening patient pop-
ulations the total number of highly suspected find-
ings is expected to be lower, as shown by Pickhard 
(Pickhard et al. 2003), both authors conclude that 
the added costs are more than acceptable.
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10.9 
Impact on Patient Care and Well-Being and 
Ethical Impact

It is clear that in case of true positive findings, such 
as the early diagnosis of abdominal aortic aneurysm 
or renal cell carcinoma, patients will benefit from 
incidental extracolonic findings.

Moreover, Westbrook et al. (Westbrook et al. 
1998) reported that even untreatable patients may 
appreciate a warning to organize their lives.

The converse is, however, also true: the aware-
ness of findings, even of medium or low impor-
tance, might create distress for patients, such that 
the referring physician must initiate further work-
up for those findings.

Lerman et al. (Lerman et al. 1991) reported on 
psychological side effects of breast cancer screen-
ing. This study showed that women with suspicious 
mammography findings showed significantly ele-
vated mammography-related anxiety, despite the 
fact that malignancy was ruled out.

As already pointed out, we are not only confronted 
with possible false positive diagnosis, but also false 
negative diagnosis. Therefore, the patient cannot be 
sure of “not being ill”.

One could thus argue, in view of possible false 
negative and false positive diagnosis, in relation to 
low dose scanning without IV contrast, not to look 
for possible extracolonic findings. To do so, radi-
ologists could blind themselves by only looking at 
3D reconstructed images, or axial images in lung 
window settings.

However, data for axial images showing extraco-
lonic findings have still been obtained.

The question therefore remains whether it is 
appropriate – and ethically as well as legally feasible 
– to ignore these data, since life-saving data might 
remain hidden.

10.10 
Conclusion

1. The incidence of extracolonic fi ndings is high, but 
the majority of patients will have benign disease.

2. Older and symptomatic patients are more likely to 
have signifi cant extra-colonic fi ndings compared 
to a younger screening population.

3. A minority of patients will undergo medical or 
surgical treatment for previously undiagnosed 
extracolonic fi ndings.

4. The technique of CTC, using low dose and no IV 
contrast, however results in possible false nega-
tive as well false positive diagnosis.

5. And fi nally, further studies are needed to evalu-
ate the infl uence on mortality, morbidity, patients 
well-being, as well as economic impact, related to 
incidentally diagnosed extra-colonic fi ndings.
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computerized scheme for automated image analysis 
as a diagnostic aid (Doi 2004). Conventionally, CAD 
acts as a “second reader,” pointing out abnormalities 
to the radiologist that otherwise might have been 
missed. The final diagnosis is made by the radiolo-
gist. This definition emphasizes the intent of CAD to 
support rather than substitute for the human reader 
in the detection of polyps.

CAD for CTC typically refers to a computer-
ized scheme for automated detection of polyps and 
masses in CTC data. It provides the locations of 
suspicious polyps and masses to radiologists. This 
offers a second opinion that has the potential to 
improve radiologists’ detection performance and 
to reduce variability of the diagnostic accuracy 
among radiologists, without significantly increas-
ing the reading time. Such a CAD scheme should 
be distinguished from semi-automated computer 
applications in radiology that automate only one of 
these components and depend on user interaction 
for the remaining tasks. A typical example is the 
3D visualization of semi-automatically segmented 
organs (e.g., segmentation of the liver, endoluminal 
visualization of the colon and bronchus), or image 
processing of a part of an organ for generation of 
an image that is more easily interpreted by human 
readers (e.g., peripheral equalization of the breast in 
mammograms, digital subtraction bowel cleansing 
in virtual colonoscopy).

Despite its relatively short history, CAD is becom-
ing a major area of investigation and developments in 
CTC. Rapid technical developments have established 
the fundamental CAD scheme for the detection of 
polyps during the last several years. Prototype CAD 
systems have been demonstrated at conferences 
(Näppi et al. 2005b; Yoshida et al. 2004b) (Fig. 11.1) 
and commercial systems that implement the full 
CAD scheme or a part of it are becoming available 
in the market with names such as the Poly Enhanced 
View (Siemens Medical Solutions) and Colon Com-
puter-Assisted Rader (MedicSight Inc.).

In the colon CAD workstation shown in Fig. 11.1, 
for example, the left and right images show the 2D 

CONTENTS

11.1 Introduction 137
11.2 Why CAD? 138
11.3 CAD Techniques for Detection of Polyps 139
11.4 Performance in the Detection of Polyps 140
11.4.1 Performance of CAD 140
11.4.2 Improvement of Radiologists’ Detection 
 Performance 142
11.5 CAD Pitfalls 142
11.5.1 CAD False Negatives 142
11.5.2 CAD False Positives 143
11.6 Current and Future Challenges 145
11.6.1 Detection and Extraction of Colorectal Masses 145
11.6.2 Use of Correspondence Between Supine 
 and Prone Views 145
11.6.3 Effect of Fecal Tagging and Digital Bowel 
 Cleansing 146
11.6.4 CAD for Rapid Interpretation: 
 First Reader Paradigm 148
11.7 Conclusion 148
 References 149

11.1 
Introduction

During the past decade, computer-aided diagnosis 
(CAD) has been shown to be of clinical benefit in 
fields such as detection of microcalcifications and 
classification of masses in mammograms (Astley 
and Gilbert 2004). The concept of CAD is not 
unique to these fields; indeed, it is more important 
and beneficial for examinations in which a large 
quantity of images need to be interpreted rapidly 
for finding a lesion with low incidence, such as the 
detection of polyps in CT colonography (CTC) and 
the detection of lung nodules in thoracic CT scans. In 
its most general form, CAD can be defined as a diag-
nosis made by a radiologist who uses the output of a 
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multiplanar reconstruction (MPR) views of the 
supine and prone scans of a patient, respectively, 
with the computer-extracted colonic wall super-
imposed. The bottom middle two images show the 
corresponding 3D endoluminal views of the colon. 
Polyps detected by CAD are shown as a list of icons 
on the middle row of the screen. By clicking on one of 
the icons, one can jump to the corresponding polyp 
on a 3D endoluminal view and/or an MPR view. The 
polyp (green) is displayed in both supine and prone 
views if it is found in the corresponding regions in 
these two views (see Sect. 11.5.2). CAD output is 
integrated into the 2D MPR and 3D endoluminal 
views by use of the coloring scheme that delineates 
the detected polyps and the normal structures in the 
colonic lumen (see Sect. 11.2).

The latest prototype CAD systems yield a clinically 
acceptable high sensitivity and a low false-positive 
rate (see Sect. 11.4), and they are becoming integrated 
into the 3D workstation for CTC examinations and 
thus into clinical workflow. However, some technical 
and clinical challenges still remain as open problems 
for CAD to become a clinical reality.

The remainder of this chapter describes the ben-
efits of CAD, the fundamental CAD scheme, detec-
tion performance of CAD, pitfalls in CAD, and the 
current and future challenges in CAD.

11.2 
Why CAD?

Although CTC is a promising alternative screen-
ing tool for colon cancer (Dachman and Yoshida 

2003; Pickhardt 2005; van Gelder et al. 2005), 
currently three key obstacles have held the clinical 
practicality of CTC at bay: (1) the variable diagnos-
tic performance of CTC across studies (Dachman 
2002; Mulhall et al. 2005), (2) the need for a full 
colon cleansing preparation, which is one of the 
major sources of poor patient compliance in colon 
cancer screening (Gluecker et al. 2003; Ristvedt 
et al. 2003), and (3) expertise required of the readers 
for interpreting the examination (Bodily et al. 2005; 
Fletcher et al. 2005).

The first problem was partly addressed by 
Pickhardt et al. (Pickhardt et al. 2003), who 
showed that, based on 1233 asymptomatic patients, 
CTC could have a high by-polyp sensitivity of 93.9% 
for polyps >8 mm. This was superior even to that 
of optical colonoscopy. However, other large trials 
showed much lower sensitivity: a prospective trial 
on 703 asymptomatic patients reported by Johnson. 
et al. (Johnson et al. 2003a), a multicenter trial at 8 
hospitals on 314 patients, also reported by Johnson et 
al. (Johnson et al. 2003b), a prospective multicenter 
trial at 9 hospitals on 615 patients by Cotton et al. 
(Cotton et al. 2004), and the most recent prospec-
tive multicenter trial at 15 hospitals on 617 patients 
by Rockey et al. (Rockey et al. 2005). Therefore, 
a larger clinical trial with the state-of-the art CT 
scanner and interpretation method needs to be con-
ducted to address the first concern.

The second problem was partly addressed by 
Lefere et al. (Lefere et al. 2002, 2004a, b), who 
showed that dietary fecal-tagging CTC could be a 
viable alternative to full colon cleansing. However, 
the third obstacle remains problematic. In particu-
lar, the detection performance among readers can 

Fig. 11.1. Prototype colon CAD workstation
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be quite variable, which may be one of the factors for 
the large variation in the results of reported large-
scale clinical trials (Fletcher et al. 2005).

CAD for CTC is attractive because it has the 
potential to overcome the third obstacle, i.e., polyps 
and masses detected by CAD have the potential to 
increase radiologists’ detection performance and to 
reduce variability of the detection accuracy among 
readers.

An improvement in the detection performance 
can be achieved because CAD can reduce radi-
ologists’ perceptual errors during the detection 
of polyps. These perceptual errors may be caused 
by the presence of normal structures that mimic 
polyps or by variable conspicuity of polyps, depend-
ing on the display method (Beaulieu et al. 1999; 
Fletcher et al. 1999; Johnson and Dachman 
2000; Karadi et al. 1999; McFarland 2002). The 
absence of visual cues that normally exist with 
colonoscopy, such as mucosal color changes and 
a large number of images for each patient, also 
makes image interpretation tedious and suscep-
tible to perceptual error.

A reduction of variability can be achieved because 
CAD can provide objective and consistent results. 
The performance of a radiologist may be influ-
enced by his or her skill and experience. Moreover, 
a variety of circumstances, including distraction, 
fatigue, as well as time constraints in a busy clini-
cal practice, influence the diagnostic performance. 
Although radiologists may detect a type of polyp in 
the majority of cases, the same persons may miss the 
same type of polyp under different circumstances. 
Use of CAD can potentially overcome this lack of 
consistency of radiologists, and thus it can be useful 
for reducing variability among readers in identi-
fying polyps in CTC, as demonstrated by CAD for 
mammography and chest radiography (Jiang et al. 
2001; Kobayashi et al. 1996) as well as the studies 
described in Sect. 11.4.2.

11.3 
CAD Techniques for Detection of Polyps

To date, most of the CAD schemes developed in 
academia and in industry comprise of the follow-
ing four fundamental steps: (1) extraction of the 
colonic wall from the CTC images, (2) detection of 
polyp candidates in the extracted colon, (3) charac-
terization of false positives, and (4) discrimination 
between false positives and polyps. A brief descrip-

tion of each of these steps is provided below. More 
technical details on the fundamental CAD scheme 
can be found in recent review articles (Yoshida and 
Dachman 2004, 2005).

In the first step of the extraction of the colonic 
wall, either fully automated (Masutani et al. 2001; 
Näppi et al. 2002a, 2004b; Wyatt et al. 2000) or 
semi-automated (Chen et al. 2000; Iordanescu et 
al. 2005; Summers et al. 2000) methods are used. 
Most of these methods use the thresholding of the 
CTC data based on the CT values characteristic of 
the colonic wall and the contrast between the colonic 
wall and the air in the colonic lumen as a means of 
extracting the colon.

In the second step, polyp candidates are detected 
by use of morphologic features that characterize 
the shape differences among polyps, folds, and 
the colonic wall. Figure 11.2a shows an example 
colonoscopy image of a 6-mm polyp in the sig-
moid colon. As schematically shown in the middle 
column, polyps tend to appear as bulbous, cap-
like structures adhering to the extracted colonic 
wall, whereas folds appear as elongated, ridge-like 
structures, and the colonic wall itself appears as a 
large, nearly flat, cup-like structure. To character-
ize these morphologic differences, various methods 
have been developed, including use of a volumetric 
shape index and curvedness (Yoshida et al. 2002a; 
Yoshida and Näppi 2001), surface curvature with 
a rule-based filter (Summers et al. 2000), sphere 
fitting (Kiss et al. 2002), and overlapping surface 
normal method (Paik et al. 2004). Figure 11.2b 
shows pseudo-coloring of the colonic lumen that 
visualizes the result of the shape analysis based 
on the volumetric shape index. The shape index 
determines to which of the following five topologic 
classes a voxel belongs: cup, rut, saddle, ridge, or 
cap. Color coding of the anatomic structures in 
the colonic lumen based on these classes can thus 
differentiate among polyps (green), folds (pink), 
and colonic walls (brown) effectively (Näppi et al. 
2005b).

Typically, the polyp candidates thus detected 
include a large number of false positives, many of 
which are caused by prominent folds and by feces 
(Yoshida et al. 2002a, 2002b). Various methods 
characterizing false positives based on geometric 
and texture features have been developed for reduc-
tion of their number, include volumetric texture 
analysis (Näppi and Yoshida 2002), CT attenuation 
(Summers et al. 2001), random orthogonal shape 
section (Gokturk et al. 2001), and optical flow 
(Acar et al. 2002).
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The final detected polyps are obtained by appli-
cation of a statistical classifier based on the image 
features to the differentiation of polyps from false 
positives. Investigators use parametric classifiers 
such as quadratic discriminant analysis (Yoshida 
and Näppi 2001), non-parametric classifiers such 
as artificial neural networks (Jerebko et al. 2003b; 
Kiss et al. 2002; Näppi et al. 2004b), a committee 
of neural networks (Jerebko et al. 2003a), and a 
support vector machine (Gokturk et al. 2001). In 
principle, any combination of features and a clas-
sifier that provides a high classification perfor-
mance should be sufficient for the differentiation 
task.

The CAD output is displayed, in a 3D workstation, 
as a list of detected polyps (Yoshida et al. 2004b) 
(Fig. 11.1) or integrated in 2D MPR and 3D endolumi-
nal views of the colon by use of, for example, the col-
oring scheme that delineates the detected polyps and 
the normal structures in the colonic lumen (Näppi 
et al. 2005b) as shown in Fig. 11.3. For each pair in 
this figure, the left image shows an axial CT image 
containing a polyp (arrow), and the right image 
shows its 3D endoscopic view by perspective volume 
rendering. The color coding is based on the above 
shape index analysis (Fig. 11.2). Figure 11.3a shows a 
6-mm sessile polyp in cecum and Fig. 11.3b shows a 
5.3-mm polyp in cecum, both of which were missed 
by a radiologist at first reading. Figure 11.3c shows 
a 7-mm polyp in the transverse colon, and Fig. 11.3d 
shows an 11-mm sessile polyp in the hepatic flexure. 
All of these polyps are clearly segmented from folds 
and the colonic wall by use of CAD.

11.4 
Performance in the Detection of Polyps

11.4.1 
Performance of CAD

Several academic institutions have conducted clini-
cal trials to demonstrate the performance of their 
CAD systems (Kiss et al. 2002; Näppi et al. 2004b; 
Näppi and Yoshida 2003; Paik et al. 2004; Summers 
et al. 2001; Yoshida et al. 2002a, b; Yoshida and 
Näppi 2001) that implement the full CAD scheme in 
the previous section or a part of it. In these studies, 
optical colonoscopy was used as the gold standard, 
i.e., the locations of the polyps detected by CAD were 
compared with the “true” locations of polyps that 
were determined visually in CTC data sets based on 
colonoscopy reports. In most of theses studies, the 
performance of CAD was evaluated on CTC cases 
that were collected retrospectively at a single insti-
tution, and that were acquired with a protocol that 
is currently widely used for CTC, i.e., standard pre-
colonoscopy cathartic bowel cleansing, insufflation 
of the colon with room air or carbon dioxide, and 
standard-dose CT scanning with CT parameter set-
tings such as the following: a collimation of 2.5–
5.0 mm, pitch of 1–2, a tube current of 50–200 mA, 
and a reconstruction interval of 1.25–3.0 mm.

Among the studies published in peer-reviewed 
journals that describe a full CAD scheme, the CAD 
scheme developed at the University of Chicago 
yielded a 95% by-polyp sensitivity, with an average of 
1.5 false positives per patient (0.7 false positives per 

Fig. 11.2a,b. Schematic illustration of the geometric modeling of the structures in the colonic lumen. (Reprint, with permission, 
from Yoshida and Dachman 2004)

a b
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data set), based on 72 patients (144 data sets), includ-
ing a total of 21 polyps ≥5 mm in 14 patients. In a 
by-patient analysis, the sensitivity was 100%, with 
1.3 false positives per patient (Näppi and Yoshida 
2003). The same group reported, in a follow-up 
study that was published in a conference proceed-
ings paper, a 93% by-polyp sensitivity with 4.0 false 
positives per patient (2.0 false positives per data set) 
based on 121 patients (242 data sets), including a 
total of 42 polyps ≥5 mm in 28 patients (Näppi et al. 
2004b). Figure 11.4 shows a free-response receiver-
operating characteristic (FROC) curve that shows 
the sensitivity of this CAD scheme as a function 
of the average number of false positives per data 
set. Generally, sensitivity of CAD increases as the 
number of false positives increases.

The CAD system at the University Hospital Gast-
huisberg achieved an 80% by-polyp sensitivity, with 
8.2 false positives per patient (4.1 false positives 
per data set), based on 18 patients, with 15 polyps 
≥5 mm in 9 patients (Kiss et al. 2002). In this study, 
fecal tagging was used for most of the cases. A group 
at Stanford reported a 100% sensitivity with 7.0 false 
positives per data set (only the supine data set of each 
patient was used) based on 8 patients that included 
a total of 7 polyps >10 mm in 4 patients (Paik et al. 
2004). The sensitivity was less than 50% at the same 
false positive rate for 11 polyps between 5 and 9 mm 
that were found in 3 of the above 8 patients. A group 
at the NIH reported a 90% sensitivity with 15.7 false 
positives per data set, based on 40 patients (80 data 

sets) that included a total of 39 polyps ≥3 mm in 20 
patients (Jerebko et al. 2003b). In a separate study, 
they reported that multiple artificial neural net-
works could potentially be employed to increase the 
sensitivity by an average of 6.9% and to reduce the 
false-positive rate by 30–36% (Jerebko et al. 2003a, 
Yao et al. 2004).

These studies indicate that CAD is promising 
in detecting polyps with high sensitivity and a low 
false-positive rate. It appears that the detection 
performance can reach up to 100% by-patient sen-
sitivity with 1.3 false positives per patient for polyps 
≥5 mm (Näppi and Yoshida 2003). Generally, how-
ever, the performance of CAD systems appears to 
range between 70 and 100% by-patient sensitivity for 

a b

c d

Fig. 11.3a–d. Example of polyps detected by CAD. (Reprint, with permission, from Yoshida and Dachman 2005)

Fig. 11.4. Free-response receiver-operating characteristic 
curve showing the performance of CAD in the detection of 
polyps
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polyps ≥6 mm, with 2–8 false positives per patient. 
A meta-analysis of the reported performance of 
CTC showed that, for human readers, the pooled by-
patient sensitivity for polyps ≥10 mm and for those 
6–9 mm was 85 and 70%, respectively (Mulhall et 
al. 2005). Comparing this performance with that of 
CAD, it appears that the performance, especially the 
sensitivity, of CAD is approaching that of an average 
human reader.

11.4.2 
Improvement of Radiologists’ Detection 
Performance

The ultimate goal of CAD is to improve the per-
formance of radiologists in the detection of polyps 
and masses. Thus, establishing the sensitivity and 
specificity of CAD is only the first step in the evalu-
ation of the benefit of CAD; CAD must be shown to 
improve the performance of radiologists.

It should be noted that CAD does not have to be 
as accurate as are expert radiologists to improve 
the detection performance of human readers. Com-
puters make detection errors, as do human beings. 
However, together they can improve the diagnostic 
performance. Such a tendency can be found in an 
early clinical study by Summers et al. (Summers et 
al. 2002), who examined the complementary role of 
CAD in radiologists’ detection performance based 
on 25 polyps >10 mm in 40 asymptomatic high-risk 
patients. Two radiologists participated in the study. 
The sensitivity of both the two radiologists and that 
of CAD was only 48%; however, CAD showed that 
4 of 13 polyps were missed by radiologists, thus 
increasing the potential sensitivity to 64%.

A recent observer performance study, which eval-
uated the effect of CAD on radiologists in an envi-
ronment that closely resembles a clinical interpreta-
tion environment of CTC, showed that CAD could 
substantially improve radiologists’ detection per-
formance (Dachman et al. 2004; Okamura et al. 
2004). Four observers with different levels of read-
ing skill (two experienced radiologists, a gastroen-
terologist, and a radiology resident) participated in 
the study, in which an observer read 20 CTC data 
sets (including 11 polyps 5–12 mm in size), first 
without and then with CAD. The observer rated the 
confidence level regarding the presence of at least 
one polyp ≥5 mm in the colon. As shown in Fig. 11.5, 
the detection performance, measured by the area 
under the receiver-operating characteristic curve 
(Az) (Metz 2000), increased for all of the observ-

ers when they used CAD, regardless of the different 
levels of their reading skill. The average Az values 
without and with CAD were 0.70 and 0.85, respec-
tively, and the difference was statistically significant 
(p=0.025). The increase in the Az value was the larg-
est for the gastroenterologist (0.21) among the four 
observers.

Another observer study was conducted by Mani 
et al. (Mani et al. 2004) based on 41 CTC cases, in 
which the average by-polyp and by-patient detec-
tion performance for 3 observers increased from 
63 to 74% and from 73 to 90%, respectively, for 12 
polyps ≥10 mm in 10 subjects, although the differ-
ences were not statistically significant.

These small-scale studies show the potential of 
CAD in increasing radiologists’ detection perfor-
mance, especially for those with less experience as 
indicated by the second study. A larger scale study 
needs to be conducted to show convincingly the 
benefits of CAD in improving the detection perfor-
mance, in reducing the variability of the detection 
accuracy among readers, and in bringing the detec-
tion accuracy of inexperienced readers up to that of 
experienced readers.

11.5 
CAD Pitfalls

11.5.1 
CAD False Negatives

Knowing the pattern of the false negatives in CAD is 
important for improved sensitivity when the output 
of CAD is used as a detection aid. The types of false 
negatives included in CAD results are similar to 

Fig. 11.5. Improvement of detection performance of human 
reader by use of CAD in the detection of polyps
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those encountered by radiologists (Yoshida et al. 
2002a,b). Most of the CAD techniques depend on 
a shape analysis that assumes that polyps appear 
to have a cap-like shape, i.e., they appear as polyp-
oid lesions. Therefore, polyps that do not protrude 
sufficiently into the lumen (e.g., diminutive polyps 
and flat lesions), whose shape deviates significantly 
from polypoid (e.g., infiltrating carcinoma), those 
that lose a portion due to the partial volume effect, 
those that are located in a collapsed region of the 
colon, or those that are submerged in fluid, may 
be missed by CAD. Improvement of the CAD tech-
niques for reliable detection of these types of polyps 
remains for future investigation.

Representative examples of CAD false negatives 
are shown in Figure 11.6. Figure 11.6a shows a mag-
nified view of a 6-mm polyp at the proximal trans-
verse colon (white arrow), and Fig. 11.6b shows its 
3D endoscopic view (white arrow). This polyp was 
located in a narrow valley where two folds merge, 
and thus the shape of the polyp was distorted. 
Moreover, a motion artifact made the polyp appear 
blurred, and thus it was a false-negative polyp. The 
neighboring polyp (black arrow), located below the 

convergence of the two folds, was detected by CAD 
because it was less distorted than the above polyp. 
Figure 11.6c shows a 7-mm polyp in the sigmoid 
colon, and Fig. 11.6d shows an 8-mm polyp in the 
sigmoid colon. These polyps appear smaller than 
expected from their size, mainly because they lost 
a portion due to the partial volume effect, and thus 
these polyps were false-negative polyps in CAD.

11.5.2 
CAD False Positives

False positives may lead to unnecessary further 
workups such as polypectomy by colonoscopy; 
therefore, knowledge about the pattern of CAD false 
positives is important for dismissing them. Stud-
ies showed that most of the false positives detected 
by CAD tend to exhibit polyp-like shapes, and the 
major causes of CAD false positives are the following 
(Yoshida et al. 2002a,b). Approximately half (45%) 
of the false positives are caused by folds or flexural 
pseudotumors. They consist of sharp folds at the 
sigmoid colon, folds prominent on the colonic wall, 

Fig. 11.6a–d. Example of CAD false negatives. (Reprint, with permission, from Yoshida and Dachman 2005)

a b

c d
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two converging folds, ends of folds in the tortuous 
colon, and folds in the not-well-distended colon. 
One-fifth (20%) are caused by solid stool, which is 
often a major source of error for radiologists as well. 
Approximately 15% are caused by residual materials 
inside the small bowel and stomach, and 10% are 
caused by the ileocecal valve. Among other causes 
of false positives are rectal tubes, elevation of the 
anorectal junction by the rectal tube, and motion 
artifacts, each amounting to less than 3%.

Representative examples of CAD false positives 
are shown in Figure 11.7. Figure 11.7a shows a prom-
inent fold (arrow). The tip of the fold appeared to 
be a cap-like structure, and thus it was incorrectly 
identified by CAD as a polyp. Figure 11.7b shows a 
piece of solid stool (arrow). This polyp-mimicking 
stool has a cap-like appearance and a solid internal 
texture pattern, and thus it was detected incorrectly 
as a polyp. Figure 11.7c shows an ileocecal valve 
(arrow). The tip of the ileocecal valve often has the 
cap-like appearance of a polyp and thus can be a 
cause of false positives in CAD. Figure 11.7d shows 
the residual materials (arrow) inside the small bowel 

and stomach. Although a majority of the small bowel 
and stomach is removed in the colon extraction step, 
a small piece of them may be extracted along with 
the colon, and thus residual materials in the small 
bowel and stomach can cause false-positive detec-
tions.

Studies show that radiologists can dismiss the 
majority of these false positives relatively easily 
based on their characteristic locations and appear-
ance (Dachman et al. 2002). For example, false 
positives due to ileocecal valves and the rectal tube 
can easily be dismissed based on their anatomic 
location and shape; a semi-automated recognition 
of ileocecal valves may make this already easy task 
even easier (Summers et al. 2004). Solid stool can 
be distinguished from polyps by visual correspon-
dence analysis between prone and supine views; this 
relatively elaborate process can be facilitated by a 
computer aid (see Sect. 11.5.2).

However, there are types of false positives, such 
as solid stool that mimics the shape of polyps and 
adheres to the colonic wall, which are difficult to 
differentiate from polyps even for an experienced 

Fig. 11.7a–d. Example of CAD false positives. (Reprint, with permission, from Yoshida and Dachman 2005)

a b
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radiologist. Moreover, the pattern of the false posi-
tives may differ as new CAD techniques are devel-
oped. More research is required for establishing 
how radiologists can remove these false positives to 
make a correct final diagnosis reliably.

11.6 
Current and Future Challenges

During the past several years, many of the chal-
lenges that were facing CAD in its early stage 
of development (Summers and Yoshida 2003; 
Summers 2002) have been extensively investigated 
and partially solved. However, some challenges 
remain as open problems. Also, new challenges are 
facing CAD as the methods for acquisition and inter-
pretation of CTC images evolve. Some of the current 
and future challenges of CAD are described in the 
following sections.

11.6.1 
Detection and Extraction of Colorectal Masses

Despite the importance of the detection of cancers, 
only a very small number of CAD schemes have been 
developed for detection of colorectal masses that 
are likely to be cancers. This is probably because 
colorectal masses are generally considered to be 
easily seen by radiologists due to their size and inva-
siveness. On the contrary, it is not easy for CAD to 
detect and accurately delineate entire mass regions; 
instead, CAD tends erroneously to report local sur-
face bumps of a mass as several polyps.

The detection of both polyps and masses by CAD 
would be a more efficient computer aid in the inter-
pretation of CTC examinations than is the detec-
tion of polyps alone. If masses are not detected by 
CAD, radiologists need to perform a careful and 
complete review of all CTC cases for the presence 
of masses, which may increase the reading time. 
Moreover, accurate detection of masses may depend 
on radiologists’ experience and on how rapidly they 
read the cases (Morrin et al. 2003). Therefore, the 
application of CAD to the detection of masses could 
improve the diagnostic accuracy of CTC by reducing 
potential reading errors due to reader fatigue, inex-
perience, or a too rapid reading. Furthermore, with-
out explicit mass detection, CAD could also confuse 
radiologists by presenting portions of masses as sev-
eral polyps.

Automated detection of masses poses challenges for 
CAD because they may appear as intraluminal types 
(lobulated, polypoid, or circumferential) or nonin-
traluminal types (mucosal wall-thickening type of 
growth pattern or masses that block the colon), both of 
which have a wide variation in shape characteristics. 
Only a few CAD schemes for the detection of colorec-
tal cancers have addressed this challenge (Näppi et 
al. 2002b, 2004a). One of these studies (Näppi et al. 
2004a) used a fuzzy merging method and wall-thick-
ening analysis for delineation of intraluminal and 
non-intraluminal masses, respectively. The CAD 
scheme detected 93% of masses (13 of the 14 masses) 
in 82 patients and extracted their regions, with 0.21 
false positives per patient on average. Figure 11.8a 
shows a 50-mm intraluminal circumferential mass 
with apple-core morphology, and  Figure 11.8b shows 
its endoscopic view. The entire mass region was 
extracted by the mass detection method, as indicated 
by the white regions in Figure 11.8c,d.

Preliminary results indicate that CAD has the 
potential to detect colorectal masses in CTC with 
high accuracy. However, further research and a 
large-scale evaluation are needed for development 
of a CAD scheme that detect and delineate various 
types of masses reliably.

11.6.2 
Use of Correspondence Between Supine and 
Prone Views

Use of both supine and prone data sets of a patient 
is important for improving the specificity in the 
detection of polyps, because the mobility of a sus-
picious lesion between supine and prone views can 
differentiate polyps from stool (Chen et al. 1999; 
Morrin et al. 2002). A real polyp tends to stay at 
the same location in the supine and prone views of 
the colon, whereas a piece of stool tends to move 
around in the colon, and thus, the stool can be found 
in different locations when supine and prone views 
are compared.

However, in order for CAD to find such move-
ment, it is necessary to establish a location corre-
spondence between the supine and prone views. This 
is often a challenging task because the colon can be 
substantially deformed when the patient’s position 
is changed from supine to prone. Moreover, some 
parts of the colon can be displaced and collapsed at 
this positional change.

Most of the previous studies on correspondence 
between the supine and prone views were aimed 
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at matching the polyp pairs after they are detected 
(Iordanescu and Summers 2003; Li et al. 2004; 
Nain et al. 2002). Such a method would permit 
radiologists easily to identify the matched polyps 
in both views for subsequent detailed examination. 
For example, the CAD user interface in Figure 11.1 
provides such a polyp matching function as shown 
in the middle two windows on the screen.

Only a few studies have addressed the challenge of 
using the supine-prone correspondence for improv-
ing the detection performance of CAD. One of these 
established a regional correspondence between 
supine and prone data sets of a patient by dividing 
of the colon into overlapped regions (Näppi et al. 
2005a). Figure 11.9 shows an example of the over-
lapped regions, in which a narrow region (light gray) 
indicates the overlap between the two neighboring 
regions (dark gray and black). In this study, a polyp 
candidate was kept as a detected polyp if both of 
the corresponding regions in the supine and prone 
views contain the polyp candidate (gray circle). On 
the other hand, if only one of the corresponding 
regions contains a polyp candidate, it was removed 

as a false-positive detection (white circle). Use of 
this region-based correspondence method in CAD 
reduced the number of false-positive detections by 
20% while maintaining a 90% by-patient detection 
sensitivity (Näppi et al. 2005a).

The preliminary result is encouraging; however, 
further investigations need to be conducted for 
demonstrating that the use of both the prone and 
supine views is truly useful for CAD to achieve a 
high specificity.

11.6.3 
Effect of Fecal Tagging and Digital Bowel 
Cleansing

Tagging of feces, especially fluid, by an oral contrast 
agent such as a barium suspension or water-soluble 
iodinated contrast material, is a promising method 
for differentiating residual feces from polyps and 
thus improving the accuracy in the detection of 
polyps (Bielen et al. 2003; Lefere et al. 2002, 2004a, 
b, ; Pickhardt et al. 2003; Thomeer et al. 2003). 

Fig. 11.8a–d. Detection of masses

a b

c d
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at the interface of air and tagged fluid along the 
colonic wall or at the interface of air, fluid, and a 
fold (Zalis et al. 2004a). Digital cleansing may also 
create 3D artifacts that simulate polyps because 
incomplete cleansing due to suboptimal opacifica-
tion of luminal fluid can result in artifacts that may 
have the appearance of polyposis (Pickhardt and 
Choi 2003), which can be a cause of false positives 
in CAD. Current investigations of CAD for fecal-tag-
ging cases with cathartic preparation (Summers et 
al. 2005) and with reduced or minimum preparation 
(Yoshida et al. 2004a; Zalis et al. 2004a) are encour-
aging in that CAD showed the potential to detect 
polyps not only in the dry region of the colon, but 
also submerged in the tagged fluid. The left image 
in Figure 11.11 shows an example of a polyp (black 
arrow) that was submerged in the tagged fluid; this 
polyp was correctly detected and segmented by CAD, 
as indicated by the black region in the right image.

supine prone

Fig. 11.9a,b. Region-based supine-prone 
correspondence method for reduction 
of false-positive detections. (Reprint, 
with permission, from Yoshida and 
Dachman 2005)ba

Digital bowel cleansing is an emerging technology 
for removing the tagged stool and fluid, and thus it 
is useful for reducing bowel cleansing while main-
taining the accuracy of human readers in detect-
ing polyps (Pickhardt and Choi 2003; Zalis and 
Hahn 2001; Zalis et al. 2003, 2004b).

Tagging of feces introduces an additional chal-
lenge to CAD because reduced bowel cleansing tends 
to introduce a large amount of fecal residue, some 
of which may be tagged well, whereas some may not 
be tagged completely. Such a mixture of tagged and 
untagged stool can be a cause of false positives in CAD 
(Yoshida et al. 2004a). Figure 11.10 shows examples of 
stool (arrows) adhering to the colonic wall that were 
not tagged by the barium-based tagging regimen and 
thus were erroneously detected as polyps by CAD.

Moreover, digital cleansing may introduce arti-
facts because of the partial volume effect and a sub-
optimal mucosal reconstruction method, especially 

Fig. 11.10. Example of false posi-
tives in CAD for fecal-tagging 
CTC. (Courtesy of P. Lefere, M.D., 
Stedelijk Ziekenhuis, Roeselare, 
Belgium)
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Although encouraging, the results of these stud-
ies are limited and are not conclusive; therefore, 
CAD for fecal-tagging CTC remains a subject for 
future research.

11.6.4 
CAD for Rapid Interpretation: 
First Reader Paradigm

Some researchers proposed that CAD can reduce the 
interpretation time if radiologists focus on a small 
number of regions indicated by a CAD scheme. A 
reduction in time is most likely to occur when CAD 
is used as a first reader. Such a paradigm, often 
called “CAD as a first reader” (Evancho 2002; Mani 
et al. 2004), can possibly be used for separating out 
negative CTC cases even before radiologists read the 
cases. However, such a separation is likely to come 
with an increased number of missed abnormalities, 
because there is always a trade-off between sensitiv-
ity and specificity in CAD due to the fact that the 
diagnostic performance of a CAD scheme is repre-
sented by a receiver-operating characteristic curve 
(Metz 2000). In other words, when a CAD scheme 
is set to yield a high true-negative rate (i.e., a high 
specificity), the price we need to pay is a high false-
negative rate (i.e., a low sensitivity).

Thus far, no study has shown convincingly that 
CAD can shorten the interpretation time of CTC 
examinations, although some commercial CAD sys-
tems are advertised to be used in a similar manner 
to a first reader, and thus they imply that their CAD 
systems would reduce radiologists’ interpretation 
time. In fact, conventional use of CAD as a second 
reader may increase the interpretation time, because 
additional time is needed for examining the possible 

lesions found by CAD but not by a human reader. 
However, such an increase in time is expected to be 
small, as demonstrated in CAD for mammography 
(Jiang et al. 1999), or the total reading time may be 
unchanged, as demonstrated by a recent observer 
study (Mani et al. 2004). Further studies need to 
be conducted for evaluation of the effect of CAD for 
rapid interpretation of CTC examinations as well as 
the efficacy of the use of CAD as a first reader.

11.7 
Conclusion

CAD techniques for CTC have advanced substan-
tially during the last several years. As a result, a fun-
damental CAD scheme for the detection of polyps 
has been established, and commercial products are 
now appearing. Thus far, CAD shows the potential 
for detecting polyps and cancers with high sensitiv-
ity and with a clinically acceptable low false-positive 
rate. However, CAD for CTC needs to be improved 
further for more accurate and reliable detection of 
polyps and cancers. There are a number of techni-
cal challenges that CAD must overcome, and the 
resulting CAD systems should be evaluated based on 
large-scale, multi-center, prospective clinical trials. 
If the assistance in interpretation offered by CAD is 
shown to improve the diagnostic performance sub-
stantially, CAD is likely to make CTC a cost-effec-
tive clinical procedure, especially in the screening 
setting.

In the future, no matter what types of visualiza-
tion method (endoscopic, virtual dissection view, 
etc.) and reading method (2D primary or 3D pri-
mary reading) are widely used, it is expected that 

Fig. 11.11. Example of 
a true positive in CAD 
for fecal-tagging CTC. 
(Courtesy of Michael 
Zalis, M.D., Massachu-
setts General Hospital, 
Boston, MA)
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the detection of polyps by CTC will make use of some 
form of CAD. As the benefits of CAD are established, 
it will become more difficult to justify not using it, 
just as it would be difficult for a radiologist to jus-
tify not using a magnifying glass for reading mam-
mographic films. CAD will be a powerful diagnostic 
tool that will provide radiologists with an opportu-
nity to expand their sphere of influence by placing 
these CAD systems under their control, rather than 
losing procedures irretrievably to other specialists.
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emphasized the need for uniformity in presenting 
and reporting CTC data (Dachman and Zalis 2004; 
Zalis et al. 2005). In this chapter we review the fac-
tors that should be considered when the researcher 
reports results. Also, the informed reader should 
seek this information when reading reports of CTC 
trials. Even in a non-research setting, an internal 
audit of the success of a new CTC screening program 
is often desired. This chapter will guide radiologists 
and administrators as to the data that should be 
recorded and reported.

12.2 
Screening vs Non-Screening Cohorts

The diagnostic performance in a screening cohort 
might be poorer than in a cohort with a high preva-
lence of disease. It is useful to know what percentage 
of cases are truly screening, meaning average risk 
for colorectal cancer (CRC), the risk factor being 
age 50 years or older, vs above average risk patients. 
Above average risk patients are those with a family 
history of CRC (particularly in a first degree rela-
tive), a personal history of CRC or colonic adeno-
mas, or signs or symptoms suggestive of a colonic 
abnormality (e.g. blood in the stool, weight loss, 
anemia, etc.).

12.3 
Defining the Patient Preparation and CT 
Technique

The effect of preparation is important, not only in 
terms of cleansing of the colon of residual stool, 
but also of residual fluid. Most CTC reports have 
been done on consenting research patients who 
are already scheduled to undergo a non-research 
conventional colonoscopy. The preparation is often 
chosen by the gastroenterologist. A colonic lavage 
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12.1 
Introduction

The assessment of new technology such as CT colo-
nography (CTC) is usually based on the evidence 
presented in the peer reviewed literature (Bruzzi 
et al. 2001; Sosna et al. 2003; Dachman 2002). A 
summary or combined metric of performance is 
often based on a meta-analysis of multiple reports. A 
typical meta-analysis, as often seen for clinical drug 
trials, requires a reasonable uniformity in method-
ology. The difficulties in conducting a statistically 
valid meta-analysis in virtual colonoscopy have 
been summarized previously (Dachman 2002). 
Sosna et al. performed a meta-analysis of CTC data 
(Sosna et al. 2003) and found only 14 papers in the 
peer reviewed literature meeting their criteria for 
inclusion. However these data assume a fundamen-
tal homogeneity of technique of exam performance, 
interpretation and reporting.  Recent articles have 
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with 4 L of polyethylene glycol is know to leave sig-
nificant residual fluid which can hide polyps unless 
a unique strategy is used to reveal polyps submerged 
in fluid. Granted, in a well-distended colon, the use 
of both supine and prone views will theoretically 
move the fluid and reveal the polyp on at least one 
view, reader confidence is affected by not seeing the 
lesion on both views and sometimes the segment is 
collapsed on one view, thus precluding the possibil-
ity of correct diagnosis. Therefore in CTC screening, 
when the preparation is chosen by the radiologist 
a relatively “dry” preparation is preferred, using 
phosphosoda or magnesium citrate. Bisacodyl tab-
lets can also be used to reduce residual rectal fluid. 
Polyps submerged in fluid can be revealed by use 
of additional decubitus views, use of intravenous 
contrast or use of fluid tagging with barium and/
or water soluble orally administered contrast. Thus 
differences in these techniques can affect the diag-
nostic quality of the CTC and affect the validity of 
combining data from different investigators.

Recent evidence points to the efficacy of stool 
and residual fluid tagging, independent of the use 
of electronic subtraction (or “cleansing”) by special-
ized software programs (Iannaconne et al. 2004; 
McFarland and Zalis 2004). Data should be ana-
lyzed separately for patients undergoing tagging 
regimens and those that do not. Details of tagging 
options are discussed elsewhere in this book.

Controversy also remains regarding the use 
of spasmolytics: glucagon (primarily used in the 
United States) and Buscopan (used in Europe, but not 
approved for use in the United States). These drugs 
may affect patient comfort (and thus the report-
ing of patient satisfaction) and colonic distention. 
Spasmolytics may theoretically improve or hinder 
colonic distention. On the one hand, colonic spasm 
is minimized. However the ileocecal valve may 
become incompetent allowing reflux of gas into the 
small bowel. The effect of ileocecal valve reflux will 
depend on the method of distension. If a mechanical 
pump is used which keeps the colon distended at a 
set pressure, then the reflux may not hinder colonic 
distension. If manual distension is used, additional 
gas insufflation just prior to scanning will be needed 
to compensate for the gas refluxed into the small 
bowel. For these reasons, reporting of medication 
used, its route and dosage and timing of adminis-
tration, is also important.

The CT parameters will also impact the quality of 
the 2D, multiplanar and 3D reconstructed images. 
The details of scanner type, collimation, pitch, 
detector array for volume scanner, gantry rotation 

time, kVp, mA, mAs, radiation dose modulation, 
reconstruction kernel, reconstruction slice thick-
ness and interval, pixel size, will all be important. 
Because of the complexity of these parameters, often 
data combined from different institutions is com-
bined based on broad groups focusing on only key 
parameters such as: single vs multidetector scan; 
collimation over 3 mm vs 3 mm and less; high dose 
vs low radiation dose (a very subjective term since a 
wide range of dosages have been used). Other seem-
ingly less important factors, many nevertheless, are 
significant, such as the method of breath hold. Older 
papers used multiple breath holds or a breath hold 
followed by quiet breathing. Volume CT scanners 
such as 16, 32, 40 and 64 slice scanners are capable 
of shorter breath holds (depending on the detector 
array and collimation used) thus minimizing arti-
facts due to respiratory motion.

12.4 
Interpretation Method

The method of interpretation will undoubtedly 
affect reading time and probably diagnostic exam 
performance. Over the history of CTC, a wide range 
of software packages with varying capabilities have 
been used. In fact, software for CTC is still advanc-
ing rapidly and it is not uncommon to find that 
by time a peer-reviewed manuscript is in press, the 
software version used has been updated or is even no 
longer available. For this reason software platforms 
should be specified by vendor, version and other 
factors that can affect evaluation, such as: single 
vs dual monitor reading, mouse vs button control 
of navigation, automated vs manual fly-though. In 
the case of volume rendering, display parameters 
such as opacity and threshold should be reported 
in addition to standard window and grayscale level. 
For surface rendering displays, parameters such as 
threshold, contrast, lighting default settings should 
be reported. For both methods, it is important for 
investigators to report the field-of-view employed 
for scanning, and what if any zooming was employed 
during the interpretation of studies. Little head-to-
head comparison has been made of these differ-
ent viewing factors and the reporting of this data 
could assist in retrospective analysis of their affects 
(McFarland 2002).

Because it may affect reading time, the hardware 
platform upon which images are evaluated should 
also be specified. In particular, authors should 
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report both the number of processors utilized in 
the display system and their clock speed. As cost 
analysis of CTC will be an important aspect of its 
evaluation, it is useful to separate interpretation 
time from the time needed to fill out research case 
report forms.

Many authors have used confidence scales to help 
in interpreting data (Pickhardt et al. 2004b). This 
is another source of variation between authors in 
how confidence scales and ROC curves are gener-
ated. We suggest that rating scales for any issues 
such as: a) quality of distension, b) residual fluid, 
c) residual solid stool, d) confidence that a polyp 
is present at particular size criteria, uses a four- or 
five-point scale with discrete verbal descriptors of 
each of the points.

When more than one reader’s results are reported, 
clarify if the interpretations are independent or rep-
resent a consensus. Independent, multiple-observer 
studies are preferred. If reading time is reported, 
specify if this includes the time required to docu-
ment the findings.

There should always be a retrospective analy-
sis of the cause of false positive and false negative 
interpretations of CTC and CC, when those data are 
available.

12.5 
Lesion Size and Colonic Segment Location

The Boston Working Group previously published 
guidelines on the reporting of colonic lesion features 
(Table 12.1) and the classification of colonic findings 
for the purposes of suggested follow up (Table 12.2). 
Some of those parameters will be explained here as 
they impact the reporting of CTC data.

The matching of conventional colonoscopy (CC) 
and CTC for size and location is required in order 
to understand the diagnostic accuracy of the tech-
nique. Every effort should be made to measure 
accurately the size of each lesion detected. Ideally, 

during endoscopy use of a caliper tool is ideal. Nor-
mally only an estimate is made by comparing the 
polyp to the size of the open forceps. Measurement 
of polyps by comparison to open forceps requires 
that the forceps be held as closely as possible to the 
lesion, a point that should be emphasized as a qual-
ity control measure. Thus polyp size as reported by 
CC is usually at best an estimate. Lesion localization 
to a colonic segment is also a rough estimate by CC, 
because the endoscopist has little direct extralu-
minal reference by which to correlate the position 
of the endoscope within the colon. Even with new 
methods, such as a magnetic device attached to the 
endoscope that indicates endoscope location on the 
patient’s skin, CC may be subject to overestimation 
of distance of the lesion from the rectum due to 
stretching of the colon by the endoscope. Thus com-
parison for lesion location is best done by review 
of a recorded video of the endoscopy when avail-
able. The matching of lesions between CC and CTC 
should include lesion relationship to folds (on-a-fold 
vs in between folds) and lesion morphology (sessile, 
pedunculated, and flat). When multiple lesions are 
present, sequence of lesions can be helpful as well. 
Because video recording the entirety of each colo-
noscopy exam is not always feasible, an alternative 
is for the endoscopist to acquire still snapshots of 
pertinent views of colon anatomy. These images can 
demonstrate colon pathology in relation to local 
normal anatomy and can be readily compared with 
the rendered endoluminal reconstructions that are 
available on all commercial CTC display stations. 
These matching techniques should substitute for a 
simple “segment” analysis of lesion location, and 
reporting investigators should clearly state what 
method they employed to compare size and position 
of polyps. Caution should be used before conclud-
ing that a lesion found by CTC – but not CC – is a 
false positive, even if video endoscopy is available 
for review. Pickhardt et al. have shown that some of 
these represent false negative exams by OC due to a 
polyp being hidden behind a fold (Pickhardt et al. 
2004a).

Table 12.1. Feature descriptors of colonic lesions

Lesion size (mm) For lesions 6 mm or greater, single largest dimension of polyp head (excluding stalk if present) in either, 
MPR, or 3D views. The type of view employed for measurement should be stated

Morphology Sessile–broad based lesion the width of which is greater than the vertical height
Pedunculated–polyp with stalk
Flat–vertical height less than 3 mm above the surrounding normal colonic mucosa

Location Refer to named standardized colonic segmental divisions: rectum, sigmoid, descending, transverse, 
ascending, and cecum

Attenuation Soft tissue density
Fat
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We favor the use of a six segment scheme when 
reporting the colonic segment location of a polyp. 
We suggest avoiding “hepatic flexure” and “splenic 
flexure” as separate segments. While the point of 
the flexure however is usually well-defined as the 
radiologic splenic and hepatic flexure – the first 
sharp curve in the colon at its most cephalad point 
– there is no defining transition between the flexure 
and the adjacent ascending, transverse or descend-
ing colon for the endoscopist. We suggest use of 
rectum, sigmoid, descending, transverse, ascending 
and cecum to report lesion location. We recognize 
that the defining points of the sigmoid are a matter 
of judgment of the radiology investigator and can 
vary according to the anatomy of each patient.

There remain differing opinions as to the best 
way to measure lesions. In most cases, lesion size can 
be measured accurately on magnified 2D multipla-
nar images. A notable exception is lesions that are 
oval which may be more accurately measured on 3D 
endoluminal views. We propose that for standard-
ization, the largest single dimension be reported for 
a given lesion (analogous to RISC criteria for solid 
tumors), on 2D for round lesions and on 2D or 3D 
for oval lesions. Placing electronic cursors on the 
edge of a polyp on the 3D view is subject to error 
in that placement just beyond the edge of the polyp 
may markedly overestimate polyp size if the cursor 
is really placed on a nearby or distant colonic sur-
face. As a result, we urge caution when making size 
measurements primarily on 3D endoluminal recon-
structions. Investigators may wish to confirm cor-
rect placement of 3D cursors in another view before 

recording a measurement. While ideally, the average 
of several lesion measurements should be reported, 
but we recognize that this may not be feasible in all 
cases due to time constraints. Lesion shape should 
be given, e.g. round or oval, although the largest 
dimension should be used for reporting size. For 
pedunculated lesions the stalk diameter and length 
should be estimated. The selection of a particular 
window and level will also affect the apparent size 
of a lesion. We prefer lung window settings. In any 
event, the setting used should be specified.

To promote further standardization of reporting, 
we suggest that investigators should report polyps 
based on the following standard size categories: 
under 5 mm, >5 to <10 mm and >10 mm. Since 
large masses have a different conspicuity and clini-
cal significance compared to polyps, they should 
be reported separately. More detailed data by exact 
size threshold (e.g. 6 mm, 7 mm, 8 mm and 9 mm 
sizes) is desirable. There is mounting evidence that 
a 6 or 7 mm size cut off is optimal and that report-
ing smaller lesions will adversely impact exam 
specificity. Annular cancers and masses 4.0 cm or 
larger be reported and analyzed separately from 
polyps. The size distributions of reported polyps 
has been  a particularly frustrating issue in attempt-
ing to summarize reports, as some have used 7 mm 
or 8 mm size groupings. In some publications it is 
unclear how diminutive polyps (less than 5 mm) 
have been categorized. The data are overwhelming 
that specificity of CTC drops to unacceptable levels 
if lesions <5 mm are reported. In addition, there is 
growing consensus that the clinical significance of 

Table 12.2. Classification of colonic findings and suggested follow-up

C0. Inadequate study/awaiting prior compari-
sons

Inadequate prep: cannot exclude lesions >10 mm due 
to fluid/feces
Inadequate insufflation: one or more colonic segments 
collapsed on both views
Awaiting prior colon studies for comparison

C1. Normal colon or benign lesion; continue 
routine screeninga

No visible abnormalities of the colon
No polyp ≥6 mm
Lipoma or inverted diverticulum
Non-neoplastic findings, e.g. colonic diverticula

C2. Indeterminate lesion; surveillance recom-
mended, or endoscopyb

Polyp 6–9 mm, <3 in number
Findings indeterminate; cannot exclude polyps ≥6 mm

C3. Polyp, possibly advanced adenoma; follow-
up colonoscopy recommended

Polyp ≥10 mm
Three or more polyps, each 6–9 mm

C4. Colonic mass, likely malignant; surgical 
consultation recommendedc

Lesion compromises bowel lumen; demonstrates extra 
colonic invasion

a Every 5–10 years
b Evidence suggests surveillance can be delayed at least three years, subject to individual patient circumstance
c Communicate to referring physician as per accepted guidelines for communication, such as ACR Practice 
Guideline for Communication: Diagnostic Radiology. Subject to local practice, endoscopic biopsy may be 
indicated
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these diminutive polyps is quite small. The conclu-
sion concerning clinical significance is based on the 
extremely low prevalence of carcinoma to be found 
in resected specimens of this size, and the fact that 
a large percentage of these lesions are hyperplastic 
in histology, hence carrying no malignant potential. 
In non-research situations, the lesions size can be 
first estimated by comparison to a scale on the 2D 
images. If the lesions is clearly <5 mm, time can be 
saved by not trying to measure or problem-solve 
these potential polyps.

When comparing lesion size to biopsy or pathol-
ogy specimens, the report should indicate if the 
specimen was fresh or fixed. In either case, the lesion 
size as reported by the pathologist is likely to be 
smaller than that observed by either radiologist or 
endoscopist due to the combination of lack of blood 
flow and consequence of the fixation process.

The histology of the polyp should be categorized 
as adenoma (tubular, villous or mixed), adenocarci-
noma, hyperplastic or normal mucosa. Hyperplas-
tic polyps (and mucosal tags) are not pre-malignant, 
and several authors have suggested that hyperplas-
tic polyps may flatten and be less conspicuous in 
well-distended or over-distended colons. In the case 
of diminutive lesions or difficult resections, the 
endoscopist is not always able to retrieve sufficient 
material to provide pathologic diagnosis. However, 
when available, this data aids in our understanding 
the prevalence and clinical significance of lesions. 
In addition, the ability to correlate of diagnostic per-
formance to histology will be an important aspect of 
the validation of CTC since only the adenomatous 
lesions are pre-malignant. Therefore we recommend 
reporting sensitivity data for adenomatous lesions 
separately and for all lesions separately.

12.6 
Lesion Morphology

Polyps should be reported with morphologic data in 
addition to size, as lesions with sessile or flat morphol-
ogy are thought to confer a different risk of harbor-
ing carcinoma. Another important area of interest is 
the diagnostic performance of CTC for detecting flat 
lesions-polyps that primarily infiltrate along the colon 
mucosa and hence do not markedly impinge into the 
colon lumen (Fidler et al. 2002). A recent review of 
the National Polyp Study showed that flat lesions, as 
defined by pathologists, do not have an increased risk 
of dysplasia or carcinoma, independent of the lesion 

size (O’Brian et al. 2004). Fidler et al. (Fidler et al. 
2002) have shown that flat lesions are less common 
than previously reported and that these lesions were 
also often hyperplastic. We propose that for reporting 
purposes, a flat lesion should be a one whose height 
is no more that 3 mm above the surrounding normal 
mucosa. (Avoid defining flat lesions as those whose 
height is 50% of the lesion diameter.) Accordingly, 
when a flat lesion is suspected, we recommend that 
authors report the additional dimension of lesion 
height. While lesion height may be easily measured 
from the CTC images, we recognize that lesion height 
from endoscopy may only be an estimate and is not 
normally reported unless prospectively requested. 
We propose that flat lesions should be further sub-
divided in those that are infiltrative with no percep-
tible raised component, and those that are raised and 
project into the lumen. The justification is that the 
latter may be more conspicuous to the CTC reader 
and may be more amenable to detection by shaped-
based computer-aided diagnosis programs. Report-
ing the morphology of lesions more comprehensively 
will assist in fully evaluating the performance of CTC, 
since there may be differences in sensitivity related to 
morphology, particularly for flat lesions. In addition, 
to maximize our ability to retrospectively analyze 
the performance of CTC, we recommend that authors 
specify if flat or infiltrative lesions are visible only on 
one particular window/level setting. Analysis of this 
visualization data may permit future refinement of 
recommended reading protocols.

12.7 
Definition of the “Gold Standard”

The often reported miss rate for CC of 6% for polyps 
1 cm or larger, is based on a single small study of 
back-to-back CCs (Rex et al. 1997). CTC studies sug-
gest the CC miss rate may be 12% (Pickhardt et 
al. 2004a). Several strategies are being employed by 
some multicenter trials to address this issue, includ-
ing the segmental unblinding of the colonoscopist 
during the removal of the endoscope (Pickhardt et 
al. 2003). In this method, CTC results are reported 
segment by segment, after the endoscopist has made 
his/her own independent evaluation of a segment of 
colon. If there is a discrepancy between the reported 
CTC finding and CC, the endoscopist is able to re-
advance the scope in attempt to find and confirm 
the presence or absence of a polyp. This comparison 
is particularly important to reduce the false positive 



158 A. H. Dachman and M. Zalis

rate for CTC that may be due to true lesions that 
are not initially detected by endoscopy. Clearly, CC 
is our best arbitrary “standard”, but it is important 
that we recognize its limitations. When possible, 
all follow up data should be used for comparison 
of lesion matching, including surgical findings and 
follow up endoscopy.

When a follow up exam such as a second colo-
noscopy, flexible sigmoidoscopy, barium enema or 
surgical resection of colon changes the “truth”, the 
by-patient data should be presented both with and 
without this follow up data.

12.8 
By-Patient Data

Using size and histologic criteria outlined above, the 
by-patient sensitivity, specificity, positive and nega-
tive predictive values of CTC should be reported 
with their confidence intervals and p values. Inclu-
sion criteria often mix ACS average risk and above 
average risk patients. The data should be reported 
both combined and separated by risk stratification 
for colorectal cancer. Newly recognized risk fac-
tors such as association with ovarian carcinoma in 
women should be sought.

12.9 
Synchronous Lesions; Reporting of Data 
By-Polyp

The presence of synchronous polyps in the same 
patient could be handled in a variety of ways that 
could bias reported results. For example, in clinical 
practice, one might argue that the observation of 
even a single significant sized lesion on CTC will 
result in a colonoscopy follow-up examination. 
Hence, one could argue that, in order to decrease 
reading time and reader fatigue, a detailed search 
for synchronous lesion is unnecessary if a signifi-
cant lesion has already been detected. However, CC 
may be incomplete in 2–10% of patients and since 
the actual miss-rate for CC is estimated at 6–12% 
for 10 mm lesions, we suggest that both clinical and 
research based CTC interpretation involve a com-
plete evaluation of the entire colon. Alternately, 
synchronous lesions could artificially increase by-
polyp sensitivity by increasing dwell-time in evalu-
ating one segment of colon; if one spends more time 

evaluating a polyp candidate; there is a greater like-
lihood in detecting a second adjacent lesion when 
one is present). Because of these complex biases that 
could affect sensitivity, the number of patients with 
synchronous lesions, the lesion sizes and histologies 
in those patients should be specified.

12.10 
Future Considerations

The impact of current research on stool opacification, 
electronic subtraction of fluid and stool and integra-
tion of computer aided diagnosis is uncertain but 
likely to improve patient acceptance and ease of inter-
pretation (Dachman and Yoshida 2003). In evaluat-
ing stool opacification the dosing regimen should be 
detailed. In comparing CAD to observer studies we 
suggest that CAD be evaluated as a “second opinion” 
similar to its use in mammography.

12.11 
Conclusion

The uniform terminology and reporting of CTC data 
will lead to a better understanding of true exam 
performance and better patient management rec-
ommendations (Table 12.2). This quality and con-
sistency is beneficial to both academic and non-aca-
demic settings. We hope that an understanding of 
the complex interaction of the parameters discussed 
above will facilitate a better analysis and reporting 
of clinical trials and even review of exam perfor-
mance within individual clinical practices where 
CTC is introduced as a new screening too.
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13.1 
Introduction

Currently, there are two main indications for CT 
colonography (CTC). First, polyp detection, in 
patients with an increased risk for colorectal cancer, 
or in asymptomatic patients, with an average risk, 
for screening purposes. The second common indi-
cation is incomplete or failed colonoscopy, where 
CT colonography is useful for complete colon visu-
alization; for example, to detect additional lesions 
proximal to a stenotic cancer (Morrin et al. 1999; 
Macari et al. 1999). In addition to these main indi-
cations, there are several other conditions where the 
role of CT colonography is not yet clearly defined. 
Some of these conditions may lead to colon obstruc-
tion, in which case CTC is performed after incom-
plete colonoscopy. However, CTC may also be used 
for surveillance of these conditions, per se, as an 
alternative to colonoscopy or barium enemas. Diver-
ticular disease is the most common colonic disease 
in the Western world and often leads to diverticuli-
tis. CTC is helpful in the assessment of not only the 
lumen, but also any extramural changes (Table 13.1). 
At chronic stages of inflammatory bowel diseases, 
CT colonography can provide information about the 
extent of the disease and about stenosis and preste-

notic regions, as well as the extracolonic extent and 
complications of the diseases. There is little experi-
ence about the feasibility of CT colonography in the 
evaluation of colonic lymphoma or for post-surgical 
or post-interventional surveillance.

Although the primary target lesion for CT colo-
nography is defined as the adenomatous polyp, CT 
colonography has the ability to provide unique infor-
mation about many other pathologic conditions.

13.2 
Diverticular Disease

Diverticular disease is the most common colonic 
disease in the Western world, affecting 10–30% of 
people at age 50 years and 30–60% at age 80 years. 
However, the disease is asymptomatic in the major-
ity of patients. Together with aging, longstanding 
low dietary fiber is the main predisposing factor for 
diverticular disease. Other etiological factors have 
been suggested, including increased consumption of 
red meat, fat, and salt.

An early stage of the disease is the so-called pre-
diverticulosis, which is characterized by thickening 

Table 13.1. CTC features of diverticular disease

Diverticula

 Gas fi lled outpouching of colon wall in 2D

 Complete dark ring in 3D

 Cave: polypoid pseudolesion in VE “en face”

Impacted diverticula

 Polypoid pseudolesion in 3D 

 Incomplete ring shadowing in 3D

 2D Pathognomonic: fi lled with air, stool, retained barium, 
 CM wall enhancement

Diverticulitis

 Wall thickening with CM enhancement

 Stenosis and pericolic fat stranding

 VE: Nonspecifi c
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of the muscular layer, shortening of the taeniae, and 
luminal narrowing. With advancing disease, caliber 
and haustral abnormalities appear. This results in 
a global and regular wall thickening of >4 mm of 
long colonic segments with prominent semicircular 
folds, shortened interhaustral segments (concertina 
appearance), and a reduced colonic distensibility 
(Lefere et al. 2003) (Fig. 13.1a–c).

Most of the diverticula are pseudodiverticula, 
which are herniations of the mucosa, muscularis 
mucosae, and submucosa through the circular mus-
cularis propria layer at weak points in the colonic 
wall where nutrient arteries penetrate the muscula-
ris propria. Rarely, true diverticula (most often at the 
proximal colon) are found, which are characterized 
by an outpouching of mucosa, submucosa, and the 
muscularis propria. The radiological features of the 
two types of diverticula are not distinguishable. The 
CTC appearance of diverticula is easily recognized 
as air-filled outpouchings of the colonic wall on 2D 
images. On the virtual endoscopic (VE) images, the 
diverticular orificium can be recognized as a com-
plete dark circumferential ring when seen en face. 
Because of the complete dark ring, diverticula may 
simulate polyps when seen en face on VE images 
(Fenlon et al. 1998) (Fig. 13.2a–c).

Differential diagnostic problems can occur if 
a diverticula inverts into the colonic lumen or is 
impacted with stool. A diverticulum may occasion-
ally invert into the colonic lumen and produce a 
pseudopolypoid lesion on 2D and 3D images. The 
corresponding VE image is nonspecific and shows 
a polypoid lesion (Fig. 13.3a,b). The 2D images are 
essential to arrive at the correct diagnosis: inverted 
diverticula with pseudopolypoid shape sometimes 

contain some air, residual stool, or fat attenuation 
because of a central umbilication in the inverted 
part of the diverticulum, or due to an inclusion of 
perisigmoidal fat (Fenlon 2002).

A more common finding than inverted diver-
ticula, diverticula impacted with fecal material 
may appear as a raised lesion and mimic polyps on 
VE images. On the 2D images, a hyperdense ring 
with a hypodense center containing air or stool, 
or even retained barium from prior examinations, 
can be found in such a lesion (Hara et al. 1997) 
(Fig. 13.4a,b).

Inflammation of the diverticula leads to symp-
tomatic diverticulitis, which occurs in two-thirds of 
cases in the sigmoid colon. Complications that may 
develop are pericolic abscess, perforation, hemor-
rhage, fistula formation, and post-inflammatory 
stenosis. For diagnosis of acute diverticulitis, CT 
without colon distension is the primary imaging 
modality. Significant findings for diverticulitis are 
cone-shaped mild wall thickening with involvement 
of a long segment (>10 cm) with increased contrast 
enhancement, pericolic fat stranding, and fluid 
at the root of the mesentery (Fig. 13.5). The most 
important differential diagnosis for diverticulitis is 
colon cancer. In contrast, extensive wall thickening 
with short extension (<5 cm), especially with shoul-
der formation and pericolonic lymph nodes, is sus-
picious for neoplasms (Chintapalli et al. 1999).

Presently, CT colonography has no role in the 
diagnosis of acute diverticulitis, and, in addition, 
the distension of the colon may lead to perforation. 
In selected cases, CTC may help in the differential 
diagnosis between diverticulitis and cancer after the 
acute inflammatory episode has subsided.

Fig. 13.1a–c. Diverticulosis: a axial planes show multiple gas-fi lled outpouchings of colon wall in nearly all parts of the colon 
(arrow); b VE shows complete dark rings (arrow); c global volume rendering views show the extent of the disease with reduced 
colonic distension (concertina appearance), especially in the sigmoid colon (arrow)

a cb
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ba

Fig. 13.2a,b. Polyp vs diverticula: a VE 
shows complete dark ring at the diver-
ticulum (arrow); b incomplete ring 
shadowing at the polyp (arrow)

Fig. 13.3a,b. Inverted diverticulum: 
pseudopolypoid shape on virtual 
endoscopic images. On 2D images, 
these lesions contain some air, residual 
stool, or fat attenuation because of a 
central umbilication in the inverted 
part of the diverticulum or due to an 
inclusion of perisigmoidal fat. (Used 
with permission of Lefere et al. 
2003)

ba

Fig. 13.4a,b. Normal (arrow) and 
stool-impacted diverticulum (arrow-
head). VE shows complete dark ring at 
the normal diverticulum and incom-
plete ring shadowing at the impacted 
diverticulum simulating a polypoid 
lesion. On 2D images in the impacted 
diverticulum, a hyperdense ring with a 
hypodense center can be found

Fig. 13.5a,b. Diverticulitis axial unen-
hanced (a) and curved multiplanar 
view with IV contrast (b): Wall thicken-
ing of a long segment (arrow) with CM 
enhancement, diverticula, stenosis, and 
fat stranding

ba

a b
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13.3 
Inflammatory Bowel Disease

Within the group of inflammatory bowel diseases 
(IBD), Crohn’s disease (CD) and ulcerative colitis (UC) 
represent the most important conditions. CT colonog-
raphy helps to assess the colon proximal to a stenosis, 
which cannot be passed with endoscopy (Ota et al. 
2003) (Table 13.2). Furthermore, CT colonography is 
useful for evaluating the extracolonic extent and com-
plications of the disease. The i.v. administration of 
contrast is helpful for the evaluation of inflammatory 
wall changes (Harvey et al. 2001).

13.3.1 
Ulcerative Colitis

Ulcerative colitis is an inflammatory bowel disease 
limited to the mucosa and submucosa of the colon. 
The disease typically begins in the rectum and con-
tinuously extends proximally to involve part of the 
colon or the entire colon (pancolitis). In 10–40% 
of cases, the distal ileum is also inflamed, which 
is referred to as backwash ileitis. The most severe 

complication is the toxic megacolon, which appears 
in up to 5% of cases and carries the risk of perfora-
tion and peritonitis (Fig. 13.6a,b).

Although there is little experience in the evalua-
tion of ulcerative colitis with CT colonography, the 
early subtle inflammatory mucosal changes, such as 
the granular pattern of the mucosa or tiny punctuate 
ulcers known from double contrast barium enema, 
may be beyond current spatial resolution of CT colo-
nography.

Progression of the disease leads to hyperemia and 
submucosal edema, which then results in thickening 
and stratification of the wall, and is accompanied by 
increased paracolic vascularity. Increased ulceration 
and pseudopolyps appear and the mucosa becomes 
friable. Lymph node enlargement is only slight. The 
appearance of abscess or fistula formation is uncom-
mon. In these acute stages, the benefit of CT colo-
nography, in contrast to conventional colonoscopy, 
seems to be questionable. In case of toxic megacolon, 
there is an absolute contraindication to insufflation 
of air due to the extreme risk of perforation. In case 
of acute colitis without signs of toxic megacolon, CTC 
should be performed with caution. There are only a 
few reports about colonic perforations due to CTC 
(Sosna et al. 2005). However, in most cases, stenotic 
or otherwise diseased colons were affected and ulcer-
ative colitis has been reported as one of these predis-
posing conditions (Coady-Fariborzian et al. 2004). 
The air distension of the colon may lead to intramural 
laceration or frank perforation (Fig. 13.7a–c.)

Subacute and chronic forms lead to thickening 
and rigidity of the wall. Narrowing of the colonic 
lumen and foreshortening of the colon may occur 
(Macari and Balthazar 2001). The bowel loses its 
haustral pattern, which can result in a tubular “lead 
pipe” appearance. Post-inflammatory polyps may 
be present. As a result of inflammation, there may 
be proliferation of the pericolic fat (Fig. 13.8a–c.).

Table 13.2. CTC features of infl ammatory bowel disease

Discrete irregular wall thickening (continuous vs. discontinuous)

Flattening or disappearance of haustra

Increased CM enhancement of wall

Stenosis

Pseudopolyps

Cobblestone pattern (Crohn) 

Fibrofatty proliferation around colon (Crohn > UC)

Lymph nodes (Crohn > UC)

Abscess, fi stula, pseudotumor (Crohn)

Cancer (UC >> Crohn)

Fig. 13.6a,b. Toxic megacolon (no colonic 
insuffl ation was performed): colonic dil-
atation with intraluminal air and fl uid 
(a). The luminal contour is distorted and 
anhaustral. Diffuse slight wall thicken-
ing with increased CM enhancement of 
the whole colon and ill-defi ned nodular/
pseudopolypoid surface (a,b). There is 
an absolute contraindication for insuf-
fl ation of air due to the extreme risk of 
perforation!a b
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Fig. 13.7a–c. Acute ulcerative colitis with perforation due to air insuffl ation: discrete diffuse wall thickening with increased CM 
enhancement of the whole colon (a). Total fl attening and disappearance of the haustra with a tubular appearance of the colon 
(a,b). Focal paracolic air formations around the transverse colon are a sign of perforation (arrow) (a–c)

a cb

Fig. 13.8a–c. Chronic ulcerative colitis: a,b narrowing of the colonic lumen and foreshortening of the colon with total fl attening 
and disappearance of the haustra, leading to tubular appearance (“lead pipe”) of the colon; c pseudopolyps (arrow)

b ca

The risk of development of colorectal cancer 
increases with the extent and the duration of the dis-
ease. Focal wall thickening, shoulder formation, or 
large polypoid lesions are suspicious for the develop-
ment of colorectal cancer (Fig. 13.9. a–c). Differentia-
tion between an inflammatory stenosis in ulcerative 
colitis and cancer is the domain of endoscopy with 
biopsy, but CTC may be used as an adjunct in patients 
with an endoscopically non-assessable colon.

13.3.2 
Crohn’s Disease

Crohn’s disease may involve segments of the whole 
GI tract. However, Crohn’s disease most often affects 
the terminal ileum and the proximal colon. Unlike 
ulcerative colitis, Crohn’s disease typically affects 
the GI tract in a discontinuous way (so-called skip 

lesions) and the inflammatory process is transmural 
in nature.

CT usually misses the early stages of Crohn’s dis-
ease (Biancone et al. 2003). With progression of the 
disease, mural thickening and luminal narrowing 
occur. The outer contour of the colon wall is irreg-
ular. The degree of contrast enhancement of the 
bowel wall correlates with the severity of the disease 
(Gore et al. 1996). As a result of the hyperemia from 
the inflammatory process, the local mesenteric ves-
sels are dilated and widely spaced, which has been 
described as the “comb sign.” A progressive increase 
in higher-density pericolic fat is called fibrofatty 
proliferation and is an attempt by the body to con-
tain the inflammatory process, resulting in separa-
tion of the bowel loops. Usually, multiple mesenteric 
lymph nodes, measuring <10 mm in the short axis 
diameter, are present. Extensive, intersecting linear 
transverse and longitudinal ulcerations can result 
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in the so called “cobblestone pattern,” which can be 
evaluated with virtual endoscopic images (Tarjan 
et al. 2000). With progression of the disease, the 
transmural inflammation is accompanied by irre-
versible fibrosis. (Fig. 13.10a–c)

Frequent complications are fistula, abscesses, 
adhesions, and stenosis, leading to bowel obstruc-
tion. Fistula can appear as ill-defined soft tissue 
bands extending into the paraintestinal fat. After 
colonic air insufflation, small amounts of air can 
sometimes be present in the fistulas, resulting in a 
better delineation (Tarjan et al. 2000). On endo-
luminal views, the fistula opening is sometimes 
depicted (Fig. 13.11b). A Fistula opening may be seen 
at the top of a pseudopolypoid lesion of granulation 
tissue formation. In these cases, the combination of 
3D and 2D images may provide sufficient informa-
tion for complex disease. Abscesses are most fre-
quently associated with small bowel disease or ileo-

colitis and may extend into adjacent tissues, bowel 
loops, or organs. Stenosis in Crohn’s disease shows, 
in many cases, circular cone-shaped wall thickening 
with increased CM enhancement and involvement 
of a longer segment. In other cases, short stenoses 
with wall thickening and abrupt shoulders at the 
proximal and distal end occur, which makes dif-
ferentiation from malignant stenosis impossible 
(Figs. 13.11a and 13.12a–c). Perforations are uncom-
mon and usually contained. Conglomerate masses 
are present if there is an involvement of multiple 
bowel segments or a large bowel segment with fistu-
lation and abscess formation (Fig. 13.11c).

There is a slightly increased risk of developing 
colorectal cancer and lymphoma as a complication 
of the disease. These neoplasms mostly affect the 
small bowel. The presence of lymph node enlarge-
ment >10 mm in the short axis diameter should raise 
suspicion for malignancy.

Fig. 13.10a–c. Crohn’s disease: Skip lesions (arrow) in the terminal ileum and the transverse colon (a,b). Irregular wall thicken-
ing and stenosis of the transverse colon with pericolic fat stranding and fl attening and disappearance of the haustra (arrow) 
(b). Virtual colonoscopy shows luminal narrowing and cobblestone pattern

b ca

Fig. 13.9a–c. Ulcerative colitis with stenotic cancer in the transverse colon (arrow): local fl attening and disappearance of the 
haustra in the sigmoid and descending colon (a). Focal, stenotic, circular wall thickening with shoulder formation in the trans-
verse colon, with soft tissue attenuation and CM enhancement (b,c). Combined 2D+3D view of the stenotic cancer (c)

a cb
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For evaluation of the small bowel involvement, CT 
enteroclysis is the preferred technique. There is little 
experience about the feasibility of CT colonography 
in Crohn’s disease. Published results indicate that 
CT colonography can be helpful in the evaluation 
of colonic involvement, especially if conventional 
colonoscopy is incomplete (Biancone et al. 2003). 
In addition, the extracolonic extent and complica-
tions of the disease can be evaluated.

13.4 
Colorectal Carcinoma

Adenocarcinomas are the most common colonic 
primary tumors. The peak incidence is between 50 
and 70 years of age. Approximately 90% arise from 
benign adenomatous polyps. Most carcinomas show 
an exophytic, polypous type of growth with frequent 

central degeneration. Adenocarcinomas tend to 
infiltrate the bowel wall circumferentially and 50% 
are found in the rectum, and 25% in the sigmoid. 
In up to 5% of cases, a synchronous carcinoma is 
present (Fig. 13.18a,b).

The main indication for CT colonography in 
colorectal cancer is the evaluation of the pre-ste-
notic colon to detect additional tumors or polyps 
(Genlon et al. 1999; Morin et al. 2000a; Neri et 
al. 2002) (Table 13.3). CT colonography also offers 
information about local tumor invasion, lymph 
nodes, and distant metastases (Filippone et al. 
2004; Chung et al. 2005; Iannaccone et al. 2005). 
For this purpose, the i.v. administration of contrast 
media is indicated (Morrin et al. 2000b). The role of 
CT colonography for T staging of known colorectal 
cancer is still a matter of discussion because primary 
tumors are resected, even if metastases are present, 
to prevent bowel obstruction. Less invasive surgical 
approaches, such as local tumor resection (mucosal 

Fig. 13.11. a Crohn’s disease: stenosis in the transverse colon (arrow). b Ileo-cecal fi stula (arrow) and stenosis in the ascending 
colon. c Conglomerate mass between cecum and small bowel loops (arrow)

a cb

Fig. 13.12a–c. Crohn’s disease: various forms of stenoses (arrow) and disappearance of the haustra in three different patients

a cb
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resection) in stages below T3, may indicate the need 
for a re-evaluation of the role of CT colonography 
in T staging.

Unlike polypoid lesions, which are more easily 
detected on 3D endoluminal views, invasive mass 
lesions are better depicted on 2D images, which 
allow mural and extramural evaluation ( Pickhardt 
2004).

Colorectal cancer typically shows extensive 
focal polypoid, asymmetric, or circular wall thick-
ening with short extension (<5 cm), especially 
with shoulder formation (Fenlon et al. 1998; 
Taylor et al. 2003a). Colorectal carcinomas show 
moderate enhancement with intravenous contrast 
(Oto et al. 2003; Sosna et al. 2003) (Fig. 13.13a,b). 
CT differentiation between stage T1 (invasion of 
mucosa and/or submucosa) and T2 (invasion of 
the muscularis propria) is not feasible, but tumor 
extension beyond the colon wall (T3), character-
ized by stranding, an indistinct boundary, and 
nodular protrusions into pericolic fat tissue, is 
readily appreciated by CT (Fig. 13.14a,b). Tumor 
infiltration to adjacent organs (T4) is most likely 
if the carcinoma shows a broad-based contact, no 
intervening fat planes, and indistinct boundaries 

Table 13.3. CTC features of colorectal carcinoma

Focal, asymmetric or circular wall thickening

Annular stricture

Wall irregularity

CM enhancement

Pericolic invasion (pericolic soft tissue stranding)

Local lymphadenopathy

Metastases

T Staging

T1: Invasion of the mucosa and submucosa 

T2: Infi ltration of the muscularis propria

T3: Infi ltration of pericolic fat

T4: Invasion of adjacent organs

Reliable differentiation between mucosal /submucosal inva-
sion (T1) and infi ltration of the muscularis propria (T2) with 
CT is still not possible

Fig. 13.14a,b. Semicircular sigmoid 
carcinoma (arrow): focal, asymmet-
ric, semicircular wall thickening with 
shoulder formation in the sigmoid 
colon (a,b). The lesion shows CM 
enhancement and pericolic soft tissue 
stranding (b)a b

Fig. 13.13a,b. Polypoid rectal cancer 
(arrow): large polypoid, lobulated 
mass in the rectum (a,b). The lesion 
shows soft tissue attenuation and CM 
enhancement (b)ba
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to other organs (Fig. 13.15a,b). Pericolonic lymph 
nodes and distant metastasis are signs of progres-
sion of the disease and can be evaluated with 2D 
planes.

The most common pitfalls are inflammatory 
stenosis and the segmental colonic spasm. Inflam-
matory and post-inflammatory stenosis more often 
show cone-shaped mild wall thickening with involve-
ment of a long segment (>10 cm) and pericolonic fat 
stranding. Sometimes fluid is present at the root of 
the mesentery (Chintapalli et al. 1999) (compare 
Figs. 13.10b and 13.11a, vs Fig. 13.14 and 13.15).

Segmental colonic spasm is a physiological lumi-
nal narrowing due to peristaltic muscular contrac-
tion of the colon. The administration of antispas-
motic drugs, such as butylscopolamine (Buscopan) 
and glucagon may reduce the appearance of spasms 
and improve colonic distension (Taylor et al. 
2003b). Often, these pseudostenoses disappear 
during the examination when changing the position 
from prone to supine or vice versa. In such cases, the 
evaluation of the second series can be diagnostic to 
see whether the pseudostenosis disappears when the 
spasm relaxes (Fig. 13.16a–d).

Fig. 13.15a,b. Circular sigmoid carci-
noma T4 (arrow): focal, symmetric, 
circular wall thickening with shoulder 
formation and pericolic soft tissue 
stranding in the sigmoid colon (a,b). 
The lesion shows a broad-based contact, 
no intervening fat planes and indistinct 
boundaries to the psoas muscle, indica-
tive of infi ltration (b)ba

Fig. 13.16a–d. Segmental colonic spasm 
in the descending colon (arrow): focal, 
irregular circular wall thickening with 
shoulder formation in the supine posi-
tion (a–c). The lesion shows soft tissue 
attenuation and CM enhancement (a). 
Normal colon wall without wall thick-
ening or stenosis in the prone position 
(d). It is important to identify the same 
segment as in the supine position

a

c d

b
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13.5 
Colorectal Lymphoma

Lymphoma involves the colon either as a primary 
neoplasm or as a part of a disseminated disease. 
In contrast to the small bowel, where lymphomas 
are the most frequent primary, lymphomas in the 
colon are rare. In secondary colonic lymphoma, the 
involvement of the gastrointestinal tract follows a 
previously diagnosed extraabdominal lymphoma 
(O’Connell and Thompson 1978; Megibow et al. 
1983).

The primary colonic lymphoma is usually found 
in middle-aged or elderly people. Males are twice 
as often affected as females. Common symptoms 
include abdominal pain, weight loss, and changing 
bowel habits with an average duration of about 4–
6 months. Primary colonic lymphomas occur more 
frequently in the setting of inflammatory bowel dis-
ease and immunosuppression and are found most 
commonly in the cecum or the rectum (Breneton 
et al. 1983) (Fig. 13.17a–c).

The radiological appearance can be classified as 
focal or diffuse. The most common focal type is the 
intraluminal mass (O’Connell and Thompson 1978). 
These polypoid lesions are lobulated, broad-based, and 
sessile with or without central ulcerations with only 
slight CM enhancement. They are often morphologi-
cally indistinguishable from adenomatous polyps. 

The focal appearance can also consist of an 
infiltration that results in pronounced eccentric or 
circumferential bowel wall thickening. As a con-
sequence, the intestinal lumen may be narrowed. 
However, unlike colon cancer, lymphoma can also 
show a dilated caliber in the form of an “aneurys-
mal” dilatation due to infiltration and destruction 
of the myenteric plexus (Montgomery and Chew 

1997). Ulcerations, necrosis, and fistulae between 
adjacent bowel loops may appear. Regional, mes-
enteric, and retroperitoneal lymphadenopathy may 
be present. Another focal form of lymphoma is the 
endo-eccentric mass with large ulcerations involv-
ing adjacent bowel loops where fistulae can appear 
(O’Connell and Thompson 1978).

The diffuse form presents with multiple polypoid 
lesions and is called diffuse mucosal nodularity or 
malignant lymphomatous polyposis (O’Connell 
and Thompson 1978; Callaway et al. 1997). The 
polyps appear smooth and sessile but can also be 
irregular or pedunculated. Often, the entire colon or 
a long segment is involved.

The radiologic patterns of primary colonic lym-
phoma, such as intraluminal masses, polyps, steno-
sis, and polyposis, are often quite similar to those 
of carcinomatous stenosis, adenomatous polyps, 
and familial polyposis, and can also be evaluated 
by CT colonography (Table 13.4). The possibility of 
lymphoma should be considered when cecal tumors 
involve the terminal ileum, when tumors do not 
invade the pericolonic fat or adjacent structures and 
when there are secondary findings such as spleno-
megaly or bulky abdominal lymph node enlarge-

Table 13.4. CTC features of colorectal lymphoma

Common in cecum and rectum (primary / secondary) 

Focal, asymmetric or circular wall thickening, lymphomatid 
polyposis

Lumen dilated or stenotic

Slight CM enhancement

Ulceration, necrosis, fi stula

Pericolic invasion (pericolic soft tissue stranding)

Pericolic lymphadenopathy

Fig. 13.17a–c. Colorectal lymphoma, axial, coronal, and sagittal view: Circumferential bowel wall thickening of the cecum with mod-
erate CM enhancement (arrow). Consequently, the intestinal lumen is narrowed. Focal wall defects as a sign of an early fi stula

a cb
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ment (Wyatt et al. 1994). However, in most cases, 
a reliable radiological differentiation is not possible 
and the specific diagnosis is only possible with his-
tology. In cases of stenosis or incomplete colonos-
copy, CTC could be helpful in the evaluation of the 
pre-stenotic colon. Extracolonic involvement, fistu-
lae and lymphadenopathy can easily be evaluated 
with planar images. 

13.6 
Surveillance Post-Surgery or 
Post-Intervention

With regard to post-surgical conditions in the colon, 
there is no general agreement about the use of CT 
colonography. Contrast-enhanced CT colonography 
has the potential to detect local recurrence, metachro-
nous disease, and distant metastases in patients with 
a history of invasive colorectal cancer (Fletcher et 
al. 2002; Laghi et al. 2003; Neri et al. 2005).

Currently, endoscopy or barium enemas are 
performed in many cases after colonic surgery for 
routine surveillance, to detect tumor recurrence, 
or to discover a metachronous cancer. After partial 
colonic resection, particularly, some of these con-
trol examinations could be replaced by contrast-
enhanced CT colonography. In most cases, CT colo-
nography allows visualization of the entire colon, 
which is important for demonstrating the post-sur-
gical anatomic conditions. Two-dimensional views 
offer information about the wall morphology of the 
anastomosis. This is important because the majority 
of local recurrences are extraluminal and therefore 
endoscopically occult. Only one third to one half 
of local recurrences have an intraluminal compo-
nent (Barkin et al. 1988; Wanebo et al. 1989). Most 
colonic anastomoses at CT colonography will not 

demonstrate excess of soft tissue. However, benign 
findings like polypoid granulation tissue or benign 
nodularity can be seen frequently endoscopically 
and at CT colonography.

Neoplasms or inflammatory conditions on the 
anastomosis can lead to focal or circular wall thick-
ening, increased CM enhancement, and pericolic fat 
stranding (Figs. 13.18a,b and 13.19a,b).

Polypoid filling defects and enhancing mucosal 
soft tissue at colonic anastomosis are nonspecific 
findings on CT colonography in patients with a his-
tory of colorectal cancer and can represent granula-
tion tissue, inflammation or recurrent or metachro-
nous disease.

Therefore differentiation between granulation 
tissue, inflammatory stenosis and cancer recurrence 
is the domain of endoscopy with biopsy, if possible. 
Pericolonic lymph nodes and distant metastasis can 
be evaluated with 2D planes.

Treatment of large bowel obstruction using self-
expanding metal stents is now well-established and 
widely disseminated. Stenting is used in patients 
with incurable disease for definitive palliation, or 
preoperatively for patients where curative resection 
is possible (Camunez et al. 2000).

Follow-up of the location and the lumen of a stent 
may be feasible with CT colonography. Particularly 
if endoscopy is incomplete or if stents could not be 
passed by conventional colonoscopy, CT colonog-
raphy could be an alternative for contrast enema. 
CT colonography provides additional information 
about the location and the lumen of the stent and the 
proximal colon (Fig. 13.20a–c). In case of re-obstruc-
tion because of tumor recurrence, the additional 2D 
displays demonstrate the morphology of the stent-
stenosis, which might be helpful for further treat-
ment. During the same procedure, the extracolonic 
conditions of the disease (metastases, lymph nodes) 
can be evaluated.

Fig. 13.18a,b. Right hemicolectomy: CT 
colonography reveals a second cancer 
in the transverse colon (arrow) and a 
cancer recurrence at the entero-colic 
anastomosis (arrowhead), which was 
not diagnosed by endoscopya b
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normal and pathological findings within the human 
colon at CT colonography.

Examination of CT colonography datasets gener-
ally involves two steps: (1) screening the colorectum 
for suspicious abnormalities, (2) problem-solving 
to determine if suspicious abnormalities represent 
neoplasia or benign or normal findings. Prelimi-
nary screening of the colorectum for suspicious 
lesions may be performed using either 2D axial and 
2D multiplanar reformatted images (Dachman 
et al. 1998; Macari et al. 2000), or reviewing the 
3D endoluminal surface of the colon (Pickhardt 
et al. 2003). Two-dimensional screening involves 
panning through enlarged 2D images from anus to 
cecum using lung window settings to detect intra-
luminal filling defects, usually followed by reverse 
screening of the colon with narrower window set-
tings (e.g., bone window settings), in order to detect 
focal regions of colonic wall thickening. Three-
dimensional screening typically involves viewing 
forward and reverse endoluminal fly-throughs (i.e., 
perspective, volume renderings) of the colorectum 
from anus to cecum, but can also rely upon other 
three-dimensional endoluminal renderings of the 
human colon (Fletcher et al. 2001). The aim of 
both screening techniques is to quickly identify all 
potential lesions, which can then be interrogated 
electronically using the computer workstation.

Standard problem-solving techniques are 
employed once suspicious filling defects are iden-
tified using 2D or 3D screening methods. First, the 
morphology of filling defects are examined using 
2D multiplanar and 3D endoluminal images. Most 
polyps possess a typical polypoid morphology on 
both 2D and 3D images. If a filling defect remains 
suspicious, the internal attenuation and textural 
features are subsequently displayed by changing the 
CT window settings. Stool will often contain inter-
nal locules of air, while lipomas possess internal fat 
attenuation. Neoplasms possess soft tissue attenua-
tion, in the absence of partial volume effects. Finally, 
the appearance of suspicious lesions is compared 
between supine and prone datasets (Fletcher et al. 
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14.1 
Introduction

Interpretation of CT colonography data requires a 
radiologist to interrogate interactively a high spatial 
resolution, three-dimensional dataset of the air-filled 
human colon. Optimal scanning and interpretive 
techniques can yield diagnostic results on a par with 
optical colonoscopy (Yee et al. 2001; Pickhardt 
2003; Macari et al. 2004). While colonic neoplasia 
can have a variety of appearances at CT colonog-
raphy, the spectrum of neoplastic disease within 
the colorectum, and the methods used to examine 
the CT dataset, are well-defined. The purpose of 
this chapter is to review pictorially the spectrum of 
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2000). While stool will generally change positions 
with gravity, most lesions retain a fixed geometry 
with respect to the colon between the supine and 
prone positions. Rarely, additional scanning with 
intravenous contrast or repositioning with re-infla-
tion of the colon is used (Morrin et al. 2000). By 
investigating the colon systematically using these 
problem-solving techniques, questionable filling 
defects can be confidently diagnosed as intralumi-
nal neoplasms or benign findings.

The purpose of this chapter is to elucidate the 
spectrum of findings that radiologists may encoun-
ter within the colon at CT colonography. Illustrations 
are generously employed to expand the visual under-
standing of the spectrum of normality (Fletcher et 
al. 1999; Macari and Megibow 2001; Macari et al. 
2003), with only a brief review of the appearances of 
neoplasia (Hara et al. 1997), which are highlighted 
elsewhere in the text. We first examine intrinsic 
features of the normal colon, followed by common 
benign findings encountered at CT colonography. 
Intraluminal and extracolonic processes that may 
simulate disease will be juxtaposed to the common 
appearance of colonic neoplasia found at CT colo-
nography. The spectrum of findings associated with 
neoplasia will be reviewed.

14.2 
Intrinsic Features of the Normal Colon

Unlike endoscopists, most radiologists examine the 
colon from the rectum to the cecum. The spectrum 

of normal findings within the colon are therefore 
discussed in this order.

14.2.1 
Hemorrhoids

Internal hemorrhoids can be seen as smoothly mar-
ginated and curved filling defects that project into 
the rectal vault, lying adjacent to the rectal tube 
tip (Fig. 14.1). In contradistinction, low rectal can-
cers will normally have shouldering, and arise some 
distance from the anus itself. Physical examination 
usually confirms the presence of internal hemor-
rhoids. If the remainder of the colorectum has been 
cleared of significant lesions, a limited proctoscopic 
or sigmoidoscopic examination can be performed, 
if digital examination is nondiagnostic.

14.2.2 
Diverticulosis

Diverticular disease is exceedingly common, and 
is seen as focal outpouchings of the colonic lumen 
projecting beyond the colonic wall on 2D axial and 
2D MPR images. Three-dimensional endoluminal 
images demonstrate the internal orifices projecting 
from the colonic lumen (Fig. 14.2 and Fig. 14.3). Occa-
sionally, muscular hypertrophy of diverticulosis can 
cause colonic wall thickening, but in these segments, 
we usually observe diverticula interposed throughout 
the regions of colonic wall thickening. Filling defects 
can be associated with diverticular disease. The most 

Fig. 14.1a,b. Sixty-eight-year-old male with large internal hemorrhoids at endoscopy. a) axial CT image, b) 3D endoluminal image at 
CT colonography. Note the smoothly marginated and curved fi lling defects (arrow) that project into the rectal vault, lying adjacent 
to the rectal tube tip (arrowhead)

a b
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Fig. 14.2.a Diverticulosis in a patient 
with normal CT Colonography. Note the 
focal outpouchings of the colonic lumen 
on 2D axial image. b,c 3D endoluminal 
images showing diverticular (arrows) 
orifi ces projecting from the colonic 
lumen on 3D endoluminal images

a b

c

Fig. 14.3a–c. Diverticulosis in a normal patient: a note the focal out-
pouchings of the colonic diverticula on 2D MPR images (arrows); b,c 
diverticular orifi ces projecting from the colonic lumen on 3D endolu-
minal images (arrows)

a b

c

common of these is the stool-containing diverticulum 
(Fig. 14.4). Stool can be recognized by its heterogeneous 
internal attenuation characteristics, the presence of 
intra-lesional air, and pointed edges on 3D endolumi-

nal views. The fact that a filling defect also projects 
beyond the colonic wall also indicates the presence of 
the diverticulum or intramural lesion (as opposed to 
the neoplastic mucosal lesions). Frequently divertic-
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a b

c

Fig. 14.4.a 3D endoluminal image demonstrates a polypoid fi lling defect. 
b,c 2D images with soft tissue windows show the fi lling defect to project beyond 
the colonic wall into the pericolonic fat (b) and contain barium and air (b,c), 
indicating the defect is retained stool and barium within a diverticulum

ula will have residual barium from prior radiographic 
examination. An inverted diverticulum occurs when 
the diverticular outpouching intussuscepts into the 
colonic lumen. In such cases, the perienteric fat can 
be seen within the filling defect.

14.2.3 
Folds

Colonic folds can be particularly complex, particu-
larly in the flexures and rectum. Fused folds are 
common in these locations (Fig. 14.5). Fused folds 
are simply recognized by their three-dimensional 
shape. Occasionally one may visualize focal thicken-
ing within a fold. Folds can be distinguished from 
polyps due to the obtuse margins, internal attenua-
tion (which will often contain some fat) and the non-
focality of the lesion. Thickened folds are usually 
seen in regions of suboptimal colonic distension, 
so comparison with the complementary dataset in 
a different position with improved distention will 
frequently assist in the identification of thickened 
folds (Fig. 14.6).

14.2.4 
Collapse and Contraction

Luminal collapse can be confused with malignant 
scirrhous tumors by radiologists learning CT colo-
nography (Fidler et al. 2004). Imaging patients in 
two positions has been shown by multiple observ-
ers to result in complementary distension and can 
be employed to distend collapsed bowel (Chen et 
al. 1999; Fletcher et al. 2000; Yee et al. 2003). In 
general, the patient should be rolled such that the 
collapsed bowel loop is in the most nondependent 
location (Fig. 14.7). Contraction can appear as a 
focal area of wall thickening, which can mimic an 
annular-constricting lesion. Delayed imaging in 
another position usually will allow for the colonic 
bowel segment to relax (Fig. 14.8). Alternatively 
glucagon can be given when this is suspected. In 
our experience annular constricting neoplasms, 
which do not have well-defined soft tissue shoul-
ders, can be mistaken for collapse by inexperienced 
readers (Fig. 14.9). These lesions will retain the 
marked colonic wall thickening and irregularity to 
the intraluminal margins of the mass, potentially 
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Fig. 14.5a,b. Complex colonic folds can mimic polyps on 2D images. These folds are particularly common in the colonic fl exures  
They can easily be recognized by comparing: a 2D image (arrows); b 3D endoluminal image (arrows)

a b

a b

Fig. 14.6.a Thickened folds in a suboptimally distended sigmoid colon (arrows). b Repositioning distends the sigmoid colon to 
allow easily for the recognition of colonic folds (arrows)

Fig. 14.7.a,b A collapsed sigmoid loop (white arrow) demonstrates a smooth transition to distal distention (black arrowheads). 
c Infl ation in the complimentary position (black arrow)

ba c
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Fig. 14.8.a,b Colonic contraction in the descending colon (arrow) causes focal wall thickening. c,d Delayed imaging in a com-
plimentary position shows infl ation of previously contracted descending colon (arrows)

a b

c d

Fig. 14.9a,b. Annular constricting cancers should not be confused with collapse. Colonic wall thickening and intraluminal irregu-
larity observed in these types of lesion are persistent in complimentary positions. Note the persistent non-distension that is 
present in both supine (a) and prone (b) images

a b



Pictorial Overview of Normal Anatomy, Mimics of Disease, and Neoplasia at CT Colonography 181

extending into the pericolonic tissues (if invasive), 
as other large carcinomas. 

14.2.5 
Ileo-cecal Valve

The ileo-cecal valve is the entry point for small bowel 
enteric contents as they dump into the cecum. It is 
important to understand that the ileo-cecal valve is 
located within a fold within the cecum. The valve 
should be symmetric with respect to the valve ori-
fice on 2D and 3D views. By narrowing the window 
and level settings to soft tissue settings, one can 
visualize the internal fatty attenuation of the valve 
and its associated fold, and distinguish this from 
suspicious filling defects (Figs. 14.10 and 14.11). Sev-
eral normal variants of ileo-cecal valve morphology 
have been described (Macari and Megibow 2001), 
but an assessment of the 2D and 3D morphology 
and internal attenuation is usually sufficient. Lipo-
matous ileo-cecal valves retain benign features we 

have previously described, only appearing larger 
and more bulbous, with a homogenous fatty internal 
attenuation (Fig. 14.12).

14.2.6 
Inverted Appendiceal Stump and Appendiceal 
Intussusception

An inverted appendiceal stump can appear iden-
tical to a polyp (Fig. 14.13), and is located at the 
site of prior appendectomy. Both the appendiceal 
stump and intraluminal neoplasm will enhance 
with intravenous contrast. Close correlation with 
the clinical history of incidental inversion-ligation 
appendectomy may be revealing , but in cases where 
clinical history is incomplete, endoscopic correla-
tion may be required. Appendiceal intussusception 
can also occur. Barium enema has the advantage of 
being able to attempt reduction of the intussuscep-
tion manually, so that the filling defect disappears 
during reduction. In CT colonography, this is usu-

Fig. 14.10a–c. Normal ileo-cecal valve. The valve should be symmetric with respect to the valve orifi ce on: a 2D view; c 3D view; 
b by narrowing the window and level settings to soft tissue settings, one can visualize the internal fatty attenuation of the valve 
and its associated fold (arrow)

ba c

ba c

Fig. 14.11a–c. Ileo-cecal valve with lobulated polypoid fi lling defects on: a 2D view; b 3D views (arrows) without symmetry; c soft 
tissue windows revealed internal soft tissue attenuation (arrow). Endoscopy demonstrated an adenoma of ileo-cecal valve
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Fig. 14.12a–c. Lipomatous ileo-cecal valves retain benign features, only 
appearing more bulbous. They possess homogenous fatty internal attenu-
ation and appear smoothly marginated without focal lesions on 3D endo-
luminal views

a

b

c

Fig. 14.13a–c. An inverted appendiceal stump can appear identical to a 
polyp and is located at the site of prior appendectomy (arrows). Close cor-
relation to patient history of prior inversion-ligation appendectomy and 
absence of appendix on 2D views are required under these circumstances

a

b

c
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ally not the case, and such filling defects require 
further endoscopic or fluoroscopic evaluation.

14.3 
Benign Findings

14.3.1 
Lipomas

Lipomas are the most common submucosal tumors 
of the colon and are visualized frequently. Large 
lipomas may bleed, and heterogeneity within a 
lipoma is thought to correlate with internal hem-
orrhage. Lipomas are smoothly marginated filling 
defects within the colon with internal fatty attenu-
ation (Fig. 14.14).

14.3.2 
Diverticulitis

Diverticulitis may mimic an annular constricting 
neoplasm when the majority of inflammation is 
intramural, rather than extending into the perico-

lonic tissues. We have infrequently encountered this 
occurrence. Close correlation with clinical history 
and clinical follow up and re-imaging or endoscopy 
after the episode has past is prudent. In our limited 
experience with this entity, contrast-enhancement 
may be helpful by demonstrating mural stratifica-
tion and diverticula within the lesion (Fig. 14.15).

14.4 
Intracolonic and Extracolonic Processes 
Mimicking Disease

14.4.1 
Stool

Stool is the most frequent cause of false positive 
findings at CT colonography (Fletcher et al. 2000). 
There are several imaging characteristics, which 
usually aid in the identification of stool. Stool has 
a heterogeneous internal attenuation, often with 
internal air (Fig. 14.16). Additionally, stool particles 
usually lie along the dependent colonic wall and 
change location with changes in patient position-
ing (Fig. 14.17). On 3D normal endoluminal images, 

Fig. 14.14a–c. Lipoma. Note the smoothly marginated polypoid fi lling defect 
(a,b, arrows) with internal fatty attenuation (c, arrow)

a b

c
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Fig. 14.15a,b. Diverticulitis may mimic an annular constricting neoplasm when the majority of infl ammation is intramural, 
rather than extending into the pericolonic tissues (a,b). Contrast enhancement demonstrates mural stratifi cation (a, arrow)

a b

Fig. 14.16.a Stool may mimic polyps on 3D-endoluminal images. b,c In this 
case, internal air and lack of a clear point of attachment to the wall on 2D 
images (arrows) distinguishes stool from polyp

a b

c
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stool often demonstrates sharp intraluminal projec-
tions (Fig. 14.18). Stool particles will demonstrate 
a lack of enhancement when intravenous contrast 
is given.

14.4.2 
Fluid

Fluid redistributes between prone and supine imag-
ing (Fig. 14.19). Polyethylene glycol electrolyte solu-
tion bowel preparation typically results in more 
retained colonic fluid, compared to other bowel 
preparation regimens, but leaves less particulate 
stool matter in the colon. Fluid can also be seen in 
3D endoluminal images (Fig. 14.20). When there is 
excessive fluid, intravenous contrast can be used to 
enhance submerged lesions.

14.4.3 
Extrinsic Compression

Extrinsic compression on the colon can result from 
multiple structures such as the iliac vessels, liver, 
renal masses, and stomach (Macari and Megibow 
2001). Compression by one of the iliac arteries 
is a relatively common finding, and results in a 
linear extrinsic compression on the sigmoid colon 
(Fig. 14.21).

14.4.4 
Technical Artifacts

Technical artifacts are easy to recognize. Breath-
hold and motion artifacts are usually best seen 
with sagittal or coronal oblique planes which better 
display the motion along the z-axis (Fig. 14.22). 
Metallic artifacts cause beam-hardening artifacts, 
and can obscure the colon lumen. Stairstep arti-
facts are usually not seen with thin slice thickness, 
but with thicker slice thicknesses (such as 5 mm), 
and are seen on 3D endoluminal images and 2D 
MPR images, most commonly within the rectum 
and cecum, where there are great changes in the 
luminal diameter along the z-axis.

14.5 
Colonic Neoplasia at CT Colonography

14.5.1 
Polyps

Polyps maybe sessile, pedunculated, or flat (i.e., 
with the base measuring more than twice that of 
the height). Sessile polyps will possess polypoid 
morphology on axial, 2D multiplanar reformatted, 
and 3D endoluminal views (Fig. 14.23). When ses-
sile polyps are of sufficient size (generally consid-

a b

Fig. 14.17a,b. Stool particles generally change location with changes in patient positioning. Stool is usually located along the 
dependent wall (arrows)



186 J. G. Fletcher and F. Booya

Fig. 14.18a–c. A suspicious fi lling defect on 2D images (a, arrow) demon-
strates sharp intraluminal projections on 3D endoluminal images (b) and 
is not of soft tissue attenuation (c). These features indicate the lesion rep-
resents stool

a b

c

Fig. 14.19a,b. Cecal fl uid redistributes between supine (a) and prone (b) imaging (arrows). When there is excessive fl uid, intra-
venous contrast can be used to enhance submerged lesions. Note the dependent position of the fl uid

a b
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Fig. 14.20a–d. Fluid can be seen on 3D endoluminal images (a, arrow) and on virtual pathology (b, arrow) as fi lling defects, 
Axial 2D image demonstrates an air-fl uid level (c, arrow) and soft tissue setting shows that the fi lling defects not have soft 
tissue attenuation (d, arrow)

a b

c d

ered to be three times the slice thickness), they will 
also possess internal soft tissue attenuation. Sessile 
polyps are generally seen on both supine and prone 
views, but about 10–15% of medium-sized polyps 
will be seen only in one view, due to suboptimal 
distention, stool or fluid in the same colonic seg-
ment in the complementary position. Lesions that 
appear as sessile polyps in one position should not 
be disregarded unless the same segment is optimally 
seen in the corresponding position.

Pedunculated polyps possess a stalk and a 
head. They are best seen on 2D axial and images 
(Fig. 14.24). Using 3D endoluminal renderings, 
the stalk of a pedunculated polyp is often insepa-
rable from the colonic wall. Polyps with long stalks 
maybe missed at CT colonography, as the larger 
filling defect representing the head of the polyp 
may appear to move between colonic segments 
(Fenlon et al. 1999). Careful interrogation of sus-
picious filling defects for a stalk connecting them 
to the colonic wall is imperative in diagnosing 

pedunculated polyps. In our experience, pedun-
culated polyps can be found with a high degree of 
accuracy.

Flat lesions can be difficult to visualize both endo-
scopically and radiographically. On CT, flat lesions 
appear as focal regions of colonic wall thickening 
with soft tissue attenuation. Flat lesions are often 
cigar-shaped, and are best seen on 2D axial and MPR 
images with narrow window settings (such as bone 
window settings) (Fidler et al. 2002). Perturbation 
in the colonic wall can be visualized when survey-
ing the colon with 2D images using lung windows, 
and when these perturbations are discovered, inter-
rogation of soft tissue window settings is imperative 
(Fig. 14.25). Similar perturbations can often be seen 
on 3D endoluminal views, but can be occult. Like 
other polyps, flat lesions are usually seen in both the 
supine and prone views, unless the segment in which 
the lesion is located is suboptimally visualized in 
one of the views. Intravenous contrast can be useful 
in characterizing flat lesions. Flat lesions should not 
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a b

c d

Fig. 14.21a–d. Compression by one of the iliac arteries in this case has resulted in a linear extrinsic compression on the sigmoid 
colon that is well demonstrated on 3 D endoluminal view (a, arrows) and virtual pathology (b, arrow). 2D axial images dem-
onstrates the extrinsic nature of these lesions (c,d, arrows)

Fig. 14.22a–c. Motion artifacts cause image blur on axial images (a), but are best appreciated using 2D oblique coronal or sagittal 
images, which show luminal incongruity along Z-axis of the colon, (b,c, arrows)

b

a

c
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Fig. 14.23a–c. Sessile polyp: a supine 2D axial image and; b 3-D endoluminal view demonstrate a polypoid fi lling defect in the 
ascending colon; c after changing to soft tissue window setting , the homogenous soft tissue attenuation of the lesion is dem-
onstrated. Colonoscopy demonstrated a 1.5 tubulovillous adenoma

ba c

Fig. 14.24a–e. Pedunculated polyp: a supine 2D axial image 
and; b prone 2D axial image show a polyp in the descending 
colon associated with a stalk (arrowhead); c soft tissue window 
setting shows the head of the polyp to be of soft tissue attenu-
ation. Note that the lesion changes position to the dependent 
position due to its long stalk; d,e endoluminal appearances of 
the pedunculated polyp

a b

c d

e
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be confused with luminal collapse. The colonic wall 
does thicken as it collapses. The thickened colonic 
wall can be distinguished from the true flat lesion 
in that it is not well defined, should be distended in 
the corresponding position, and smoothly taper to 
a normal thickness in adjacent areas of appropriate 
distention (Fig. 14.7). The term “flat lesion” can rep-
resent a variety of pathologies, from flat adenomas 
to hyperplastic lesions to tubulovillous adenomas 
and flat carcinomas. In general, flat lesions tend to 
be more advanced lesions. 

14.5.2 
Carcinomas

Carcinomas can assume a variety of shapes. 
Smaller cancers may be identical to large polyps 
and flat lesions, while semi-annular and annular, 
and scirrhous cancers have a unique CT appear-
ance. Semi-annular and annular cancers are seen 
as a focal, segmental regions of luminal narrowing, 
accompanied by focal wall thickening, usually with 
proximal and distal shouldering (Fig. 14.26). The 
intraluminal margins of the mass are irregular. 
Extension of soft tissue into the pericolonic fat sig-
nals invasion, as does regional lymphadenopathy 
or hepatic metastases. Annular cancers are best 
seen at 2D and 3D MPR images using soft tissue 
window settings.

Scirrhous cancers can constrict the lumen and 
are the most common type of cancer in our expe-
rience that are missed by radiologists learning 

colonography (Fidler et al. 2004). Scirrhous can-
cers are annular lesions that constrict the colonic 
lumen, and may be confused with luminal collapse, 
usually because adjacent collapse may obscure the 
shouldering of the carcinoma (Fig. 14.27). Focal wall 
thickening of soft tissue attenuation and irregular 
intraluminal margins clearly separate these lesions 
from collapse, however. Segmental regions of lumi-
nal narrowing seen in one position or seen in both 
positions should be considered as potential scir-
rhous cancers, until repositioning and reinflation 
can disprove their presence.

14.6 
Conclusion

CT colonography interpretation requires radiolo-
gists to create interactively two- and three-dimen-
sional images of the colonic lumen, use a variety of 
window and level settings, and compare supine and 
prone three-dimensional datasets. Colonic datasets 
are interrogated systematically to screen for poten-
tial colorectal lesions, employing well-established 
problem-solving techniques at the computer work-
station to distinguish true neoplasms from benign 
and normal structures. A visual understanding of 
the normal appearance of colorectal structures, 
benign lesions, disease mimics and colorectal neo-
plasia is necessary in utilizing the capabilities of 
modern CT colonography computer workstations to 
accurately diagnose disease.

Fig. 14.25a–c. Flat cancer prone view: a 2D axial image and: b multiplanar reformatted image show a focal region of soft tissue 
thickening along the lateral aspect of the ascending colon lying along a haustral fold. Soft tissue window settings show the soft 
tissue attenuation of the lesion (arrows); c on 3-D views the lesion appears as a focal thickening along a haustral fold (arrow)

b

a

c



Pictorial Overview of Normal Anatomy, Mimics of Disease, and Neoplasia at CT Colonography 191

Fig. 14.26a–c. Annular cancer: a,b 2D axial images demonstrate focal circumferential wall thickening of soft tissue attenuation 
with proximal and distal shouldering (arrows); c note the shouldering of the distal edge of the lesion is visible on 3-D endo-
luminal view (arrow)

b

a

c

Fig. 14.27a–c. Scirrhous cancer demonstrates luminal con-
striction, irregularity and wall thickening in the mid-rectum: 
a,b 2D MPR images; c the luminal constriction best high-
lighted on the virtual barium enema rendering

a

c

b
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