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   Preface 

   Computed tomographic colonography, or CTC as we will call it throughout 
this volume, has come a long way since its conceptual phases in the early 
1990s. This colorectal cancer screening modality gained widespread atten-
tion in the United States with the 2003 publication of a large, multicenter 
screening study performed at Navy and Army medical centers that showed 
excellent comparative results with colonoscopy in average-risk individuals. 
My interest and involvement in this technology and its potential was some-
what serendipitous as I returned to one of those study sites, the National 
Naval Medical Center in Bethesda, MD, as a staff gastroenterologist shortly 
before the publication of the aforementioned study by Perry Pickhardt and 
colleagues. This also coincided with the departure of Dr. Pickhardt from his 
position as an active duty Navy radiologist to what would become a highly 
successful academic career at the University of Wisconsin. Shortly thereafter, 
our medical center, and the gastroenterology service in particular, were 
charged with creating an advanced colorectal cancer screening center. On the 
heels of the successes of CTC, we decided to partner with our radiology 
colleagues and build the foundation using a combined approach, employing 
both CTC and colonoscopy individually and reciprocally. The entity that we 
created, the Colon Health Initiative, was highly successful and continues to 
this day, serving as an integrated model of excellence and highlighting the 
potential of CTC as a screening modality. 

 During the conceptualization of this book and its contents, I tried to take 
that integrated and collaborative approach with the authors who contributed 
as well as the subject matter that they discuss. The idea was to provide a 
source that would appeal to clinicians and radiology personnel, alike. The 
 fi rst chapter    of this book provides an overview of the disease and risk factors 
of colorectal cancer as well as an update of where we have been and where 
we may be going with regard to colorectal cancer screening tests. This back-
ground serves as a critical contextual building block for subsequent discus-
sions of CTC as a screening modality. The middle chapters segue into a 
discussion speci fi c to the history and development of CTC as both a colorectal 
imaging and screening modality. Important topics covered in these chapters 
are practical and realistic discussions of coverage and regulatory decisions 
surrounding CTC and its widespread deployment as well as very practical 
guidance regarding the performance, interpretation, and integration of CTC 
into clinical practice. The book concludes with a review of the controversies, 
potential pitfalls, and exciting new directions and capabilities inherent in the 
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practice of CTC. These chapters are intentionally  fi lled with high-quality 
images to better communicate the concepts of this visual modality. 

 I must also take this opportunity to once again express my utmost gratitude 
to the experts who contributed to this volume. Without their stalwart support 
and dedication, what I believe will be a very useful reference and guide would 
not have come to fruition. This was a complementary effort, bringing together 
world-renowned gastroenterologists and radiologists for a collaboration to 
make a whole, echoing the practice of CTC in real life. I am grateful for the 
opportunity to have been involved in this effort and trust that readers will  fi nd 
this to be a valuable contribution to their library.   

    Bethesda ,  MD ,  USA            Brooks   D.   Cash, M.D.    
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 Colorectal cancer (CRC) (adenocarcinoma of the 
large bowel) arises from a neoplastic process 
involving the epithelial layer of the intestine. 
In most CRC, the process begins as a benign 
polyp or adenoma. The adenoma undergoes a 
transformation to cancer through a series of 
molecular changes. Early in the process, the 
cancer can be treated easily with removal of the 
adenoma or early stage cancer. Thus, as expected 
from the nature of this disease, prevention and 
screening have likely reduced the incidence and 
mortality rates of this disease. The goal of this 
chapter is to provide an overview of CRC as well 
as an understanding of the rational for screening 
for this cancer. 

   Epidemiology 

 In the USA, CRC is the third leading cancer-
related death for both males and females  [  1  ] . The 
rate for mortality from CRC has been steadily 

decreasing for the past few decades. However, in 
the past several years, the mortality rate has 
decreased at a signi fi cantly faster pace, presum-
ably through increased CRC screening  [  2,   3  ] . 
Speci fi cally, whereas the rate was decreasing at 
2% per year prior to 2003, the rate decreased by 
3% per year in the period from 2003 to 2007  [  3  ] . 
A recent review of the Surveillance, Epidemiology, 
and End Result (SEER) mortality database dem-
onstrated that the rates for CRC mortality had 
decreased to a much greater extent in the 
Northeastern than in the Southern USA  [  3  ] . The 
authors postulated that the difference in mortality 
rates between the two geographical regions 
re fl ects differences in CRC screening rates, treat-
ment, and risk factors such as smoking and obe-
sity. In addition, the authors attributed the lower 
screening rates in the southern states to an 
increased population of poor and uninsured in 
this region. Furthermore, southern states also 
have a higher percentage of blacks who have 
higher rates of CRC mortality than whites  [  1  ] . 
The changes and variation in these mortality rates 
illustrate the complex factors that can impact the 
incidence of CRC. 

 In Europe, CRC is the second commonest 
cause of cancer-related deaths for males and 
females  [  4,   5  ] . As in the USA, there has been 
an increase in CRC survival in the past decade 
 [  6,   7  ] . In addition, as observed in the USA, 
there is a variation in survival trends in Europe 
 [  8  ] . Although Europe has experienced an 
increase in survival rates for CRC, the improve-
ment has been less pronounced in Eastern 
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European countries such as Slovakia  [  8,   9  ] . 
Worldwide, CRC incidence rates make this 
disease the third most common cancer in 
females and the fourth most common cancer in 
men  [  10,   11  ] . In some countries such as Israel 
and Japan, the rates have increased  [  10,   12  ] .  

   Anatomy and Embryologic 
Development of the Colon 

 There are several layers that comprise the wall of 
the colon. The innermost layer is the mucosa. 
This layer consists of the epithelial layer, the 
lamina propria or connective tissue, and a thin 
muscle layer called the muscularis mucosae. The 
next layer is the submucosa, comprised of con-
nective tissue, nerves, lymphatics, and blood ves-
sels. The muscle layer, or muscularis propria, is 
the next layer and is comprised of two bands, a 
circular and longitudinal. The outermost layer, 
the serosa, is present from the sigmoid to the 
cecum and not below the peritoneal re fl ection. 
Knowledge of the layers is important with regard 
to staging, prognosis, and treatment that will be 
reviewed later in the chapter. 

 The colon is comprised of two segments, the 
proximal and distal large bowel. The proximal 
colon consists of the cecum, the ascending colon, 
hepatic  fl exure, and the transverse colon. The 
distal colon consists of the descending, sigmoid 
colon, and the rectum. The proximal colon has its 
embryonic origin in the midgut, while the distal 
colon originates from the hindgut. The blood 
supply for the proximal colon derives from the 
superior mesenteric artery, while the inferior 
mesenteric artery supplies most of the distal 
colon  [  13,   14  ] . In addition, there are differences 
in the capillary network surrounding the colon. 
While the proximal colon is multilayered, the 
distal colon is single layered  [  14  ] . Furthermore, 
the crypt length in the distal colon is longer than 
that of the proximal colon  [  13  ] . In addition, there 
are differences between the enteric  fl ora as well 
as the metabolism of fatty acids in different 
anatomic regions of the large intestine  [  15  ] . 

 The anatomical and physiological differences 
between the segments of the colon may play a 

role in the clinical and molecular differences 
between proximal and distal colorectal neoplasia 
 [  13,   16,   17  ] . While proximal tumors are more 
likely mucinous and exhibit both microsatellite 
instability and methylation defects, distal tumors 
are more likely to have tumors associated with 
the chromosomal instability pathway, which 
lacks these features  [  18,   19  ] . In addition, proxi-
mal neoplasia is associated with female gender 
and older age  [  20–  22  ] . Conversely, smoking and 
alcohol use are associated with distal neoplasia 
 [  23–  25  ] . Morphologically, proximal tumors and 
polyps are more likely to be  fl at compared to their 
distal counterparts  [  26,   27  ] . Finally, interval neo-
plasia or lesions diagnosed between regularly 
scheduled colonoscopies are more likely to be 
found in the proximal colon. Issues regarding the 
molecular, clinical, and morphological presenta-
tion of colorectal neoplasia will be further dis-
cussed elsewhere in this chapter  [  28  ] .  

   Adenoma to Carcinoma Sequence 

 In most cases of CRC, the disease begins as a 
benign polyp or adenoma that develops into a 
tumor. This process is accompanied by a sequence 
of molecular abnormalities that help to facilitate 
growth and transformation of the adenoma into a 
more advanced neoplastic lesion. The  fi rst model 
describing this process was published by Fearon 
and Vogelstein in 1990  [  29  ] . Their model required 
seven mutations to occur for a cancer to develop 
from normal mucosa. This includes initial inacti-
vation of the tumor suppressor gene adenomatous 
polyposis coli (APC) followed by activation of 
the oncogene KRAS as well as mutations in TP53 
and other pathways. This describes the classic 
“chromosomal instability (CIN) pathway”  [  30  ] , 
but there are two other well-described pathways. 
Additional detail regarding these three pathways 
will be discussed in a separate section. It has been 
estimated that 8–15 years are required for normal 
mucosa to transform into a cancer  [  31  ] . This 
length of time, also known as “polyp dwell time,” 
has been estimated using different methods  [  32  ] . 
The  fi rst method compared the mean age of 
patients with small adenomas to that of patients 
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diagnosed with CRC and observed a difference 
of 18 years  [  33  ] . Koretz used the relationship of 
prevalence = incidence × duration to conclude that 
the transformation time from adenoma to carci-
noma must be at least 4.8 years, the so-called 
latent phase  [  34  ] . However, since some cancers 
are detected in asymptomatic patients and some 
cancers develop de novo from the mucosa, ade-
noma dwell time is likely longer. The strategy of 
CRC prevention through adenoma detection and 
removal is based on this lag time and is the basis 
for current screening strategies  [  35  ] .  

   Molecular Pathways 
of CRC Development 

 The development of CRC from normal tissue is a 
result of an accumulation of multiple genetic 
mutations. These genetic abnormalities decrease 
cell death and increase the likelihood of clonal 
expansion. Although there may be many genetic 
mutations in a single adenoma, only a small pro-
portion will be responsible for neoplastic transfor-
mation. In this section, the three major pathways 
responsible for CRC will be discussed. 

   Chromosomal Instability 

 This pathway was  fi rst described approximately 
20 years ago by Fearon and Vogelstein and is man-
ifested through the traditional adenoma to carci-
noma sequence  [  29,   36  ] . The CIN, or suppressor, 
pathway is characterized by aneuploidy or an abnor-
mal number of chromosomes  [  37,   38  ] . The  fi rst 
mutation occurs in the APC gene which is respon-
sible for the APC protein  [  30  ] . This protein plays 
a signi fi cant role in cell development and the Wnt 
signaling pathway by binding to beta-catenin. 
APC mutations are found in over two-thirds of 
CRC and most commonly in distally located 
lesions. In the familial cancer syndrome, familial 
adenomatous polyposis (FAP), the affected indi-
vidual has a germline mutation in one copy of the 
APC gene. Any somatic mutation that inactivates 
the remaining gene will facilitate the development 
of adenomas. Mutations of an oncogene, usually 

KRAS, are another development that promotes 
growth of an adenoma. Another important step in 
the CIN pathway is the inactivation of the TP53 
gene, which is responsible for the p53 pathway. 
The inactivation of this gene occurs as a result of 
a mutation and a deletion. The loss of this key 
tumor suppressor aids in the transformation of an 
adenoma into invasive carcinoma. Other genes 
involved in this pathway are SMAD2 and SMAD4, 
which are part of the TGF-beta signaling pathway 
involved in cell growth, migration, and apoptosis 
 [  37  ] . There is also mutation of the DCC gene that 
produces a membrane receptor aiding in promot-
ing apoptosis.  

   Microsatellite Instability 

 DNA replication errors in the form of mismatched 
nucleotide base pairs occur frequently in microsat-
ellite regions of DNA and can result in transcrip-
tion errors and altered gene expression  [  39  ] . These 
errors are collectively known as microsatellite 
instability (MSI). DNA mismatch repair (MMR) 
enzymes are responsible for the repair of these 
erroneous segments. There are seven proteins that 
are involved in the enzymatic repair process: 
hMLH1, hMLH3, hMSH2, hMSH3, hMSH6, 
hPMS1, and hPMS2. Two proteins, hMLH1 and 
hMSH2, are essential parts of the functioning 
MMR enzyme  [  40  ] . There are several key genes 
involved in CRC development that contain 
microsatellite regions particularly susceptible to 
mismatch errors. These include the following: 
TGF b 2,  b -catenin, IGF-2, APC, MSH3, MSH6, 
Bax, Caspase 5, and E2F4. Adenomas can develop 
as a result of these mutations. 

 There are  fi ve standard microsatellite patterns 
that are used to detect MSI in a tumor: BAT25, 
BAT26, D5S346, D2S123, and D17S250. If none 
of these are present, then the tissue is considered 
to be microsatellite stable (MSS). If one of these 
patterns is present, then the tissue is MSI-L (low), 
and if two or more are present, then the tissue is 
MSI-H  [  41  ] . About one in  fi ve CRC is MSI-H, 
but only a fraction of these are in the setting of 
hereditary nonpolyposis colorectal cancer    
(HNPCC) syndrome, a familial cancer syndrome 
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that is characterized by colonic adenomas and CRC 
with high levels of MSI. The majority of MSI-H 
tumors likely arise from somatic methylation of 
hMLH1  [  42  ] . Tumors that result from methylation 
tend to be proximal and less aggressive  [  39  ] .  

   CpG Island Methylator Pathway 

 Methylation of the gene promoter region is asso-
ciated with epigenetic silencing of gene expres-
sion. If there is methylation of CPG promoter 
regions in genes responsible for hMLH1 and p16, 
there is an increased risk of CRC  [  43,   44  ] . Tumors 
can be categorized as CIMP+ or CIMP− based on 
the presence of de fi ned markers: CACNA1G, 
IGF2, NEUROG1, RUNX3, and SOCS1. CIMP+ 
tumors present as proximal lesions and occur in 
older women. CIMP+ tumors that are not MSI-H 
have a worse prognosis than MSI-H tumors or 
tumors arising in the setting of the CIN pathway 
 [  39,   45  ] . Since CIMP+/MSI-H tumors are associ-
ated with epigenetic silencing of hMLH1, an 
overlap between the CpG island methylator path-
way (CIMP) and the MSI pathway exists in a 
large proportion of CRC. In some CIMP+ tumors 
that are not MSI-H, there is a mutation of the 
oncogene BRAF  [  46  ] . These tumors tend to have 
a poor prognosis  [  46  ] . In other CIMP+/non-MSI-
H tumors, KRAS mutations are present rather 
than BRAF mutations  [  47,   48  ] .   

   Symptoms and Diagnosis 

 Presenting complaints for CRC can include rectal 
bleeding, change in bowel habits such as diarrhea 
or constipation, abdominal pain, weight loss, and 
fatigue due to anemia. Many patients with CRC 
do not have any symptoms. Tenesmus, painful or 
incomplete defecation, has been associated with 
rectal cancer. In their review of nearly 200 
patients diagnosed with CRC, Majumdar et al. 
observed that rectal bleeding, abdominal pain, 
and a change in bowel habits were the most com-
mon presenting symptoms  [  49  ] . Rectal bleeding 
and constipation were the strongest independent 
predictors of distal CRC. Since a delay in diagnosis 

in symptomatic patients is a concern in clinical 
practice, these investigators also examined the 
duration of symptoms and the stage of cancer at 
diagnosis. They found no signi fi cant association 
between the duration of symptoms and the stage 
of the disease. In these studies the overall mean 
duration of symptoms (or delay to diagnosis) was 
14 weeks. The mean patient delay was 26 weeks 
and 11 weeks for the physician delay. 

 In a study of 349 patients with CRC, Stapley 
et al. observed that rectal bleeding was associated 
with a lower cancer stage and higher survival 
rates. Anemia was associated with more advanced 
stages and lower mortality  [  50  ] . Duration of 
symptoms was not associated with the stage of 
cancer. A study of over 4,000 CRC patients in 
Norway demonstrated that the duration of symp-
toms was associated with a less advanced disease 
stage  [  51  ] . The authors explain this paradox by 
postulating that aggressive tumors may be associ-
ated with more worrisome type symptoms than 
less aggressive cancers. Recently, Adelstein et al. 
performed a systematic review of 62 articles 
examining symptoms and the diagnosis of CRC 
 [  52  ] . They observed that rectal bleeding and 
weight loss were signi fi cantly associated with 
CRC. Other symptoms such as change in bowel 
habit, constipation, diarrhea, and abdominal pain 
were not associated with CRC. In summary, it 
appears that a prudent practitioner would refer 
for evaluation any patient who presented with 
new complaints such as rectal bleeding, abdomi-
nal pain, or fatigue due to anemia.  

   Risk Factors 

 There are many known risk factors associated 
with colorectal neoplasia although age and fam-
ily history of CRC are the only ones typically 
considered when screening for the disease. The 
recent American College of Gastroenterology 
CRC screening guidelines introduced the concept 
of using other factors in selecting patients for 
screening  [  53  ] . Considering other risk factors can 
allow for both tailoring screening recommenda-
tions and/or efforts at modifying them to reduce 
the risk for CRC. In this section, the risk factors 
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are divided into modi fi able and non-modi fi able 
risk factors. In addition, there will be a discussion 
of the risk factors associated with advanced neo-
plasia as well as CRC. 

   Non-modi fi able Risk Factors 

   Age 
 Age is one of the strongest predictors of colorec-
tal neoplasia in many studies. The high risk 
observed when examining the association 
between age and neoplasia likely results at least 
partially from the number of years of exposure to 
other factors such as smoking. However, in many 
studies, the risk remains high even after control-
ling for many known exposures. The importance 
of age as a risk factor for CRC is highlighted by 
the fact that it is used to determine when to start 
screening. For patients of average risk, the rec-
ommended age to start screening is 50 years.  

   Gender 
 Most studies of asymptomatic populations have 
demonstrated an increased risk of developing 
adenomas and more advanced neoplasia 
(advanced adenomas) in men  [  54–  56  ] . A recent 
meta-analysis by Nguyen et al. found that men 
were more likely than women to have advanced 
adenomas (RR = 1.83; 95% CI 1.69–1.97   )  [  57  ] . 
While male gender is a signi fi cant risk factor for 
advanced adenomas, the lifetime risk for CRC 
remains similar for men (5.3%) and women 
(5.0%) in the USA  [  1  ] . The CRC risk for women 
lags by approximately 5 years that of men such 
that the risk for a women at 55 is similar to that of 
a man at 50 years of age  [  58  ] . Thus, women have 
a similar lifetime risk to men with regard to CRC 
but a substantially lower risk for advanced 
neoplasia. 

 This paradox was recently highlighted in 
review by Bianchi and Roy  [  59  ] . They noted that 
there was a higher rate of interval cancers in 
women  [  28  ] . Interval cancers are lesions that are 
diagnosed between regularly scheduled colonos-
copies, typically every 5 or 10 years. The authors 
postulated that colonoscopy may be less effective 
in women than men. They also hypothesized that 

women may have a different clinical presentation 
of CRC due in part to the higher proportion of 
proximal neoplasia in women, the chemoprotec-
tive effect of estrogen, and an increased sensitiv-
ity to risk factors such as smoking. One possible 
explanation that was proposed suggests that 
women may have a higher rate of adenomas that 
progress to advanced lesions. The Women’s 
Health Initiative demonstrated a higher rate of 
metastatic lymph node involvement, but a lower 
rate of CRC in women who had been treated with 
estrogen/progesterone  [  60  ] . Another explanation 
was that women may harbor more  fl at colorectal 
neoplasia. Recently Johnson et al. observed that 
adenomas greater than 5 mm in size were more 
likely to present as  fl at and proximal in women 
than men  [  61  ] . Despite these observations, there 
are no differences between screening recommen-
dations for men and women in the current 
guidelines.  

   Race 
 African Americans have a higher rate of CRC 
incidence and mortality than any other racial or 
ethnic groups. Disparities in mortality rates from 
CRC due to racial differences increased from 
1960 through 2005, even as the overall CRC 
mortality rate declined in the same period  [  62  ] . 
Recent data from the SEER database show age- 
and gender-adjusted CRC incidence and mortality 
rates to be higher for African American than 
whites  [  63  ] . In addition, African Americans may 
be diagnosed at a younger age than whites  [  64  ] . 
Reasons for the higher rates in African Americans 
include lower CRC screening rates  [  65–  67  ]  and 
higher exposure rates to risk factors such as ciga-
rette smoking or type II diabetes mellitus  [  67–
  70  ] . A recent analysis of the Clinical Outcomes 
Research Initiative (CORI) database demon-
strated an increased prevalence of polyps larger 
than 9 mm in African Americans compared with 
that of whites  [  71  ] . This relationship was stron-
ger for women than men. In addition, for patients 
older than 60 years of age, black patients were 
more likely to have proximal polyps that were 
larger than 9 mm. The authors concluded that 
there might be a need to alter the guidelines to 
screen black patients prior to the age of 50 years. 



6 J.C. Anderson and D.J. Robertson

They did note that this could add to the complexity 
that exists in the current multi-society guidelines. 
The American College of Gastroenterology, how-
ever, recommends that African Americans begin 
screening at the age of 45 years of age  [  53,   72  ] .   

   Modi fi able Risk Factors 

   Smoking 
 Tobacco exposure in the form of cigarette smok-
ing has been identi fi ed as a major risk factor col-
orectal neoplasia  [  24,   27,   73–  77  ] . Smokers may 
be at an increased risk for MMR defects, and this 
may play a role in the development of neoplasia in 
this group  [  78,   79  ] . In addition, tobacco exposure 
may increase the risk for BRAF mutations. An 
increased association between the point mutation 
of the oncogene BRAF (V600E) has been seen in 
people who smoke  [  80  ] . BRAF has been shown to 
be tightly correlated with the CIMP CRC pheno-
type  [  81,   82  ] . Increased methylation defects are 
the hallmark of a recently described pathway that 
is also seen in serrated lesions. Accordingly, 
Anderson et al. observed an increased risk of 
smoking for sessile serrated adenomas as well as 
serrated aberrant crypt foci  [  83  ] . 

 Smoking may account for 20% of all cancers 
in the USA  [  84  ] . Smoking is associated with as 
much as 30% increased risk for CRC for men and 
women  [  85–  90  ] . In addition, smoking may 
account for 12% of all CRC-related deaths  [  91, 
  92  ] . Smoking has been observed to be associated 
with an earlier age of CRC diagnosis than in non-
smokers, and smokers present with a more 
advanced stage of disease than nonsmokers  [  93  ] . 
A recent study demonstrated an increased mor-
tality in smokers after the diagnosis of CRC  [  94  ] . 
This  fi nding was most pronounced in patients 
who had tumors with high MSI. 

 With regard to advanced adenomas, smoking 
has been consistently associated with an approxi-
mately twofold increased risk compared with 
nonsmokers  [  95  ] . Based on colonoscopy  fi ndings 
in nearly 2,500 asymptomatic patients, Anderson 
et al. concluded that 30 pack years of exposure or 
more was associated with an increased risk for 
advanced neoplasia  [  73  ] . In a separate gender 

analysis, they observed that women had an 
increased risk for advanced neoplasia if they 
smoked 10–30 pack years  [  74  ] . Men required 
more than 30 pack years to have an increased 
risk. In addition, while both genders had an 
increased risk for distal advanced adenomas in 
smokers, only female smokers had an increased 
risk for proximal advanced lesions. In this popu-
lation, there was a distinct difference between 
men and women with regard to tobacco exposure. 
The authors postulated that the anatomical differ-
ences could be due to increased methylation and 
MMR defects seen in women  [  78,   96–  98  ] .  

   Obesity 
 Obesity is de fi ned as a body mass index (BMI)  ³  30. 
An increased waist circumference or waist to hip 
ratio has been proposed as a more accurate mea-
sure of visceral adiposity, which is felt to be 
important in carcinogenesis. Insulin resistance 
may play an important role in the development of 
colorectal neoplasia in obese patients. Elevated 
insulin levels along with hyperglycemia and 
increased free insulin-like growth factor (IGF-1) 
can increase the risk for colorectal neoplasia  [  99–
  102  ] . Insulin resistance can lead to increased cel-
lular proliferation and reduced apoptosis 
 [  103–  105  ] . The increased risk of CRC associated 
with type II diabetes mellitus has been observed 
in large case control studies  [  106,   107  ] . 

 Several studies have demonstrated that obesity 
is associated with an increased risk for CRC, and 
the risk appears to be stronger in men than in 
women  [  108–  112  ] . In the Health Professionals 
Follow-Up Study (HPFS), men with the highest 
BMI had a twofold increased risk compared with 
the thinnest men  [  113  ] . In a comparable study, par-
ticipants in the Nurses’ Health Study (NHS) who 
were obese were one and a half times as likely to 
have CRC as the thinnest women  [  114  ] . Other lon-
gitudinal population studies have observed that an 
increased risk for CRC is correlated with an 
increased waist circumference  [  115  ] . 

 Obesity is important since it is a modi fi able 
risk factor, and there is data to suggest that weight 
loss can decrease the risk for colorectal neoplasia 
 [  116  ] . There is an increasing prevalence of obe-
sity in the USA, and it has been shown that obese 
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patients may be less likely to be screened for 
CRC than nonobese patients  [  117  ] . In its 2008 
CRC screening guidelines, the American College 
of Gastroenterology introduced obesity as a 
potential risk factor that identi fi es patients who 
may need screening earlier than age 50  [  53  ] . 
However, their enthusiasm for this recommenda-
tion was tempered by the recognition of the atten-
dant comorbidities associated with obesity that 
may limit the bene fi ts of screening.  

   Alcohol 
 There are several large studies that demonstrate 
an increased risk for colorectal neoplasia 
associated with alcohol intake  [  118–  120  ] . 
Mechanistically, the increased risk associated 
with alcohol has been attributed to abnormal DNA 
methylation and repair, induction of cytochrome 
p450 enzymes, and altered bile acid composition 
 [  121,   122  ] . The NHS observed a direct increased 
risk related to alcohol intake of colorectal neopla-
sia in the colon but not the rectum of women 
 [  118  ] . The HPFS demonstrated an increased risk 
in men for an intake of 15 grams or more of alco-
hol per day  [  123  ] . One study that combined eight 
large prospective longitudinal populations 
observed an increased risk for patients who drank 
 ³ 2 alcoholic beverages per day  [  120  ] . Most stud-
ies have observed an increased risk for all types of 
alcoholic beverages. However, one study examin-
ing CRC  [  124  ]  and another examining adenomas 
 [  23  ]  found a decreased risk associated with wine 
intake. Overall, it appears that avoiding alcohol 
would decrease the likelihood of developing col-
orectal neoplasia.  

   Diet 
 Much of the emphasis in the literature regarding 
diet has focused on the CRC risk associated with 
red meat consumption and the potential reduction 
of risk with  fi ber intake. With regard to red meat 
consumption, the increased risk of CRC may 
result through several mechanisms. These 
included the production of heterocyclic amines, 
increased animal fat intake, increased heme 
absorption, and stimulation of insulin  [  125–  127  ] . 
In the HPFS study, there was an increased risk of 
CRC in men who consumed more than  fi ve 

servings of red meat per week  [  118  ] . A recent 
meta-analysis by Alexander et al. observed a 
modest increased risk for colon cancer and a 
trend toward an association with the consump-
tion for red meat  [  128  ] . The authors concluded 
that the association was not strong enough to dis-
count potential confounders that may explain any 
positive correlation. 

 There are currently con fl icting data with 
respect to  fi ber intake a risk of CRC. A possible 
protective effect of  fi ber intake in the form of 
fruits and vegetables on the risk for CRC has 
been examined in many large prospective studies 
 [  129,   130  ] . Some of the proposed mechanisms 
include increased folate consumption, binding of 
carcinogens, lower colonic pH, decreased colonic 
transit time, bene fi cial effects of micronutrients 
found in fruits and vegetables, and an increased 
production of short-chain fatty acids  [  131,   132  ] . 
A meta-analysis of 16 case control studies found 
a 50% reduction in CRC risks associated with 
 fi ber consumption  [  133  ] . Randomized controlled 
studies of  fi ber in the form of cereal or fruits and 
vegetables found no effect on the recurrence of 
colorectal adenomas  [  134,   135  ] . In the USA, 
studies that have examined both male and female 
health professionals have observed no effect of 
 fi ber on CRC risk  [  136,   137  ] . One large study did 
show an increased risk of CRC, but higher 
amounts of  fi ber intake did not offer any protec-
tive effect  [  138  ] .  

   Family History of Colorectal Cancer 
 In current guidelines  [  53,   139  ] , a family history 
of CRC has been used to inform the decision 
regarding when to start CRC screening. Having a 
 fi rst-degree relative (FDR) with CRC can increase 
the risk up to three times that of an average risk 
individual  [  140  ] . Johns and Houston performed a 
meta-analysis of 27 studies regarding CRC risk 
in patients with relatives with CRC and nine stud-
ies of patients with a family history of adenomas 
 [  141  ] . They observed that the relative risk for 
having an FDR with CRC was 2.25 (95% 
CI = 2.00–2.53). If a patient had more than one 
FDR with CRC, the risk was 4.25 (95% CI = 3.01–
6.08). If the relative was diagnosed before the age 
of 45 years, the risk for the affected individual 



8 J.C. Anderson and D.J. Robertson

was 3.87 (95% CI = 2.40–6.22). If the relative had 
a colorectal adenoma, the risk for CRC was 1.99 
(95% CI = 1.55–2.55). Although it is well accepted 
that a family history of CRC signi fi cantly increases 
the risk for CRC, there is less data for a family 
history of an adenoma. One study by Cottet et al. 
observed an increased risk of large adenomas or 
CRC in patients with an FDR with a large ade-
noma  [  142  ] . Based on these data as well the lack 
of data for small adenomas, the ACG dropped a 
family history of any adenoma as an indication 
for earlier screening in its most recent guidelines. 
Based on available data, patients with second- or 
third-degree relatives with a history of CRC 
should receive average risk screening  [  140,   143  ] .  

   Familial Syndromes 
 CRC in the setting of a familial syndrome repre-
sents less than 10% of all CRC. However, the 
identi fi cation of patients with these syndromes is 
important for surveillance of the affected individ-
ual as well as for screening of the relatives. Some 
important clues that an individual may have a 
familial syndrome include an early age of onset of 
the CRC, multiple adenomas, more than one 
affected relative with colorectal neoplasia, and 
successive generations with colorectal neoplasia. 
In addition to a family history of colorectal neo-
plasia, the practitioner should ask the patient 
about other cancers in  fi rst-, second-, and third-
degree relatives. The United States Surgeon 
General’s web site has an online tool for patients 
to collect a family history of diseases including 
cancer (  https://familyhistory.hhs.gov/fhh-web/
home.action    ). In this section we will brie fl y 
describe the common syndromes and the colorec-
tal cancer screening guidelines for these patients.  

   Hereditary Nonpolyposis Colorectal 
Cancer 
 This familial syndrome, also known as Lynch 
syndrome, is responsible for less than 5% of all 
CRC  [  144  ] . The common features of this syn-
drome include young age of onset and predispo-
sition for proximal tumors. The lifetime CRC 
risk for patients with the HNPCC mutation is 
about 50–80%  [  145  ] . These tumors are often 
mucinous, poorly differentiated, and contain 

in fi ltrating lymphocytes. The most common 
extracolonic tumor observed in HNPCC is endo-
metrial cancer with the hMSH6 mutation confer-
ring the greatest risk  [  146  ] . Other common sites 
for tumors include ovaries, small bowel, stom-
ach, brain, skin, pancreas, hepatobiliary system, 
and the urinary tract. The Muir-Torre variant of 
HNPCC includes skin lesions such as sebaceous 
adenomas. 

 HNPCC occurs in the setting of germline 
mutations in the MMR genetic code. These genes 
are responsible for the production of DNA repair 
enzymes: hMLH1, hMLH3, hMSH2, hMSH3, 
hMSH6, hPMS1, and hPMS2  [  39,   40  ] . The target 
of these repair genes is mismatch errors that 
occur in the microsatellite regions of the genome 
where there are tandem nucleotide base repeat 
sequences. When these microsatellite repeats 
cannot be repaired, MSI ensues. 

 There are multiple clinical guidelines to assist 
in the identi fi cation of HNPCC. The  fi rst set of 
guidelines was known as the Amsterdam 
Criteria-I  [  147  ] . These guidelines required that 
an individual have at least three relatives with 
CRC. One had to be an FDR of the other two with 
at least two successive generations affected and 
one individual diagnosed at less than 50 years of 
age. The second set of guidelines,    Amsterdam 
Criteria-II, was developed to be more sensitive 
and allowed the relatives to have a diagnosis of 
an extracolonic HNPCC-associated tumor  [  148  ] . 
The current recommendations are the Revised 
Bethesda Guidelines for testing CRC for MSI 
 [  149  ] . These criteria recommend MSI testing 
when any of the following clinical scenarios are 
present: CRC diagnosed in a patient younger than 
50 years, the presence of synchronous or 
metachronous CRC, the presence of another 
HNPCC-related tumor, CRC with MSI-related 
histology in a patient younger than 60 years, CRC 
diagnosed in an individual with an FDR with an 
HNPCC-related tumor or CRC less than 50 years 
of age, and CRC diagnosed in a patient with two 
or more FDR or second-degree relatives of any 
age with HNPCC tumors. 

 Testing for MSI involves a panel of  fi ve DNA 
markers. If two or more of these  fi ve markers are 
present, then an immunohistochemistry (IHC) 

https://familyhistory.hhs.gov/fhh-web/home.action
https://familyhistory.hhs.gov/fhh-web/home.action
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analysis can be done to con fi rm the presence of 
the protein products of the repair genes, which 
include MSH2, MSH6, MLH1, and PMS2  [  150  ] . 
Any absence of the proteins in the tumor speci-
men, when compared to normal cells obtained in 
a blood sample, suggests that a germline mutation 
is present. When present, 90% of germline muta-
tions in HNPCC are located in hMSH2 and 
hMLH1, while hMSH6 and hPMS2 account for 
the remaining 10%  [  151  ] . hMSH6 mutations carry 
a lower cancer risk than the other abnormalities 
 [  152  ] . A review by Koornstra et al. reported that 
the risk for endometrial cancer was the highest for 
hMSH6 and the lowest for hMLH1  [  146  ] . 

 The recommendation for an individual sus-
pected of having HNPCC is a colonoscopy every 
one to 2 years. In a study by Stupart et al., 129 
subjects with an hMLH1 defect underwent sur-
veillance colonoscopy every 2 years until age 30 
and then annually after that age, while 49 patients 
refused surveillance  [  153  ] . Patients who refused 
surveillance had a higher risk of death from CRC 
as compared to the group who had surveillance. 
The age recommended to begin screening in 
HNPCC patients is at 20–25 years of age or 10 
years younger than the youngest affected indi-
vidual with CRC. A  fl exible sigmoidoscopy is 
not recommended, given the proximal nature of 
the colon tumors associated with HNPCC. There 
is little evidence to support screening for the 
other HNPCC-related tumors.  

   Familial Adenomatous Polyposis 
 Familial adenomatous polyposis (FAP) is an 
autosomal dominant syndrome that is caused by 
a genetic mutation of the APC gene on chromosome 
5. Unlike HNPCC, the penetrance of FAP is com-
plete and is accompanied by a nearly 100% 
chance of developing CRC when the genetic muta-
tion is present. APC mutations occur in approxi-
mately 1 in 10,000 births  [  154  ] . There are two 
phenotypes of the disease, classic and attenu-
ated FAP. Classic FAP presents with thousands 
of adenomas in the colorectum by the time an 
affected individual is 10–12 years of age. The 
average age at which the individual develops 
CRC is less than 40 years of age  [  140  ] . Most 
patients with classic FAP will have duodenal 

adenomas by their  fi fth decade  [  155,   156  ] , and 
duodenal or peri-ampullary cancer is the leading 
cause of death after a colectomy is performed 
 [  157  ] . These duodenal adenomas occur in the 
second portion of the duodenum or around the 
papilla. Many patients with classic FAP have 
polyposis of typically benign fundic gland gastric 
polyps that some studies have demonstrated to 
have a high rate of dysplasia  [  158  ] . Gastric ade-
nomas can occur in less than one- fi fth of all FAP 
patients and are usually located in the antrum 
 [  140  ] . Other manifestations include desmoid 
tumors, which are usually intra-abdominal. In 
addition, patients with FAP are at risk for endo-
crine tumors such as adrenal gland tumors and 
thyroid papillary carcinoma. Attenuated FAP 
(AFAP) differs from FAP in that these patients 
have a later onset of CRC. 

 The diagnosis of FAP is made by the initial 
observation of multiple colorectal or duodenal 
adenomas followed by con fi rmation with genetic 
testing for mutation of the APC gene. If the test 
for the FAP gene is negative, then a test should be 
performed for the MYH-associated polyposis 
(MAP) gene. An individual with an APC muta-
tion should have a  fl exible sigmoidoscopy start-
ing at 10–12 years of age  [  159–  162  ] . If an 
adenoma is detected, surgery should be consid-
ered in the patient. In AFAP, screening should 
start at age of 18 years since the disease has a 
later onset. If an adenoma is detected, the indi-
vidual should be placed in a yearly colonoscopy 
surveillance program. With regard to the surveil-
lance of duodenal carcinoma, endoscopy with 
both forward and side-viewing scopes should 
begin at the age of 20.    

   Polyps 

 Polyps can be classi fi ed in several ways that 
include size, histology, anatomic location, 
morphology, and degree of dysplasia. In this 
section, there will be a discussion of traditional 
adenomas, which are considered neoplastic. In 
addition, hyperplastic or serrated lesions will be 
discussed in light of recent data suggesting their 
prominent role in carcinogenesis. 
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   Traditional Adenomas 

   Histology 
 Adenoma histology has classically been described 
as tubular, villous, or tubulovillous. Over 90% of 
adenomas will have tubular pathology with less 
than 10% having some villous elements  [  55  ] . The 
majority of the tubular adenomas will be less 
than one centimeter in diameter as demonstrated 
in endoscopic studies of asymptomatic patients 
 [  24,   55,   163  ] . Although the majority of adenomas 
will be tubular adenomas, villous adenomas are 
of greater interest with regard to screening. 
Villous adenomas pose a challenge to the endos-
copist since there is great variability to the pathol-
ogist’s interpretation with regard to presence and 
extent of villous tissue. Rex et al. suggested that 
one quality indicator should be that villous ade-
nomas account for less than 10% of all adenomas 
found  [  164  ] . In a study of 3,121 asymptomatic 
veterans, Lieberman et al. observed that 1,171 
patients had adenomas  [  55  ] . There were 93 
(93/1,171; 7.9%) patients who had adenomas 
with at least 25% villous elements. The primary 

importance of villous histology is in its role in 
de fi ning an advanced adenoma.  

   Morphology 
 Adenomas can be classi fi ed as  fl at or protruding, 
and there are two schemes by which these mor-
phologies can be described. The Japanese 
Research Society Classi fi cation (JRSC) de fi nes 
 fl at lesions as those where the height is less than 
one-half the measured diameter  [  165–  167  ] . The 
Paris classi fi cation divides lesions into those that 
are protruding versus those that are non-protrud-
ing  [  168,   169  ] . This is based on whether the 
lesion protrudes into the lumen a distance of at 
least 2.5 mm or the approximate width of a stan-
dard snare catheter. Adenomas are categorized 
into protruding which included pedunculated 
(Ip), sessile (Is), and mixed (Ips). The non-pro-
truding or  fl at adenomas include elevated (IIa), 
 fl at (IIb), and depressed (IIc). A representation of 
the Paris classi fi cation is shown in Fig.  1.1 .  

 Over the last decade there has been a signi fi cant 
amount of speculation regarding adenoma 
morphology and its possible association with 

  Fig. 1.1    The Paris classi fi cation divides polyps into protruding and non-protruding lesions       
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advanced neoplasia or frank malignancy. Soetikno 
et al. reported that while less than 15% of 1,819 
patients from a veteran’s hospital population 
demonstrated  fl at adenomas, 6.6% of these 
lesions had high-grade dysplasia or more omi-
nous features  [  170  ] . These data suggested that 
while only a fraction of adenomas were  fl at, these 
lesions had a higher rate of advanced pathology 
than protruding adenomas. However with the 
advent of high-de fi nition endoscopy, there are 
more data to suggest that non-protruding ade-
nomas are common and that among these lesions, 
depressed morphology is the most important pre-
dictor of advanced pathology. 

 In a study by Kahi et al., there were 780 ade-
nomas found, of which 338 (43.3%) were non-
polypoid  [  171  ] . Most of the  fl at lesions were 
classi fi ed as IIa. Among the advanced lesions, 
only two protruding carcinomas were detected. 
In an Italian population of 27,400 patients, there 
were 4,154 patients with adenomas  [  172  ] . There 
were 25.9% of the patients who had non-polypoid 
adenomas, with a total of 1,121  fl at adenomas 
detected. Among the 176 adenomas with HGD or 
greater, there was no difference in the prevalence 
of  fl at versus polypoid adenomas. The size of the 
polyp was the most important factor of advanced 
histology in this study. However, there was a 
higher rate of HGD or greater in the depressed 
(IIc) group compared with adenomas that were 
 fl at (IIb) or elevated (IIa). In summary, recent 
data suggests that IIa lesions are the most com-
mon morphology and that  fl at adenomas have 
high risk of advanced pathology if they present as 
IIc lesions  [  173  ] .  

   Prevalence and Location of Adenomas 
 Adenomas can be located throughout the colon in 
at least 20% of all patients older than 50 years. 
However, there can be great variation with regard 
to anatomical location and prevalence. With 
regard to anatomic location, two separate studies 
examining female and male veterans observed 
that women  [  56  ]  were more likely to have proxi-
mal neoplasia than men  [  55  ] . Anderson et al., in 
a study of nearly 2,000 screening patients, 
observed that age greater than 60 years, smoking, 
and a family history of CRC increased the 

likelihood of isolated proximal neoplasia  [  174  ] . 
This is neoplasia that would not have been 
detected on  fl exible sigmoidoscopy because it 
was proximally located and had no index distal 
lesion that would have prompted a full 
colonoscopy. 

 With regard to the prevalence of adenomas, 
there is also great variation. Although the quality 
benchmark for the percentage of patients with 
adenomas detected on a screening exam is 20% 
 [  164  ] , many recent studies using high-de fi nition 
colonoscopy have demonstrated higher detection 
rates. For example, in their study comparing 
white light to narrow band imaging, Rex and 
Heilbig found that over 50% of screening patients 
had adenomas  [  175  ] . In their study of over 600 
asymptomatic patients, Kahi et al. examined the 
difference between white light high-de fi nition 
colonoscopy versus high-de fi nition colonoscopy 
plus chromoendoscopy with indigo carmine  [  171  ] . 
The percentage of patients with at least one ade-
noma detected was 55.5% for the chromoendos-
copy arm and 48.4% for the white light-only 
group. Another recent study of 600 asymptom-
atic patients demonstrated an adenoma detection 
rate of approximately 40%  [  176  ] .  

   Advanced Features 
 Advanced adenomas are lesions that have been 
identi fi ed as important targets with regard to 
screening. Adenomas with features such as size 
equal to or exceeding one centimeter, containing 
villous histology, high-grade dysplasia, and/or 
adenocarcinoma can qualify as an advanced ade-
noma. These lesions are important due to their 
malignant potential as well as their association 
with future neoplasia. Good evidence to support 
the role of advanced adenomas in the develop-
ment of CRC can be found in a British study that 
followed 1,618 patients  [  177  ] . Patients who had 
polyps that were large (>1 cm) or had villous tis-
sue were more likely to develop CRC than the 
general population (OR = 3.6; 95% CI: 2.4–5.0). 
Recently, Lieberman et al. examined the 5-year 
follow-up after a baseline screening examination 
in 3,121 male veterans  [  178  ] . This study exam-
ined the risk for developing an advanced adenoma 
depending on the baseline  fi ndings. The relative 
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risk in patients was 6.40 (95% CI: 2.74–14.94) 
with tubular adenomas at least 10 mm in size, 
6.05 (95% CI: 2.48–14.71) for villous adenomas, 
and 6.87 (95% CI: 2.61–18.07) for adenomas 
with high-grade dysplasia. Conversely, the risk 
was only 1.92 (95% CI: 0.83–4.42) with one or 
two tubular adenomas <10 mm in size. One cor-
ollary was that the risk of CRC in patients with 
three or more tubular adenomas <10 mm in size 
was almost as high as the advanced adenomas 
(RR = 5.01; 95% CI: 2.10–11.96). Many other tri-
als such as the National Polyp Study  [  35,   179  ] , 
the pooled chemoprevention trials  [  180  ] , and 
European calcium trial  [  181  ]  have reported that 
adenoma multiplicity is a strong predictor of 
advanced neoplasia on follow-up exam  [  182  ] . 
Thus although they are not considered an 
advanced adenoma, the presence of multiple (at 
least 3) adenomas of any size is an important pre-
dictor of future advanced neoplasia. 

 With regard to the prevalence of advanced 
adenomas, there are several factors that can affect 
these rates. These include age, gender, family 
history of CRC, as well as other lifestyle factors 
such as smoking and BMI. The overall rates can 
vary from 3 to 10%  [  55,   56,   71,   81,   163,   183–  188  ] . 
Screening studies provide the most reliable data 

for prevalence of these lesions, and results from 
some of the more notable studies are shown in 
Table  1.1 . It is important to note that most of 
these studies do not comment on sessile serrated 
adenomas.   

   Size 
 Size is an important characteristic for adenomas 
as the risk for high-grade dysplasia is directly 
related to this measurement. Although, there are 
many endoscopists who measure polyp size with 
an open forceps method, there is data to suggest 
that the pathologist’s measurement is more accu-
rate  [  189  ] . Muto et al. observed that the rate of 
high-grade dysplasia in polyps <1 cm in size was 
1.1% compared with larger polyps that had a rate 
of greater than 10%  [  190  ] . One analysis from the 
National Polyp Study found that the prevalence 
of high-grade dysplasia was 1.1% in adenomas 
less than 5 mm in size, 4.6% in patients with 
5–9 mm adenomas, and 20.6% in patients with 
adenomas at least 1 cm in size  [  191  ] . Butterly 
et al. examined 1,933 adenomas resected from 
3,291 colonoscopies for evidence of advanced 
pathology de fi ned by the presence of villous ele-
ments, high-grade dysplasia, or adenocarcinoma 
 [  192  ] . In that analysis, they observed that the rate 

   Table 1.1    Prevalence of advanced adenomas in screening populations   

 Study  Year  Country  Population  Advanced adenomas 

 VA 380  [  55  ]   2000  USA  3,121 male veterans aged 50–75 years  10.5% (329/3,121) 
 University of Navarra  [  186  ]   2003  Spain  Asymptomatic patients 

( n  = 2,210) older than 40 years 
 7.0% (156/2,210) 

 Eli Lilly  [  163,   188  ]   2003  USA  Asymptomatic patients 
( n  = 3,025) older than 50 years 

 6.0% (181/3,025) 

 CONCeRN  [  56  ]   2005  USA  1,463 asymptomatic female 
veterans aged 50–79 years 

 4.9% (72/1,463) 

 Tel Aviv Sourasky Medical 
Center  [  187  ]  

 2006  Israel  1,177 people aged 40–80  6.3% (74/1,177) 

 Rockford Gastroenterology  [  183  ]   2006  USA  2,053 patients with no 
previous screening 

 5.2% (107/2,053) 

 Maria Sklodowska-Curie 
Memorial Cancer Center [  185  ]  

 2006  Poland  50,148 patients ages 40–66. 
Those less than 50 had a family 
history of CRC 

 5.6% (2,796/50,148) 

 University of Wisconsin  [  184  ]   2007  USA  Study compared screening with CTC 
( n  = 3,120) and OC ( n  = 3,163) 

 CTC: 3.2% (100) 
 OC: 3.4% (107) 

 CORI  [  71  ]   2008  USA  Asymptomatic patients from 
17 sites ( n  = 11,854) 

 5.9% avg risk 
 5.7% Fam Hx CRC 
or adenoma 
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of advanced pathology was 1.7% for adenomas 
4 mm or smaller and 10.1% for adenomas that 
were 5–10 mm. 

 A similar study was performed by Tsai and 
Strum on adenomas resected from nearly 5,000 
patients who had received a screening colonos-
copy  [  193  ] . In that population, there were 930 
patients with at least one adenoma, 248 with 
advanced adenomas, and 8 with adenocarcinoma. 
With regard to size, there were 89 polyps one 
centimeter or larger, and 76 (85%) had advanced 
pathology. In this study, advanced pathology is 
de fi ned as the presence of villous tissue, high-
grade dysplasia, or adenocarcinoma. Among the 
6–9 mm polyps, 67 (27%) were advanced and 
105 (10%) of 1,025 polyps  £  5 mm had advanced 
histology. These rates of advanced pathology are 
much higher than previous studies. In Table  1.2 , 
the results of other selected studies demonstrat-
ing the risk of advanced histology relative to 
adenoma and polyp size are shown.  

 Size is not only important with regard to the 
risk of malignancy. The increasing detection rate 
of diminutive polyps (<5 mm) may force endos-
copists to alter how they treat these small lesions 
in the course of colon cancer screening. As pre-
viously noted, studies that have employed high-
de fi nition colonoscopes  [  27,   171,   175,   176,   191  ]  
have yielded adenoma detection rates in screen-
ing populations that are much higher than in pre-
viously published studies  [  24,   55,   56,   163  ] . 
Resection of these polyps can be associated with 
complications and substantial pathology costs. 
Therefore, the bene fi t from removal is small 
given the low risk of malignancy. In response to 
these issues, some experts have recommended a 
“resect and discard” policy which is designed to 
decrease cost while maintaining the ef fi cacy of 
cancer prevention with colonoscopy  [  196  ] . 
While this recommendation appears to address 
the concern of cost, there are other concerns such 
as patient acceptance of this policy that require 
further examination. Another issue is how to 
deal with multiple polyps. Speci fi cally, while it 
is recognized and accepted that small adenomas 
individually pose a small risk with regard to 
malignant potential and metachronous lesions 
 [  178  ] , multiple adenomas have been shown to be 

predictive of future adenomas  [  197,   198  ] . 
Although discarding one or two small polyps is 
unlikely to change surveillance recommenda-
tions for the patient, detection of more than two 
adenomas may change the interval of surveil-
lance by several years. Thus, histologic 
con fi rmation by a pathologist may be needed for 
patients with multiple polyps. Finally, with an 
increasing detection rate for these small ade-
nomas, we may want to consider raising the 
threshold for shorter surveillance intervals from 
three adenomas to a higher number. Thus, more 
studies evaluating these issues are required. 

 A study by Rex et al. demonstrates the 
signi fi cance of lesions less than one centimeter 
in size  [  195  ] . In that study, they examined the 
“high-risk adenoma” rates in patients who under-
went an endoscopic examination. High-risk ade-
nomas were de fi ned as advanced adenomas and 
multiple adenomas. Of the 10,034 patients, there 
were 5,079 who had at least one adenoma and 
1,001 patients with high-risk adenomas. Among 
patients with high-risk adenomas, 293 (29%) 
had three adenomas less than 5 mm ( n  = 267) or 
advanced pathology ( n  = 26). Of the 774 patients 
with one or two adenomas 6–9 mm in size, 184 
(18%) had multiple adenomas ( n  = 149) or had 
an adenoma with advanced pathology ( n  = 35). 
This study reinforces that adenomas less than 
1 cm can have signi fi cant pathology. However, 
this study also demonstrates the number of 
patients with multiple adenomas that are either 
less than 9 mm (18% of the 1,001 high-risk 
patients) or less than 5 mm (27%).  

   Serrated Pathway 
 In 1990, Longacre and Fenoglio-Preiser pub-
lished data on polyps that had features of both 
hyperplastic polyps and adenomas  [  199  ] . The 
authors believed that these polyps represented a 
variant of a villous polyp rather than two separate 
polyps juxtaposed together. These polyps were 
denoted serrated adenomas because of the pattern 
of the architecture. 

 Since their initial description, these polyps 
have gained a great deal of interest because of the 
many challenges that they pose. The  fi rst chal-
lenge lies in the rapidly changing nomenclature 
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of these lesions. Recently, these lesions have been 
divided into hyperplastic polyps (HP), sessile ser-
rated adenomas (SSA), and traditional serrated 
adenomas (TSA)  [  200  ] . Another recognized, but 
less commonly used, category is the “mixed 
polyp” with adenomatous tissue juxtaposed next 
to hyperplastic tissue. Another challenge lies in 
the pathologic interpretation of serrated polyps as 
there are several studies that have demonstrated 
signi fi cant variability among pathologists in inter-
preting and classifying these lesions  [  201,   202  ] . 

 The classi fi cation of HP can be divided into 
two subgroups: the microvesicular serrated pol-
yps (MVSP) and the goblet cell serrated polyps 
(GCSP), which are primarily located in the distal 
colon  [  203  ] . The GCSP have enlarged distended 
crypts with many goblet cells in the upper half of 
the crypts and prominent tufting of the epithe-
lium. Conversely, the MVSP have long funnel-
shaped crypts with prominent serration in the 
upper portion of the crypt. The MVSP appear to 
have similar molecular abnormalities to SSA and 
may evolve into these more advanced lesions. On 
the other hand, it is not known if GCSP progress 
to SSA or another advanced lesion. An excellent 
study that demonstrates this divergence is an 
examination by Rosenberg et al. of the molecular 
pro fi le of aberrant crypt foci (ACF). ACF are 
small lesions, one or two crypts in size, that were 
used by this group as models of carcinogenesis. 
In this study, Rosenberg et al. observed that ACF 
with distended crypts were more likely to have 
KRAS abnormalities, while serrated ACF were 
more likely to have BRAF mutations. The KRAS 
lesion is mutually exclusive with BRAF muta-
tions and rarely found in SSA  [  204  ] . 

 Sessile serrated adenomas (SSA) are charac-
terized by similar features to MVSP in the upper 
crypts, but irregularity of the architecture of the 
lower crypts. This gives the crypts the appear-
ance of an upside “L” or “T.” With regard to 
molecular abnormalities, SSA have BRAF muta-
tions and are CIMP-H lesions  [  205,   206  ] . SSA 
are often proximally located and are often dif fi cult 
to detect as they often present as  fl at (IIb) or 
super fi cially elevated (IIa) lesions  [  207  ] . They 
frequently can be detected by the presence of a 
yellowish mucous cap covering the polyp  [  208  ] . 

SSA usually exhibit a type II pit pattern or 
stellate-shaped pattern due to their serrated crypt 
formation. In addition, some SSA may develop 
dysplasia and therefore exhibit a type III or IV pit 
pattern seen in adenomas. 

 Another important feature of SSA is their 
strong association with advanced neoplasia. A few 
studies have demonstrated that large serrated 
polyps are likely to have synchronous advanced 
neoplasia  [  209,   210  ] . Hyperplastic polyposis 
syndrome (HPS) is characterized by multiple HP 
throughout the colon. In SSA that are adjacent 
to carcinoma, the transition zone is dysplastic. 
In addition, Goldstein et al. examined eight 
serrated polyps with a focus of malignancy  [  211  ] . 
They observed that these serrated polyps aver-
aged 8.3 mm in size, that the carcinoma in these 
polyps averaged 2.8 mm in size, and that it 
invaded the submucosa without spreading later-
ally. Thus SSA appear to have a proclivity to 
become advanced lesions and could be consid-
ered precursors of CRC. 

 Another group of serrated lesions is TSA 
which are characterized by serration and a uni-
form population of dysplastic cells which are 
columnar with eosinophilic cytoplasm. These 
polyps tend to be protuberant, unlike SSA 
which are typically  fl at. TSA are believed to be 
a separate entity from SSA with dysplasia, 
despite both having serration and dysplasia. 
One important distinguishing factor between 
the two histologic types is the observation that 
ectopic crypts are found in TSA. These are 
crypts whose bases are adjacent with the mus-
cularis mucosa  [  212  ] . 

 Another challenge that endoscopists face is 
the dif fi culty in detecting serrated polyps. As pre-
viously noted, serrated polyps are often proxi-
mally located and  fl at in morphology. A recent 
study by Kahi et al. observed a marked variation 
of 1–18% for the prevalence of serrated lesions in 
nearly 7,000 patients undergoing colonoscopy 
 [  213  ] . Furthermore, the detection rate of serrated 
lesions correlated with the detection rate of tradi-
tional adenomas. The authors concluded that suc-
cessful detection of serrated polyps is likely 
dependent on adherence to quality indicators in 
the performance of colonoscopy.    
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   Interval Cancer 

 Recently published data have suggested an 
anatomical difference with regard to the protec-
tive effect from colonoscopy. While the risk for 
distal advanced neoplasia and CRC is reduced in 
patients who have received a colonoscopy, the 
risk for proximal CRC is not reduced  [  214,   215  ] . 
Interval CRC is diagnosed between regularly 
scheduled screening or surveillance colonosco-
pies. Many studies have demonstrated a proximal 
proclivity for interval tumors. A study by Bressler 
et al. demonstrated that older age and female 
gender are risk factors for interval cancers  [  28  ] . 

 There have been several explanations pro-
posed to explain interval neoplasia. Interval CRC 
may arise from previously resected polyps. 
Cancers arising from inadequate resection of 
adenomas may account for a large percentage of 
interval cancers. Another possibility includes the 
potential differences in the biology between 
right- and left-sided neoplasia. The methylation 
pathway may provide an answer with regard to 
biological explanations given the proximal loca-
tion, accelerated path to advanced pathology, and 
dif fi culties in detection of interval CRC. One 
study by Arain et al. observed that interval CRC 
has a higher rate of CIMP than non-interval can-
cers  [  216  ] . As previously discussed, this molecu-
lar abnormality is the hallmark of SSA. 

 Missed lesions are also likely to play an impor-
tant role in interval CRC. Major reasons for miss-
ing lesions during colonoscopy involve technical 
performance issues that limit intubation and visu-
alization of the right bowel. The study by Bressler 
et al. observed that factors affecting performance 
of colonoscopy can be associated with interval 
CRC  [  28  ] . These include the presence of diver-
ticular disease or pelvic surgery in women 
 [  217,   218  ] .    Furthermore, these investigators also 
observed that having a colonoscopy in an of fi ce 
or performed by an internist or by a family prac-
titioner is also an independent risk factor for 
interval CRC. 

 Other factors may result in missed lesions 
even when the cecum is intubated. Inadequate 
preparation of the colon as well as quick withdrawal 

time may result in colorectal neoplasia going 
undetected. Rex has published multiple papers 
recommending quality indicators to maximize 
adenoma detection during colonoscopy  [  173, 
  219,   220  ] . These included adequate withdrawal 
time, adequate preparation time, and a minimum 
cecal intubation rate of 90%. Following these 
recommendations should result in overall ade-
noma detection rate (ADR) of 20%. Adenoma 
detection rate is the percentage of all patients in 
whom an adenoma was detected and is consid-
ered the main benchmark with regard to quality 
of colonoscopy. The importance of two of these 
quality indicators was validated in landmark 
colonoscopy studies. The  fi rst was an analysis by 
Barclay et al. of the adenoma detection rate in a 
population of nearly 8,000 patients who had an 
endoscopy by one of 12 experienced gastroenter-
ologists  [  183  ] . They compared the adenoma 
detection rate between the endoscopists who used 
more than 6 min to withdraw the colonoscope 
versus those who used less than 6 min. Compared 
with endoscopists with shorter withdrawal times, 
those with longer withdrawal times had higher 
rates of detection of any neoplasia (28.3% vs. 
11.8%,  P  < 0.001) and more importantly of 
advanced neoplasia (6.4% vs. 2.6%,  P  = 0.005). 
A second study was performed by Kaminski et al. 
in a population of over 45,000 patients who 
received a screening colonoscopy  [  221  ] . There 
was a higher rate of interval CRC among endos-
copists with an ADR of less than 20%. Thus, one 
could conclude that better technique such as lon-
ger withdrawal time should result in a higher 
ADR and subsequently lower interval CRC rate. 

 Pohl and Robertson designed a novel analy-
sis to estimate the frequency of missed interval 
cancers  [  222  ] . They calculated the proportion 
of missed lesions that resulted from missed 
adenomas at baseline. Key assumptions based 
on the literature included published adenoma 
miss rates, adenoma prevalence rates, and ade-
noma–carcinoma transition rates. Their analy-
sis demonstrated that the rate for interval CRC 
within 5 years of screening could range from 
0.5/1,000 interval CRC for the lowest adenoma 
miss rates to 3.5/1,000 for the highest adenoma 
miss rates.  
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   Staging of CRC 

 The Dukes’ classi fi cation was the earliest form of 
CRC staging. Originally published in 1929, the 
Dukes’ classi fi cation has been the most widely 
used and accepted CRC staging scheme. This 
classi fi cation used intraoperative  fi ndings and 
was based on patients who had undergone a 
potentially curative resection  [  223,   224  ] . The  fi rst 
stage was A for any tumor con fi ned to the submu-
cosa or the muscularis propria. Stage B was for 
any tumor that penetrated the muscularis propria 
and invades directly into the peri-colorectal tis-
sue, the surface of visceral peritoneum or adja-
cent organs or structures. The modi fi ed 
Astler–Coller classi fi cation was different in that 
it subcategorized the Dukes’ stages (ABC) into 
numbered categories to differentiate tumor pene-
tration levels. In addition, tumors penetrating the 
muscularis propria were taken out of the “A” cat-
egory and classi fi ed as B2. Since this classi fi cation, 
the TNM or tumor-node-   metastasis classi fi cation 

has been used by the Union Internationale 
Contre le Cancer (UICC) and the American Joint 
Committee on Cancer (AJCC)  [  225  ] . The most 
important aspect of the staging for CRC pertains 
to the treatment, which will be discussed in the 
next section. In the TNM classi fi cation, the N 
category is divided into N0, N1, and N2 depend-
ing upon the number of positive lymph nodes. 
The M category is categorized by the number of 
organs that the tumor has involved. 

 The following is the breakdown for the T 
staging:

   Tis: Tumor con fi ned to the mucosa.  • 
  T1: Tumor extends through the muscularis • 
mucosa into the submucosa.  
  T2: Tumor extends through the submucosa • 
into the muscularis propria.  
  T3: Tumor extends through the muscularis • 
propria into serosa but not through the bowel 
wall.  
  T4a: Tumor extends through the serosa.  • 
  T4b: Tumor extends though the wall of the • 
colon and invades nearby structures/organs.    

  Fig. 1.2    A representation of the stages for colorectal cancer according to the American Joint Committee on Cancer 
(AJCC)             

 



Fig. 1.2 (continued)
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Fig. 1.2 (continued)
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 The stages of CRC (Figs.  1.1  and  1.2 ) accord-
ing to the AJCC guidelines are the following: 

   Stage 0: Tis, N0, M0  • 
  Stage I: T1 or T2, N0, M0  • 
  Stage IIA: T3, N0, M0  • 
  Stage IIB: T4a, N0, M0  • 
  Stage IIC: T4b, N0, M0  • 
  Stage IIIA: T1 or T2, N1, M0  • 
  Stage IIIB: T3 or T4a, N1, M0; T2 or T3, N2a, • 
M0; T1 or T2, N2b, M0  
  Stage IIIC: T4a, N2a, M0; T3 or T4a, N2b, • 
M0; T1 or T4b, N1 or N2, M0  
  Stage IVA: Any T, any N, M1a  • 
  Stage IVB: Any T, any N, M1b    • 
 This is shown in Fig.  1.2 . 
 Thus, when a tumor is resected, the following 

factors need to be reported for staging:
   Grade of the cancer  • 
  Depth of penetration (T)  • 
  Number of lymph nodes evaluated and num-• 
ber that are positive (N)  
  Status of proximal, distal, and radial margins  • 
  Presence of lymphovascular invasion  • 
  Presence of perineural invasion  • 
  Presence of extranodal tumor deposits     • 

   Treatment of CRC 

 The treatment of CRC depends on the stage of 
disease, with colon and rectal cancers having dif-
ferent recommendations from the National 
Comprehensive Cancer Network (NCCN). The 
recommendations are usually surgery with or 
without adjuvant therapy in the form of chemo-
therapy or radiation. With regard to colon cancer, 
Stage I can be treated with surgery and does not 
require adjuvant therapy. Stage II can be treated 
with surgery, and adjuvant therapy may be used 
for patients with risk factors that indicate a high 
rate of recurrence. These factors include tumor 
grade of 3 or 4, the presence of lymphatic/vascu-
lar invasion, bowel obstruction or perforation, or 
close/indeterminate surgical margins. Adjuvant 
therapy can be in the form of chemotherapy with 
5-FU/leucovorin/oxaliplatin or other chemother-
apy agents such as capecitabine. Stage III colon 
cancer can be treated with surgery and chemo-
therapy in the form of one of several agents. The 

treatment of Stage IV colon cancer is dependent 
on whether the metastases are resectable. For 
example, if there is a single liver metastasis, then 
treatment is the surgical removal of both the pri-
mary tumor and liver lesion and chemotherapy. 

 The major difference between rectal and colon 
cancer is that the former has a higher rate of 
recurrence partly due to anatomic dif fi culty of 
resection in the pelvis  [  226  ] . Therefore, Stage II 
and III rectal cancers require adjuvant therapy in 
the form of chemoradiation therapy after curative 
resection. Neoadjuvant preoperative chemoradia-
tion may improve outcomes by shrinking the 
tumor and increasing the success rate of surgery 
 [  227,   228  ] . 

   Surgical Resection of CRC 

 Surgical resection of CRC is the cornerstone of 
treatment in this cancer. For colon cancer, a preop-
erative CT scan of the abdomen and pelvis as well 
as data from the colonoscopy provides the infor-
mation that dictates the extent of the surgery. In 
rectal cancer, an endoscopic ultrasound and or pel-
vic MRI can aid in the staging of the cancer  [  229  ] . 
Currently, carcinoembryonic antigen (CEA) and 
histology or grade of the tumor do not play a role 
in determining the resection approach. Lymphatic 
drainage and blood supply are the main factors 
that dictate the extent of resection. In addition, the 
AJCC recommends the removal of at least 12 
lymph nodes that drain the region of the cancer 
 [  225  ] . When the cancer is located above the perito-
neal re fl ection, the main factor for the amount of 
colon resected is the mesenteric vasculature  [  229  ] . 
For right-sided cancer, a right hemicolectomy is 
performed which includes the appendix, cecum, 
ileocecal valve, ascending colon, hepatic  fl exure, 
and a portion of the proximal transverse colon. 
The resection line distally is the main trunk of the 
middle colic artery, which is left intact to preserve 
the blood supply to the remaining transverse colon. 
With regard to left-sided lesions, the colon is 
resected from the splenic  fl exure to just above the 
peritoneal re fl ection. 

 Rectal cancer differs from colon cancer 
because resection is technically more dif fi cult. 
One of the main concerns in resecting rectal 
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cancer is the preservation of a functional anal 
sphincter. The original approach to rectal cancer 
was a radical resection of the distal rectum and 
perineum. This method resulted in a permanent 
colostomy and had a high perineal wound com-
plication rate  [  230  ] . The use of the low anterior 
approach has resulted in better sphincter preser-
vation, but a technique known as total mesorectal 
excision (TME) has resulted in low recurrence 
rates  [  231  ] . TME involves the total surgical 
removal of the pelvic nodal tissue with the rectal 
tumor through sharp dissection. One of main fac-
tors that will help a surgeon decide between a 
sphincter-preserving approach and a more radical 
resection is the rectal examination. If there is 
suf fi cient length between the anal verge and the 
tumor, then a surgical approach with a colon-anal 
anastomosis will be considered.   

   Surveillance for Resected CRC 

 The recommendations by the NCCN for surveil-
lance after resection of CRC include of fi ce visits, 
periodic CEA, chest/abdomen/pelvic CT, and 
colonoscopy. The intervals for these examinations 
are dependent on the stage of the tumor. With 
regard to colonoscopy, the multi-society task 
force recommends that a repeat exam be per-
formed in 1 year if the initial colonoscopy was 
considered a complete evaluation  [  232  ] . If there 
was an obstructing mass or any other reason for 
incomplete visualization of the colon, then a com-
plete colonoscopy 3–6 months after the surgery is 
recommended. On the surveillance examination, 
if there is an advanced lesion, then a repeat 
colonoscopy is recommended in 1 year. If that 
second exam is normal, then another colonoscopy 
should be performed in 3 years. If that exam is 
normal, then a repeat is recommended in 5 years.      
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   Overview 

 While colorectal cancer (CRC) is currently the 
second leading cause of cancer death in the 
US  [  1  ] , it is believed to be a highly preventable 
cancer. In the USA, it is now recommended that 
all asymptomatic persons over the age of 50 
undergo screening of the colon and rectum. This 
review will focus only on the methods and evi-
dence for screening asymptomatic individuals—
patients with gastrointestinal symptoms fall into 
another, typically more aggressive diagnostic 
algorithm category. Despite the fact that excellent 
screening tests are available, the compliance rate 
with current screening recommendations in the 
USA varies between 35 and 65% and is in fl uenced 
by a multitude of factors  [  2,   3  ] . There are many 
controversial aspects surrounding the assertion 
that screening for colon cancer in the USA is less 
than ideal. 

 It is currently believed that the most accurate 
method of CRC screening is by colonoscopy. 
However, prospective clinical trial data demon-
strating incidence and mortality bene fi ts from CRC 
screening currently only exist for fecal occult blood 
testing (FOBT) and sigmoidoscopy. Additionally, 

there is little question that colonoscopy is the 
CRC screening test that is associated with the 
greatest procedural risk, including perforation, 
bleeding, and even death. New methodologies, 
including novel endoscopic methods, CT 
colonography (also known as virtual colonos-
copy), capsule endoscopy, fecal DNA testing, 
and, most recently, blood testing (SEPTN9), offer 
promise that new approaches will be attractive 
enough to entice a larger proportion of people to 
undergo CRC screening.  

   Pathogenesis of Colorectal Cancer 

 The current view of the pathogenesis of CRC 
holds that it transitions from a precancerous 
lesion to cancer over many years. The usual sce-
nario is that an abnormal focus of cells develops 
into a recognizable lesion, most often a “polyp,” 
and then, some polyps undergo additional muta-
tions to eventually develop into malignant 
lesions. This is the so-called adenoma–carcinoma 
sequence  [  4,   5  ] . The different types of polyps 
( fl at, serrated, pedunculated) and their histology 
(hyperplastic, adenomatous) have been well 
described  [  4–  10  ] . There are three major types of 
colorectal adenomas: tubular, villous, and tubu-
lovillous. Hyperplastic polyps are thought to 
have no increased risk of cancer while adenomas 
are the precursors of CRC. The likelihood of 
malignancy in an adenomatous polyp or that it 
will develop into a CRC depends on its size, his-
tologic type, degree of dysplasia, and likely other 
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unknown factors. It is noteworthy that the 
prevalence of polyps in the general population 
varies dramatically but is usually in the 15–25% 
range (if only adenomas are considered). From a 
clinical standpoint, a key concept is that small 
lesions develop into larger lesions and that some 
of these lesions eventually transform into CRC. 
Such a transformation is a rare event on a per-
polyp basis, but, due to the high prevalence of 
adenomas in the population, is a common event 
on a per-person basis. The success of colon can-
cer screening depends on detecting all of these 
lesions. Identi fi cation and removal of both small 
and large polyps halt the adenoma–carcinoma 
sequence. Screening has also demonstrated the 
ability to identify CRC at earlier stages, which 
increases the opportunity for curative therapy, 
something that is uncommon with advanced 
CRC  [  11  ] . 

 An enormous body of literature has focused 
on understanding the pathogenesis of CRC and 
thus understanding factors that might enhance 
its prevention. Genetic variables are undoubt-
edly important, some of which are known and 
others of which are unknown. Additionally, 
environmental factors are clearly important in 
the development of CRC (Table  2.1 )  [  12–  17  ] . 
For example, it is commonly accepted that diets 
high in  fi ber, physical activity, and intake of non-
steroidal anti-in fl ammatory drugs (NSAIDs) 
including aspirin and calcium protect against the 
development of CRC. Conversely, low residue 
“Western diets,” obesity, and smoking predis-
pose to colorectal cancer  [  12,   13,   15–  17  ] .   

   Colorectal Cancer Screening: 
Overview 

 A series of general principles underlying screening 
of patients for CRC can be found in Table  2.2 . In 
general, screening programs should begin by 
consideration of each person’s level of risk. 
Again, this review focuses on asymptomatic 
patients at average risk. Those who have symp-
toms or who are at higher risk should be managed 
according to their perceived risk  [  18  ] .   

   Who Should Be Screened? 

 Patients who are not at increased risk for CRC 
based on the presence of symptoms or known 
familial risk factors are considered to be of aver-
age risk for the development of colorectal cancer 
once they reach the age of 50. In the USA, current 
guidelines are that any individual above the age of 
50 should be offered screening for colorectal can-
cer. These recommendations are based on multi-
ple factors, including the population prevalence 
and incidence of CRC, the associated morbidity 
and mortality, and the costs trade-offs between 
the burden of the disease and the costs of screening 
tests and programs. There are, of course, stipula-
tions to this recommendation. For example, patients 

   Table 2.1    Environmental risk factors for development 
of colon cancer   

 Diet (low  fi ber) 
 Cigarette smoking 
 Physical inactivity 
 The metabolic syndrome, diabetes mellitus 
 Obesity 
 Industrialized countries 
 Alcohol 
 Medications 
 Other 

   Table 2.2    Critical features of CRC screening in average-
risk individuals   

 Offer screening to men and women aged 50 years 
and older 
 Stratify patients by risk 
 Options should be offered 
 Follow-up of positive screening test with diagnostic 
colonoscopy 
 Appropriate and timely management is required once 
cancer is detected 
 Follow-up surveillance required after polypectomy and 
surgery 
 Providers must be pro fi cient 
 Providers should encourage patient participation 

  Adapted from Winawer S, Fletcher R, Rex D, et al. 
Colorectal cancer screening and surveillance: clinical 
guidelines and rationale-update based on new evidence. 
Gastroenterology. 2003;124:544–60  
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with underlying serious life-threatening diseases 
may not be good candidates for screening, not 
only because the screening test itself could harm 
the patient (such as with colonoscopy or sigmoi-
doscopy), but also because the patient’s outcome 
may not be affected by the  fi nding of a CRC 
should it be identi fi ed through screening. Thus, it 
is imperative that patients and physicians dis-
cuss screening risks and bene fi ts. The average 
risk, otherwise healthy individual should always 
undergo screening. 

 Another controversial caveat having to do with 
screening surrounds age. The US Preventative 
Services Task Force recently recommended that 
persons over the 75 years of age not be routinely 
screened for CRC and that no screening be per-
formed in those older than age 85  [  3,   19,   20  ] . The 
rationale for this recommendation is that even 
though CRC risk increases with age (in fact, age 
itself is one of the most important risk factors for 
colon cancer), the presence of other comorbidi-
ties can increase the risk of screening and the 
bene fi ts of screening diminish in terms of qual-
ity-adjusted health years saved based on lower 
life expectancies. Simply stated, patients are 
more likely to die of diseases other than CRC by 
the time they reach the age of 85. Thus the deci-
sion to recommend screening should be individu-
alized at the extremes of age. For example, a 
healthy 80-year-old patient may be a reasonable 
candidate for screening, but a younger patient 
(e.g., 74 year old) with severe comorbidities may 
not be. The risks and bene fi ts of screening in 
elderly patients must be discussed between the 
patient and his/her care providers.  

   Screening Modalities 

 A number of professional societies have not 
only emphasized the importance of screening 
for CRC but have also made recommendations. 
The two consensus groups that have made recent 
recommendations include the Multi-society 
Task Force on Colorectal Cancer and the US 
Preventative Services Task Force (USPSTF). 
Recommendations from the two groups are similar 
in their advocacy of FOBT,  fl exible sigmoidoscopy, 

and colonoscopy but differ substantially regarding 
other tests  [  19,   21  ] . (Table  2.3 ) The Multi-society 
Task Force emphasizes that approaches offering 
visualization of the colon are preferable to indi-
rect methods as are techniques designed to pre-
vent CRC over techniques designed to detect 
CRC. For this reason, the Multi-society Task 
Force recommends more screening tests than the 
USPSTF, speci fi cally including CT colonogra-
phy and fecal DNA testing as acceptable options 
for interested and appropriate patients. Currently, 
the USPSTF recommends only using FOBT, sig-
moidoscopy, or colonoscopy, and it recommends 
against routine screening for CRC in adults 76–85 
years of age and against screening for CRC in 
adults older than age 85 years. The USPSTF 
believes that there is insuf fi cient evidence to 
assess the bene fi ts and harms of CT colonogra-
phy and fecal DNA testing as screening modali-
ties for CRC and gives both of these screening 
modalities an “I” rating.  

   Fecal Occult Blood Testing 

 The evidence supporting the use of FOBT for 
CRC screening is better than for any other method. 
Three large, prospective, randomized, very high-
quality trials have each demonstrated that CRC 
screening using FOBT (guaiac-based tests were 
used in the studies; current generation FOBT 
includes high-sensitivity guaiac-based tests as 
well as immunochemical tests) reduces mortality 

   Table 2.3    Screening recommendations   

 Multi-society Task Force  USPSTF 

 • Guaiac-based FOBT 
annually 

 • High-sensitivity FOBT 
annually 

 • FIT annually  • Flex sig q 5 
years + high-sensitivity 
FOBT q 3 years 

 • Fecal DNA testing  • Colonoscopy q 10 years 
 • Flex sig q 5 years 

(±FOBT) 
 • ACBE q 5 years 
 • Colonoscopy 

q 10 years 
 • CT colonography 
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from CRC  [  22–  24  ] . Thus, there is convincing 
evidence that this modality is effective. 

 However, there are several important issues 
related to FOBT that must remain in clinical con-
text. First, in order for a FOBT to be positive, the 
index lesion must bleed at least enough to be 
detected by the test. Thus, the sensitivity of FOBT 
varies depending not only on the kind of test used 
(i.e., whether guaiac or immunochemical) but also 
on intrinsic features of the lesion that it is meant to 
detect. In general, the larger the lesion in the colon/
rectum, the more sensitive is FOBT for detecting 
the lesion. Thus, FOBT is better at detecting can-
cer than detecting polyps. In all primary programs 
using FOBT, it is recommended that the FOBT be 
performed annually. The other important issue to 
consider is that the false-positive rate of guaiac-
based FOBT is relatively high. There are also a 
number of practical considerations important for 
FOBT, including that stool specimens must be 
collected properly and processed appropriately 
and the fact that for guaiac-based tests, patients 
should be on a speci fi c diet. Evidence suggests 
that immunochemical FOBT may be highly sensi-
tive and more speci fi c than guaiac-based tests  [  25, 
  26  ] . Further, they may be less subject to patient 
preparatory factors because they detect only 
human blood and may require fewer samples. It is 
important that patients with a positive (any single 
positive) FOBT undergo colonoscopy to evaluate 
the entire colon and rectum.  

   Flexible Sigmoidoscopy 

 The use of  fl exible sigmoidoscopy has become 
somewhat controversial. On one hand, some have 
argued that  fl exible sigmoidoscopy evaluates 
only the left colon. However, the current avail-
able evidence suggests that  fl exible sigmoidos-
copy is effective at preventing CRC deaths. At 
least four case–control studies have shown that 
 fl exible sigmoidoscopy is associated with reduced 
mortality for CRC. Further, in a recent large, 
high-quality study of subjects between 55 and 64 
years of age, 170,432 men and women were ran-
domly assigned to  fl exible sigmoidoscopy screen-
ing or standard care  [  27  ] . CRC incidence in the 

 fl exible sigmoidoscopy group was reduced by 
23% (95% CI, 0.70–0.84) and mortality by 31% 
(95% CI, 0.59–0.82). The incidence of distal 
rectum and sigmoid colon cancer was reduced by 
50% (95% CI, 0.42–0.59). 

 There are several issues that must be consid-
ered with  fl exible sigmoidoscopy. First, this 
examination typically requires either a full bowel 
preparation, similar to that required for colonos-
copy or CT colonography, or several enemas. 
Second, this exam is usually performed without 
sedation and is uncomfortable; in fact, available 
data suggest that it is more uncomfortable than 
colonoscopy  [  28  ] . Additionally, patients who are 
found to have an adenoma during  fl exible sig-
moidoscopy require some form of follow-up, 
most often with colonoscopy, to evaluate the 
colon proximal to the extent of the  fl exible sig-
moidoscopy examination. Factors associated 
with an increased risk of advanced proximal neo-
plasia include age over 65 years, villous histol-
ogy, an adenoma greater than 1 cm in size, and 
multiple distal adenomas  [  29  ] . These patients 
should generally undergo full colonoscopy. An 
area of controversy exists for polyps less than 
1 cm in size identi fi ed at the time of  fl exible sig-
moidoscopy. This is because biopsy may or may 
not be performed. Biopsy is recommended, 
because it will distinguish hyperplastic from ade-
nomatous polyps. If adenomatous features are 
identi fi ed, full colonoscopy is recommended. If 
histology is hyperplastic, particularly in the left 
colon, evidence suggests that the risk of advanced 
proximal neoplasia is comparable to the risk in 
persons with no distal polyp  [  30–  33  ] . Of note, 
however, patients with multiple hyperplastic pol-
yps likely have a polyposis syndrome and appear 
to be at increased risk of cancer  [  34,   35  ] . The 
other important consideration is that there is some 
risk associated with sigmoidoscopy; perforation 
occurs in less than 1 per 1,000 patients  [  3,   36  ] .  

   Combined FOBT and Flexible 
Sigmoidoscopy 

 The combination of FOBT and  fl exible sigmoi-
doscopy has not been as rigorously studied as the 
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effect of either test alone but is recommended 
given the evidence for each individually. Evidence 
supporting the combination is equivocal with some 
studies suggesting a modest bene fi t of the combi-
nation  [  29  ] , but others revealing no signi fi cant 
enhancement  [  37,   38  ] . When both tests are used 
to screen for CRC, FOBT should be performed 
 fi rst because a positive result is an indication for 
colonoscopy. This would eliminate the need for 
the  fl exible sigmoidoscopy examination. A dis-
advantage of the combined FOBT/ fl exible sig-
moidoscopy strategy is that people incur the 
inconvenience, cost, and complications of both 
tests, but we do not de fi nitively know the gain in 
effectiveness.  

   Air Contrast Barium Enema 

 There are little data with which to assess the util-
ity of air contrast barium enema (ACBE) as a 
CRC screening tool. Nonetheless, the data sug-
gest that the sensitivity of ACBE for polyps (both 
large and small) is limited  [  39,   40  ] . There is good 
evidence now indicating that CT colonography is 
more sensitive than ACBE, suggesting that this 
noninvasive modality might replace ACBE. 
ACBE does not permit removal of polyps or 
biopsy of cancers, and patients with an abnormal 
ACBE require subsequent colonoscopy.  

   Colonoscopy 

 In the USA, colonoscopy has become the most 
commonly recommended CRC screening test 
and is considered by many to be the gold-stan-
dard CRC screening modality. Although data 
directly examining whether primary screening 
colonoscopy reduces the incidence or mortality 
from CRC in average-risk persons is limited, 
some data support the effectiveness of screen-
ing colonoscopy  [  3,   41,   42  ] . Since detection of 
polyps and CRC by colonoscopy is as good, if 
not better than  fl exible sigmoidoscopy, it is 
likely that the data from the  fl exible sigmoidos-
copy screening studies is applicable to colonos-
copy. Further, colonoscopy appears to reduce 

the incidence of CRC in people with previous 
adenomatous polyps  [  43,   44  ] . A case–control 
study from Germany demonstrated that colonos-
copy in the preceding 10 years was associated 
with a 77% lower risk for the development of 
CRC (OR 0.23, 95% CI, 0.19–0.27)  [  42  ] . Risk 
reduction was prominent for all CRC stages and 
all ages, except for right-sided cancer in persons 
aged 50–59 years. Although hampered by a ret-
rospective, observational design with potential 
for residual confounding and selection bias, this 
study suggested that colonoscopy with polypec-
tomy reduces the risk for CRC. 

 The use of colonoscopy is controversial on a 
number of levels  [  45  ]  (Table  2.4 ). Although 
colonoscopy permits detection and removal of 
polyps and biopsy of cancer throughout the colon, 
it clearly involves greater cost, risk, and inconve-
nience to the patient than other screening tests, 
and not all examinations visualize the entire colon. 
Colonoscopy is also the most expensive screening 
modality. Two areas that appear to add cost include 
the use of anesthesia providers to perform seda-
tion  [  46  ]  and the current practice of biopsy/
removal of diminutive (1–5 mm) polyps  [  47  ] .  

 There have also been recent questions about 
the quality of colonoscopy; it is clear that not all 
colonoscopies are performed equally  [  41,   48, 
  49  ] . Use of colonoscopy as an effective screening 
modality requires performance of high-quality 
exams, and various metrics designed de fi ne ade-
quate colonoscopy practice such as intubation of 
the cecum, adenoma detection rates, bowel prep-
aration adequacy, and time required for scope 
withdrawal continue to be re fi ned  [  50  ] .   

   Table 2.4    Colonoscopy for CRC screening   

 Advantages  Disadvantages 

 Accurate  Typically requires sedation 
 Diagnostic 
and therapeutic 

 Highest complication rate 

 Large experience  Requires bowel 
preparation 

 May be comfortable  Expensive 
 Highly operator dependent 
 Inconvenient for patients 
 May be uncomfortable 
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   Surveillance (Follow-up CRC 
Screening) 

   Asymptomatic (No Previous Polyps 
or Cancer) 

 Recommendations for surveillance after an initial 
negative examination depend in large part on 
which screening examination was initially per-
formed  [  50  ] . For example, if FOBT was used ini-
tially, the recommendation is for follow-up with 
FOBT annually. If colonoscopy was the initial 
examination, the recommendation is for a 10-year 
follow-up. This recommendation has been 
derived largely empirically since there is little 
natural history data on either the development of 
adenomatous polyps or the time required for 
them to transform into cancer  [  50,   51  ] .  

   Previous Adenomatous Polyps 

 Since a personal history of CRC and/or adenoma-
tous polyps represents one of the most important 
risk factors for development of CRC, it is impera-
tive that once a patient has been found to have a 
CRC or adenomatous polyp, they should undergo 
programmatic and rigorous surveillance. 
Follow-up examinations accomplish two major 
goals. First, they can permit the detection and 
removal of polyps or masses missed on the initial 
examination. Second, they help determine 
whether the patient has a tendency to form new 
adenomas. Interestingly, it is believed that the 
major bene fi t of colonoscopy derives from the 
index polypectomy and that the follow-up 
colonoscopy may be bene fi cial primarily in those 
at highest risk for future advanced adenomas  [  50  ] . 
Thus, there is a critical need for strati fi cation of 
risk based on index lesions. 

 The appropriate interval between screening 
examinations for average-risk people (if the pre-
ceding examination is negative) remains an area 
of controversy  [  2,   51,   52  ] . Essentially all current 
programs recommend that surveillance be per-
formed with colonoscopy in those who have had 
adenomatous polyps  [  21,   50  ] . However, little 
work has been done in the area of the use of 

alternative means of surveillance. Importantly, 
many studies have revealed that interval screening 
with repeat colonoscopy is typically performed 
(inappropriately) too often  [  52–  55  ] . 

 Those with only one or two small adenomas at 
index (baseline) examination (typically colonos-
copy) appear to be at low risk for future develop-
ment of advanced adenomas  [  21,   43,   44,   50  ] . 
Those with large adenomas (greater than 1 cm), 
villous features, or multiple adenomas are at 
increased risk for future development of advanced 
adenomas and colorectal cancer  [  21,   50  ] . 
Follow-up colonoscopy after polypectomy (polyp 
removal) in patients with adenomatous polyps 
has been shown to reduce subsequent cancer inci-
dence  [  43,   44  ] . However, it is clear that the rate of 
developing adenomas after index colonoscopy 
and polypectomy is low  [  43,   44  ] . 

 A number of special surveillance circum-
stances exist. One has to do with patients who 
have a poor preparation at the time of initial 
colonoscopy. These patients should be handled 
on an individual basis and require judgment on 
the part of the colonoscopist. For example, if the 
colonoscopist cannot rule out the possibility of a 
large adenoma, then a repeat study is warranted 
sooner (e.g., within 1 year). If on the other hand, 
lesions larger than  fi ve millimeters can be 
excluded, it is reasonable for the patient to return 
to a standard surveillance program  [  50  ] . The 
other special situation is the patient with a large 
adenoma that may not have been removed 
entirely. These patients generally require a repeat 
exam within 3–6 months, particularly if the ade-
noma has advanced features. Finally, patients 
with a remote history of adenomatous polyps 
with an interval normal colonoscopy can usually 
have a repeat colonoscopic surveillance at a lon-
ger interval (5–10 years or perhaps even longer) 
 [  21,   50,   56  ] . 

 A summary of recommendations for follow-
up by the US Multi-society Task Force is shown 
in Table  2.5   [  21,   51  ] .   

   History of Colon Cancer 

 The incidence of CRC is increased after the 
index diagnosis (not including recurrence of the 
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original cancer)  [  21,   50,   56,   57  ] . Since these 
cancers presumably develop as a result of the 
adenoma–carcinoma sequence, surveillance 
should theoretically detect new polyps. It is rec-
ommended that patients with a CRC that have 
been resected (removed) for cure should have a 
full colonoscopy at the time of initial diagnosis 
to rule out synchronous neoplasms. If the colon 
is obstructed preoperatively, colonoscopy 
should be performed later, generally within 6 
months after surgery  [  21,   50,   56,   57  ] . In those 
who have undergone a curative cancer resec-
tion, follow-up colonoscopy should be offered 
after 3 years and then, if normal, every 5 years 
 [  21,   50,   56,   57  ] .   

   New Colon Cancer Screening 
Modalities 

   CT Colonography (Virtual Colonoscopy) 

 CT colonography is one of the newest modalities 
proposed as a method to screen the colon for can-
cer. It has a number of attractive features by 
which it should be considered a potentially 
important CRC screening examination (Table  2.6 ). 
Currently, the test requires a cleansing preparation 

of the colon but is otherwise noninvasive and 
does not appear to cause major complications. 
A limitation of the exam is that if abnormali-
ties are identi fi ed, subjects will require (thera-
peutic) colonoscopy. Additional chapters of 
this book will provide extensive details about 
CT colonography preparation, performance, and 
interpretation and thus are not described in fur-
ther detail here.   

   Fecal DNA 

 CRC is associated with several acquired genetic 
abnormalities that may be responsible for the 
transition from normal mucosa to polyp to can-
cer sequence. Since it is possible to recover ana-
lyzable human DNA from the stool, abnormalities 
can be detected. A number of studies have now 
demonstrated that neoplastic polyps and cancers 
can be detected by obtaining DNA samples from 
the stool (the sensitivity appears to be much 
greater for cancers than polyps)  [  58–  62  ] . 
However, at this point, whether fecal DNA test-
ing is better than FOBT with a highly sensitive 
FOBT remains controversial. In one study, 4,482 
average-risk adults underwent FOBT with 
Hemoccult and HemoccultSensa (Beckman 
Coulter, Fullerton, CA) on three stools and a 
 fi rst-generation fecal DNA marker test panel on 
one stool per patient  [  59  ] . The sensitivity for 
screen-relevant neoplasms was 20% by fecal 
DNA testing, 11% by Hemoccult ( P  = 0.020), 
and 21% by HemoccultSensa ( P  = 0.80), and the 
sensitivity for cancer plus high-grade dysplasia 
was the same among the different tests. Speci fi city 
was 98%, 96%, and 97%, respectively, for the 
three tests  [  59  ] . A second-generation fecal 
DNA test had greater sensitivity for both large 
adenomas and cancers. However, among patients 
with a normal colonoscopy, the positivity rate 
was 16% for the fecal DNA test, compared with 
4% with Hemoccult ( P  = 0.010) and 5% with 
HemoccultSensa ( P  = 0.030). Newer techniques 
are under active study, consistent with the belief 
that genetic abnormalities in precancerous and 
malignant lesions may be detected in the stool 
 [  58,   62  ] .  

   Table 2.5    Surveillance—adenomas   

 • Data strongly support role of surveillance 
 • The more advanced the lesion, the shorter the 

follow-up 
 • 3 or more adenomas or advanced histology (“high 

risk”)—follow-up colonoscopy in 3 years 
 • 1 or 2 small tubular adenomas (“low risk”)—

follow-up colonoscopy in 5–10 years 
 • Further follow-up depends on the  fi ndings 

   Table 2.6    CTC for CRC screening   

 Advantages  Disadvantages 

 Accurate  Diagnostic only 
 No sedation  Minimal overall experience 
 Safe  Requires bowel preparation 
 Convenient for patients  Highly operator dependent 
 May be comfortable  May be uncomfortable 
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   Capsule Endoscopy 

 One of the more controversial potential new tools 
with which to screen the colon is by capsule 
endoscopy  [  63–  69  ]  (Table  2.7 ). The colon cap-
sule operates in a similar fashion as the capsule 
swallowed for evaluation of the upper GI tract but 
has dual cameras, a total operating time of 
approximately 10 h, a delay mode (typically 2 h) 
to allow passage through small bowel, wide-angle 
optics, sensor array, and standard data recorder 
connected to the patient. It is capable of obtain-
ing high-quality images from within the colon 
and can detect polyps  [  63–  69  ] . Screening the 
colon of asymptomatic average-risk 50 year olds 
with capsule endoscopy is attractive, because it is 
likely to be extremely safe. However, a number 
of limitations exist, including the accuracy of the 
test and the fact that if abnormalities are identi fi ed, 
patients will require colonoscopy. An additional 
challenge for capsule endoscopy includes the 
technical issue related to timing of bowel prepa-
ration with the ingestion of the capsule. A com-
plete bowel preparation is required, and in 
addition, the capsule must be given soon after the 
completion of the bowel preparation so that it 
passes into the colon while cleansed.  

 Overall, the sensitivity for the detection of 
polyps with capsule endoscopy has been modest. 
In two meta-analyses, the sensitivity of the colon 
capsule for polyps of any size and signi fi cant 
 fi ndings was 71 and 73%, while the speci fi city 
for polyps of any size was 75 and 89%  [  68,   69  ] . 
While there was substantial heterogeneity in 
these studies—limiting robust conclusions—
these data suggest that capsule endoscopy will 
require further re fi nement. It is also noteworthy 
that capsule endoscopy identi fi ed 16 of the 21 

cancerous lesions detected by colonoscopy, a 
level of sensitivity that is probably too low to be 
considered acceptable  [  69  ] . Nonetheless, capsule 
endoscopy may be useful for certain select groups 
of patients such as those with medical conditions 
that make standard colonoscopy risky, those with 
previously incomplete colonoscopy, or patients 
not willing to undergo standard colonoscopy.  

   Serum Tests 

 The pathogenesis of CRC is complex and involves 
a number of different pathways and molecules. 
This complexity suggests that a number of differ-
ent cytokines or other molecules important in the 
pathogenesis of CRC could be measured, perhaps 
in blood. Advances in proteomics have further 
helped inform this process. While serum levels of 
carcinoembryonic antigen appear to exhibit a 
relatively low sensitivity and speci fi city in early 
disease, other cytokines, growth factors, and pro-
teins such as IL-8, vascular endothelial growth 
factor (VEGF), complement C3a des-arg, alpha1-
antitrypsin, and transferrin may offer greater sen-
sitivity  [  70–  73  ] . Additional work in this area is 
expected, and in particular, a focus on multiplex 
arrays may prove bene fi cial.   

   Summary 

 CRC is a major cause of morbidity and mortality 
in the USA and is largely preventable. Extensive 
work has been done in the area of development of 
tests and in their deployment, but a major issue 
contributing to low CRC screening rates in the 
USA continues to be the unwillingness of a siz-
able population to accept the costs, processes, dis-
comforts, and risks of some of these tests. Multiple 
different and effective screening options exist, but 
programmatic implementation of these modali-
ties continues to be the exception rather than the 
rule. Clearly increased patient and provider aware-
ness of the importance and options available for 
CRC screening is needed, as well as the continued 
efforts to develop additional accurate, acceptable, 
safe, and cost-effective screening tests.  

   Table 2.7    Colon capsule for CRC screening   

 Advantages  Disadvantages 

 Safe  Diagnostic only 
 No sedation  Requires bowel preparation 
 No discomfort  Requires specialized capsule 
 Likely convenient  May be operator dependent 

 Minimal overall experience 
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   Key Points 

     1.    Colon cancer is an important, preventable 
cancer for which screening is important.  

    2.    Colon cancer screening levels are not optimal in 
the USA; thus, new and better approaches than 
those currently commonly used are needed.  

    3.    There are multiple risk factors for colon can-
cer, and screening should take into account 
these risk factors.  

    4.    Screening should be offered to all healthy 
average-risk persons over the age of 50.  

    5.    The most commonly used colon cancer modal-
ity in the USA is currently colonoscopy.  

    6.    Colonoscopy as a primary colon cancer 
screening modality is associated with a num-
ber of issues, including its cost and safety.  

    7.    Newer approaches including CT colonogra-
phy, fecal DNA, and capsule endoscopy hold 
promise and require further evaluation and 
consideration as screening tests.  

    8.    Regardless of which test is recommended, 
physicians should actively urge patients to 
undergo screening.          
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         Introduction 

 Computed tomography (CT) following laxative 
cleansing and gaseous insuf fl ation was  fi rst 
described for imaging the colorectum in the mid-
1980s  [  1  ] . However, the technique did not gain 
widespread recognition until 1994 when advances 
in computer technology enabled Vining et al.  [  2  ]  
to demonstrate the feasibility of using volumetric 
CT data to generate a three-dimensional, endolu-
minal reconstruction—“virtual colonoscopy”. 
Since then, research relating to CT colonography 
(CTC) has continued apace, developing its imple-
mentation, interpretation and diagnostic perfor-
mance. Consequently, CTC has grown from a 
novel technique practised in a handful of special-
ist academic centres to one that has widely 
surpassed the barium enema as the preferred 
colorectal imaging modality in radiological 
departments. This chapter charts the evolution of 
CTC over the last 17 years, focusing in particular 
on research that has shaped current practice.  

   The Fall of Double-Contrast Barium 
Enema 

 For many years, the double-contrast barium 
enema (DCBE) was the preferred radiologic 
investigation for suspected colorectal cancer 
(CRC) or adenomatous polyps (Fig.  3.1 ). 
Comparative studies showed reasonable diagnos-
tic accuracy compared to the gold standard, opti-
cal colonoscopy (OC), with a sensitivity for 
detecting cancer or large polyps in excess of 80% 
 [  3,   4  ] . However, by the turn of the century, evi-
dence was accumulating that barium enema inter-
pretation was deteriorating  [  5  ]  and that accuracy 
was considerably lower than previously believed 
 [  6  ] . The turning point came in 2000 when the 
National Polyp Study  [  7  ]  found a sensitivity of 
48% for polyps larger than 1 cm prompting an 
accompanying editorial to suggest that double-
contrast barium enema was no longer suitable for 
colorectal screening  [  8  ] . Despite opposition from 
the radiological community  [  9  ] , no hard evidence 
has emerged since to refute these claims.   

   The Rise of Multi-detector Helical CT 

 Around this time, while barium enema was fall-
ing out of favour, CT was enjoying a renaissance 
as a result of the potential offered by helical and, 
later, multi-detector machines. The potential to 
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acquire volumetric data within one breath-hold 
stimulated research interest in abdomino-pelvic 
CT. For example, while seeking an alternative to 
barium enema in frail, elderly patients, researchers 
from Cambridge, UK, found CT could be used to 
demonstrate colorectal cancer, particularly after 
administering dilute oral contrast  [  10,   11  ] . 
Therefore, it was not long before established 
barium enema techniques such as bowel cathar-
sis, spasmolysis and gaseous insuf fl ation were 
applied to CT (Fig.  3.2 ); UK researchers named 

the resulting procedure, “CT pneumocolon”—a 
term which remains in use sporadically  [  12  ] . 
Although related research continued in specialist 
academic centres, barium enema was well estab-
lished in daily practice and remained the main-
stay of radiologic colonic investigation for several 
years.   

   The Birth of Virtual Colonoscopy 

 By 1994, the radiology community eagerly 
awaited a technique that could exploit the latest 
CT technology to improve upon barium enema 
and provide a viable imaging alternative for col-
orectal screening. Thus, the scene was set for a 
celebrated presentation at the 23rd Annual 
Meeting of the Society of Gastrointestinal 
Radiologists where Vining et al. introduced “vir-
tual colonoscopy” presenting an endoluminal 
 fl ythrough video set to Wagner’s “Flight of the 
Valkyries”. The subsequent publication  [  2  ]  is 
widely regarded as the earliest description of CT 
colonography (Fig.  3.3 ).   

  Fig. 3.1    Single oblique, magni fi ed projection from a 
double-contrast barium enema examination. This opti-
mally prepared examination demonstrates a 6-mm sig-
moid polyp with a central depression ( arrow )       

  Fig. 3.2    Axial CT following full bowel catharsis, spas-
molysis and carbon dioxide insuf fl ation. Note the use of 
oral contrast to “tag” residual colonic content ( arrow ) and 
that intravenous contrast has been administered. Extensive 
research has taken place over recent years to optimise 
technical implementation       

  Fig. 3.3    Endoluminal CT colonography viewed from the 
caecum. Note the normal ileocaecal valve ( arrow ). 
Although “virtual colonoscopy” initially required many 
hours of painstaking rendering, three-dimensional repre-
sentations can be obtained almost immediately on most 
modern workstations       
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   Optimising Technical Implementation 

 Although “virtual colonoscopy” subsequently 
gained international exposure, access to computer 
technology capable of endoluminal reconstruc-
tion was limited and, where available, processing 
remained time-consuming. Therefore, initial 
research focused on two-dimensional interpreta-
tion  [  12,   13  ]  which could be carried out on a 
regular workstation directly after image acquisi-
tion. Moreover, it soon became apparent that 
technical implementation needed re fi nement 
before CTC’s full potential could be realised. 
Consequently, research groups formed and pub-
lished the initial groundwork, which is largely 
responsible for today’s CTC implementation. For 
example, initial research demonstrated that per-
forming scans with the patient prone and supine 
(Fig.  3.4a, b ) could improve overall colonic dis-
tension  [  14  ]  and that insuf fl ation with CO 

2
  was 

superior to room air  [  15  ] . Nevertheless, research 
was less conclusive regarding the use of intrave-
nous contrast  [  16  ] , spasmolytics  [  17,   18  ]  and 
bowel preparations  [  19  ] . Furthermore, early 
attempts at “tagging” residual stool using oral 
barium or iodine gave con fl icting results, with 
some groups  fi nding improved sensitivity with 
tagging  [  20  ] , while others found it less helpful 
 [  21  ] . Moreover, these studies initiated the quest 
for “prepless” CTC  [  22  ]  which remains a current 
goal for many researchers in the  fi eld.  

 Another concern since the outset of CTC 
development and implementation has been the 
anticipated increase in diagnostic radiation expo-
sure compared to barium enema, a factor that 
continues to raise concerns today. Initial research 
employing phantom models  [  23–  25  ]  was instru-
mental in optimising scanning parameters. Low-
dose protocols exploiting the intrinsic contrast 
between soft tissue and gas were introduced with 
promising results  [  26  ] . Nevertheless, once indi-
vidual research groups had settled upon suitable 
preparation and scanning parameters, it was not 
long before researchers began to perform CTC on 
patients with colonoscopic abnormalities to com-
pare appearances of various colorectal lesions 
 [  27,   28  ] . Having demonstrated feasibility  [  29  ] , 
early observational studies rapidly ensued to 
establish the ef fi cacy of this new technique.  

   Exploratory Reader Studies 

 Initial studies used small retrospective samples of 
high-risk patients undergoing colonoscopy. For 
example, Royster et al.  [  30  ]  studied 20 high-risk 
patients and found all colonic masses (>2 cm) 
and 12 of 15 polyps (>6 mm). Similarly, Dachman 
et al. performed CTC in 44 high-risk patients  [  31  ]  
achieving a per-polyp sensitivity of 83 and 100% 
for two observers compared to the colonoscopic 
reference standard. Ferrucci’s group was also 
instrumental in providing these initial performance 

  Fig. 3.4    ( a ) Supine, axial CT colonography. The lumen 
is collapsed around the rectal insuf fl ation catheter ( arrow ). 
( b ) The same patient was re-examined in the prone 

position. Note the improved rectal distension has revealed 
irregular mural thickening ( arrow ); colonoscopy 
con fi rmed a 35-mm  fl at carcinoma       
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data from small, high prevalence cohorts  [  29,   30  ] . 
However, while good sensitivity was demon-
strated, a prospective trial was needed, preferably 
without such high disease prevalence. This was 
provided in 1997 by Hara et al.  [  32  ]  who com-
pared 70 patients undergoing CTC to routine 
abdomino-pelvic CT or colonoscopy. Two 
observers read the cases, and each achieved 75% 
sensitivity and 90% speci fi city for polyps 10 mm 
or larger. Furthermore, this was the  fi rst study to 
demonstrate superiority over regular CT, which 
obtained a sensitivity of 58% for polyps >10 mm. 
Interestingly, patients were scanned only in the 
supine position, illustrating that consensus had 
not been reached regarding even the most funda-
mental elements of CTC implementation. Indeed, 
it was seven years before convincing research by 
Yee et al. closed the debate on the value of prone 
and supine acquisitions  [  33  ] .  

   New Meeting, New Name 

 By the late 1990s, several research groups were 
independently pioneering this new technique, 
and in October 1998, key researchers arranged 
the  fi rst international meeting dedicated to 
CTC. The International Symposium on Virtual 
Colonoscopy in Boston remains the premier con-
gress for researchers in the  fi eld today  [  34  ] . It is 
also worthy to note that many opinion leaders in 
CTC research at this time were gastroenterolo-
gists. Later that year, the community settled on 
“CT colonography” as the accepted scienti fi c ter-
minology  [  35  ] . Although other descriptive terms 
such as “CT coloscopy”, “CT pneumocolon” and 
“virtual endoscopy” were subsequently aban-
doned, “virtual colonoscopy” remains in wide-
spread use, likely because the terminology is 
readily understood by the public.  

   International Interest 

 The following year, international interest was 
raised considerably by an article published in the 
New England Journal of Medicine led by Dr 
Helen Fenlon  [  36  ] , an Irish radiologist undertaking 

a fellowship with Dr Joseph Ferrucci in Chicago. 
This prospective trial of 100 high-risk patients 
(49 with endoscopically proven colorectal neo-
plasia, 51 with negative colonoscopy) was the 
largest to date and utilised “state-of-the-art” tech-
nique. For example, interpretation used both 2D 
and 3D assessment in all patients—a factor some 
considered instrumental in achieving excellent 
performance. CTC achieved a sensitivity of 100% 
for cancer, 91% for polyps 10 mm or larger and 
82% for polyps 6–9 mm in diameter. On a per-
patient basis, a 10-mm threshold would have 
resulted in 96% sensitivity and 96% speci fi city. 

 Until this time, CT colonography develop-
ment had been con fi ned almost exclusively to 
North America. However, publication of 
Fenlon’s work stimulated considerable world-
wide interest; within a few months, the British 
Medical Journal commissioned a review of the 
technique  [  37  ] . Moreover, several other 
European radiologists on fellowships in the 
USA returned home and introduced CT colonog-
raphy to their practice. Subsequently, European 
research groups formed and began conducting 
their own studies.  

   Early Research from Europe 

 European studies initially focused on the techni-
cal aspects of CTC, such as optimization of 
acquisition parameters  [  15,   25,   38,   39  ] , bowel 
preparation  [  40–  42  ] , effect of spasmolytics and 
rectal catheter type  [  18,   43  ] . European research-
ers were also early to recognise that radiation 
concerns could hinder CTC uptake and investi-
gated reduced-dose techniques  [  44,   45  ] . 

 On the surface, repeating this groundwork 
may appear super fl uous, yet it was necessary due 
to Europe’s differing legislation, regulation and 
patient case-mix. For example, in the UK, hyos-
cine butylbromide is licensed for diagnostic spas-
molysis, and researchers soon showed it improved 
distension during CTC  [  43  ] . In addition, European 
studies have paid particular attention to patient 
acceptability  [  46–  50  ] , particularly by reducing or 
avoiding cathartic bowel preparation  [  22,   51  ] . 
Around this time, European CTC researchers 
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began to collaborate with their neighbours via 
the European Society of Gastrointestinal and 
Abdominal Radiology (ESGAR). 

 In 2003, research leads from the UK (Halligan, 
Taylor, Frost, Breen), Italy (Laghi), Belgium 
(Lefere) and the Netherlands (Stoker) established 
the ESGAR CTC committee and initiated train-
ing workshops. The committee has since 
expanded and has been instrumental in promot-
ing pan-European academic collaboration and 
training. Subsequently, ESGAR has actively 
facilitated CTC research and has funded several 
multicentre studies  [  52–  54  ] . 

 Above all, the most striking international dif-
ference in CTC research has related to the patients 
studied; the focus in the US has traditionally been 
establishing a viable screening tool, while 
European radiologic colorectal investigations 
have been reserved for symptomatic patients 
(Fig.  3.5a, b ). Inevitably, CTC research 
speci fi cally investigating patients at increased 
colorectal cancer risk soon followed  [  47,   55–  58  ] . 
However, European researchers also recognised 
that the vast majority of published studies from 
the USA had actually examined symptomatic 
patients (although the emphasis was directed 
towards a role for screening when data were 
interpreted). ESGAR funded a systematic review 
and meta-analysis which established CTC had a 
high sensitivity for diagnosis of symptomatic 
colorectal cancer  [  59  ]  and paved the way for 
CTC implementation in Europe.   

   The First Large Multicentre Trials 

 While European research was gathering momen-
tum, additional prospective trials in the USA con-
tinued to demonstrate good sensitivity for large 
polyp detection  [  60,   61  ] . However, 2003 saw the 
publication of one of the largest and most 
in fl uential studies in CTC’s history, Dr Perry 
Pickhardt’s Department of Defence (DoD) trial 
 [  62  ] . This 3-centre prospective study of 1,233 
asymptomatic, average-risk adults compared 
CTC against the enhanced reference standard of 
“unblinded colonoscopy”. Most prior studies had 
been potentially subject to veri fi cation bias due to 
an imperfect gold standard (i.e. a polyp seen on 
CTC and not subsequently identi fi ed by colonos-
copy would be considered a CTC false positive 
but potentially could in reality represent a colono-
scopic false negative). The DoD study “unblinded” 
the colonoscopist to CTC  fi ndings once they had 
completed their segmental analysis, to allow re-
evaluation of each colonic segment in the light of 
CTC  fi ndings. Another state-of-the-art technique 
was primary 3D endoluminal reading in all cases; 
again, most studies thus far had used 3D for prob-
lem-solving only. CTC achieved sensitivities of 
94% and 89% for polyps at least 10 mm and 
6 mm, respectively. Using the same thresholds, 
optical colonoscopy’s sensitivity was 88% and 
92%. However, these data were confounded by 
the publication of  fi ndings from the American 

  Fig. 3.5    2D coronal ( a ) and 3D endoluminal CT colonog-
raphy ( b ) at the level of the mid-rectum. Although the 
emphasis of early research focused upon polyp detection 

in screening populations, CTC can be used to detect pol-
yps or invasive cancer in symptomatic patients. Here, a 
large annular carcinoma ( arrow ) is clearly demonstrated       
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College of Radiology Imaging Network (ACRIN) 
National CT colonography trial  [  63  ]  led by Dr 
Daniel Johnston. Johnson et al. studied 703 
higher-than-average-risk and asymptomatic 
patients who underwent CT colonography fol-
lowed by same-day colonoscopy. Results were 
disappointing with large intra-observer variabil-
ity and sensitivities for detecting large polyps of 
only 34%, 32% and 73%, for three experienced 
readers. The following year, Cotton et al.  [  64  ]  
published further disappointing results in a multi-
centre study which examined 615 patients under-
going CTC and same-day, unblinded colonoscopy. 
CTC had a sensitivity of 55% for polyps at least 
10 mm in size, compared to 99% for colonos-
copy. Furthermore, CTC missed two of eight can-
cers. Finally, in 2005, Rockey et al.  [  65  ]  obtained 
similar results to Cotton in a prospective evalua-
tion of high-risk patients: CTC achieved a sensi-
tivity of only 59% for polyps of 10 mm or larger 
compared to 99% for colonoscopy. 

 The reasons for these con fl icting results were 
debated  fi ercely. Overall, the success of the 
DoD trial was attributed to well-trained, experi-
enced observers using primary 3D interpreta-
tion of  fl uid-tagged cases. In any event, these 
discrepant results highlighted the need for 
and prompted the development of clearly 
de fi ned standards for both implementation and 
interpretation.  

   International Consensus on CTC 
Implementation 

 On the background of these results, discussion at 
the 2005 annual Boston VC symposium led to the 
development of the  fi rst international CTC stan-
dards document. Barish et al.  [  66  ]  surveyed 31 
key opinion leaders’ attitudes to cathartic prepa-
ration, faecal tagging, prone and supine position-
ing, intravenous contrast, scanning parameters, 
spasmolytics, optimal reading paradigm and 
polyp threshold size. The results were collated, 
sent to respondents for approval and a consensus 
statement published. At around the same time, 
Zalis et al. published the CRADS system for CTC 
reporting  [  67  ] , and shortly thereafter, ESGAR 

commissioned its own consensus statement to 
address issues speci fi c to Europe  [  68  ] . 

 It is important to note at this juncture that in 
2006, the American Gastroenterological 
Association (AGA) Institute released a position 
statement  [  69  ] , aimed primarily at gastroenterol-
ogists with an interest in reporting CTC. 
Disappointingly, the ensuing controversy pro-
vided clear evidence of an evolving “turf battle” 
between specialities which is beyond the scope of 
this chapter, but has doubtlessly shaped the direc-
tion of research and its interpretation in recent 
years. Therefore, it is encouraging to note that the 
most recent guidelines from the  International 
Collaboration for CT   Colonography Standards  
have been developed in direct collaboration 
between a radiologist, Dr David Burling, and the 
UK National Lead for Endoscopy Services, 
Dr Roland Valori, supported by an extensive 
multidisciplinary team  [  70  ] .  

   Ongoing Research Themes 

 By 2005, comparative trials and meta-analyses 
had suggested that CTC could achieve a sensitiv-
ity approaching that of colonoscopy for large 
polyps, and the technique was starting to gain 
acceptance outside academic environments  [  71  ] . 
Furthermore, publication of consensus guidelines 
shifted the research focus away from technical 
implementation and towards several discrete 
themes: training, reading technique, computer-
aided detection, patient experience and reducing 
bowel preparation. These topics are covered in 
greater detail elsewhere in this volume but major 
milestones are described brie fl y below.  

   Training, Validation and Audit 

 It is unsurprising, given limited experience, that 
some of the earliest CTC performance studies 
suggested a learning curve for this novel tech-
nique. For example, Spinzi et al.  [  72  ]  studied a 
random selection of 96 patients having CTC fol-
lowed by colonoscopy and failed to detect  fi ve 
out of six polyps during review of the  fi rst 25 
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cases, with a resulting sensitivity of just 32%. 
However, by the  fi nal 20 cases, a far more satis-
factory sensitivity of 92% was obtained. The 
authors openly attributed early perceptive errors 
to inexperience. In 2005, an editorial by Soto 
et al.  [  73  ]  discussed the available evidence and 
concluded a variable learning curve exists for all 
readers and that many readers may never achieve 
satisfactory performance regardless of training. 
Nevertheless, the nature of the learning curve 
remains elusive, as does the optimal training pro-
gramme. For example, an early study of three 
radiologists of differing general experience 
revealed interesting results; performance varied 
considerably, and one observer actually deterio-
rated after training  [  74  ] . The authors extended 
this work to a multicentre European setting, 
funded by ESGAR, investigating the effect of 
administering a directed training schedule of 50 
cases to novice readers and then comparing their 
performance to that of experienced observers. 
Again, the authors found that there was consider-
able variation and that competence could not be 
assumed after training. Moreover, the perfor-
mance of some experienced readers was far from 
“expert”  [  52  ] . Therefore, the precise mechanism 
and minimal level of training required to ensure 
safe practice remains elusive. 

 Guidelines from The American College of 
Radiology  [  75  ] , the American Gastroenterological 
Association Institute  [  76  ]  and the International 
Collaboration for CT Colonography Standards 
 [  70  ]  have all recommended individual training 
with exposure to a range of endoscopically vali-
dated pathology. Hands-on training workshops are 
now well established to meet this need; ESGAR 
CTC courses have trained over 1,000 radiologists 
worldwide  [  77  ] , while in the USA, the Society of 
Gastrointestinal Radiologists, American Roentgen 
Ray Society and International Symposium on 
Virtual Colonoscopy all offer validated hands-on 
workshops. However, at present, training uptake 
remains worryingly low: A recent survey of 
European CTC workshop participants  [  77  ]  showed 
that 69% of respondents had been interpreting 
CTC in daily practice despite having no previous 
hands-on training and limited experience. 

 In any event, satisfying recommended levels 
of experience and training does not ensure diag-
nostic competence. For example, despite either 
completing a 1.5-day training course or reading 
over 500 cases, more than half of would-be 
observers in the ACRIN II study  [  78  ]  failed to 
meet the basic entry requirements for the trial 
(90% sensitivity for polyps >1 cm over 50 
cases). These data continue to raise serious 
concerns regarding generalisability to daily 
practice and reinforce the need for ongoing 
assessment. 

 Furthermore, once outside of a research envi-
ronment, assessment of CTC performance 
becomes more challenging, not least because it is 
impossible in most cases to compare against a 
reference standard. To address this, in 2009, the 
American College of Radiology recommended 
quality metrics including complication rates, the 
proportion of technically inadequate studies and 
signi fi cant extracolonic  fi ndings (Fig.  3.6 ) to 
establish benchmarks against which departments 
can audit their performance  [  75  ] . Given the het-
erogeneous response to training, it is likely that 
only ongoing performance review will enable 
readers to ascertain their  fi tness to practise the 
technique.   

  Fig. 3.6    Coronal CT colonography. Note the calci fi ed, 
ectatic abdominal aorta ( arrow ) detected incidentally on 
this unenhanced CTC examination. The potential impact 
of these serendipitous extracolonic detections has become 
the subject of extensive debate       
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   Optimal Reading Method 

 It is dif fi cult to speculate about what would have 
become of CT colonography without the advent 
of three-dimensional (3D) endoluminal recon-
structions; “virtual colonoscopy” sparked medi-
cal and media interest in a technique that had 
remained quiescent for several years. However, 
many researchers with neither the time nor 
resources to generate 3D reconstructions initially 
capitalised on this renewed attention by perform-
ing research using a two-dimensional reading 
approach. 

 Nevertheless, computer hardware developed 
very rapidly, and it was not long before worksta-
tions capable of endoluminal reconstruction were 
readily available (albeit rather expensively), and 
debate surrounding the relative bene fi ts of two 
and three-dimensional reading has existed ever 
since. The explanation for this revolves primarily 
around reading time: even once resource-inten-
sive 3D reconstructions could be generated rap-
idly, studies soon con fi rmed what many 
researchers already suspected—primary 3D read-
ing was considerably slower than 2D interpreta-
tion  [  79  ] . Indeed, as early as 1998, Dachman 
et al. had suggested using a compromise of 2D 
images for the primary read while reserving 
endoluminal views for “problem-solving”  [  31  ] ; 
this reading paradigm remains the most widely 
employed to this day  [  77  ] . 

 Nevertheless, studies by Fenlon et al.  [  36  ]  and 
Pickhardt et al.  [  62  ]  which used 3D interpretation 
prompted some authors to claim that primary 
three-dimensional interpretation was responsible 
for the impressive sensitivity in these trials. 
Furthermore, the inadequacy of 2D reading pro-
vided a convenient explanation for the poor per-
formance achieved by Johnson et al.  [  63  ] , Cotton 
et al.  [  64  ]  and Rockey et al.  [  65  ]  around the same 
time. In 2005, the majority of key opinion leaders 
were familiar with 2D interpretation and, given the 
considerable differences that existed between soft-
ware platforms  [  80  ] , the International Consensus 
Statement recommended 2D reading  [  66  ] . 

 However, before long, most software plat-
forms were considered equivalent, and by the time 

the ACRIN II protocol was designed, readers 
were encouraged to read cases using the tech-
nique with which they were most familiar. 
Subgroup analysis showed no signi fi cant differ-
ence in performance between reading paradigms 
 [  78  ] , and recent consensus guidelines do not 
favour one method over another  [  70  ] . This debate 
subsequently subsided, and the matter has largely 
become one of personal preference  [  81  ] .  

   Computer-Aided Detection 

 The time-consuming, laborious nature of inter-
pretation, together with the well-documented 
problems of perceptive error, makes CTC an ideal 
candidate for computer-aided detection (CAD). 
Indeed, development and validation of CAD 
algorithms began in tandem with the early 
observer studies outlined above (Fig.  3.7 ). 
In 2000, Summers et al. reported one of the  fi rst 
documented CTC CAD systems by applying a 
prototype system developed for “virtual bron-
choscopy” to arti fi cially generated polyps in CTC 
data sets  [  82  ] . The following year, the same group 
published a preliminary validation study using 20 
patients with 50 endoscopically proven polyps 
and achieved a sensitivity of 64% for polyps 

  Fig. 3.7    Endoluminal CT colonography with computer-
aided detection. The CAD prompt ( arrow ) correctly 
directs the reader to a 6-mm sessile polyp       
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10 mm or larger  [  83  ] . These cases were optimally 
prepared, but nonetheless, the sensitivity was 
comparable with many human readers at that 
time. Within months, Yoshida and Nappi vali-
dated a separate CAD system with 43 endoscopi-
cally con fi rmed cases and achieved comparable 
results  [  84  ] .  

 By now, CAD was well established for assist-
ing mammographic interpretation. yet research 
from this  fi eld suggested that unless a CAD sys-
tem could achieve near-perfect sensitivity, its role 
would remain one of alerting the reader to poten-
tially missed regions (i.e. “second-reader” CAD) 
rather than acting autonomously (“ fi rst-reader 
CAD”). The  fi rst study to explore potential “sec-
ond-reader” interaction also came from Summers’ 
group who applied CAD to the results of an 
observer study in which readers had relatively 
poor sensitivity (48% for polyps >10 mm). CAD 
detected four large polyps out of 13 which had 
not been reported by human readers, allowing the 
authors to infer that CAD could potentially 
increase reader sensitivity by alerting them to 
polyps which they had missed during their unas-
sisted read  [  85  ] . 

 However, despite the clinical relevance of 
observer studies for assessing the incremental 
bene fi t of CAD, they are time-consuming and 
expensive. Therefore, the algorithm’s standalone 
performance is usually used as a surrogate to 
gauge its potential impact on interpretative accu-
racy. Consequently, several studies of unassisted 
CAD performance have been published in recent 
years, their size re fl ecting the ever-increasing 
availability of algorithms and endoscopically 
validated data. For example, a screening cohort 
of 1,186 well-characterised data sets, all of which 
had undergone unblinded colonoscopy, was used 
to test standalone CAD performance  [  86  ]  and 
achieved a sensitivity of 89% for polyps >1 cm 
and, on average, 2.1 false-positive detections per 
patient. 

 Excellent standalone performance does not 
necessarily translate into equivalent levels of 
diagnostic accuracy when integrated with radiol-
ogist interpretation in clinical practice. There are 
likely two main reasons for this: readers may be 
misled by false-positive CAD prompts, reducing 

their speci fi city, or they may incorrectly classify 
a true positive CAD prompt as false negative, 
reducing potential gains in sensitivity. Taylor 
et al. examined 111 polyps that had been incor-
rectly dismissed by radiologists in previous stud-
ies, despite appropriate CAD prompting  [  87  ] , 
and found large polyps with atypical appearances 
were incorrectly disregarded. Furthermore, the 
optimal reading paradigm for integrating CAD 
into work fl ow is yet to be established  [  88  ] . 

 Ultimately, the most realistic estimates of how 
CAD may improve clinical practice require expe-
rienced readers to interpret cases with and with-
out CAD assistance. Recently, two groups have 
published multi-reader, multi-case studies  [  89,   90  ] . 
These are the largest CAD reader studies to date 
and concur that second-read CAD would be 
bene fi cial if used in clinical practice.  

   Patient Experience 

 Although early diagnosis and removal of 
adenomatous polyps can signi fi cantly reduce 
colorectal cancer mortality  [  91  ] , only 50–60% of 
eligible patients in the USA attend colorectal 
screening  [  92  ] . The reasons for this are complex 
but inconvenience, embarrassment, discomfort 
and safety concerns are all likely to contribute. 
Given that patients may intuitively expect “vir-
tual colonoscopy” to be less invasive than other 
whole-colon tests, high hopes exist that a CTC 
screening programme could increase compliance. 
Consequently, recent years have seen consider-
able efforts to compare patient preferences for 
CTC, colonoscopy and barium enema. 

 Early questionnaire surveys  [  46,   50  ]  compar-
ing the attitudes of patients who had undergone 
both CTC and colonoscopy found the majority 
favoured CTC. Subsequently, more elaborate 
studies also suggested patients would prefer sub-
sequent investigation with CTC rather than 
colonoscopy  [  93  ]  or barium enema  [  47  ] . However, 
in common with diagnostic performance studies 
conducted at the time, research relating to patient 
preference was rapidly evolving from small, 
high-risk cohorts to large screening populations. 
Therefore, in 2003, Glueker et al. published a 
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large prospective study of asymptomatic individ-
uals  [  49  ] ; 696 patients scheduled to undergo 
colonoscopy and 617 patients due to have barium 
enema were offered additional CTC. Patients 
completed questionnaires exploring their atti-
tudes to inconvenience, discomfort, preparation, 
willingness to repeat examinations and examina-
tion preference. Overall, patients preferred CTC 
to colonoscopy (72% vs. 5%) and to barium 
enema (97% vs. 0.4%). Moreover, regardless of 
the modality, the majority of patients found bowel 
preparation uncomfortable and inconvenient. 

 However, most patient preference surveys thus 
far had been led by a radiologist with an interest 
in CTC (often without gastroenterologist co-
authors) which prompted some accusations of 
bias. Studies led by gastroenterologists found 
that CTC failed to offer any advantage over 
colonoscopy among their patient group  [  64  ] . 
Consequently, multidisciplinary research has 
been considered essential for ensuring patients’ 
views are fairly represented and for the results to 
be considered unbiased. For example, in 2005, a 
study by van Gelder  [  94  ] , working with health 
psychologists and gastroenterologists, obtained 
interesting results: while patients initially pre-
ferred CTC to colonoscopy, this was no longer 
the case after a 5-week interval. The authors sug-
gested that once short-term concerns such as pain 
and inconvenience had subsided, long-term con-
siderations such as test accuracy became more 
in fl uential. Moreover, a recent qualitative study 
has suggested that patients may be willing to 
trade considerable discomfort for very modest 
increases in sensitivity  [  95  ] , yet no preference 
survey to date has provided patients with any 
diagnostic performance information. 

 In any event, the rationale for comparing CTC 
to colonoscopy is questionable; patients with 
positive or equivocal  fi ndings will continue to 
need therapeutic colonoscopy regardless. 
Therefore, stimulated by the CTC cost-effective-
ness debate, research focus has returned to the 
original question: the potential effect of CTC on 
screening uptake. Recently, a questionnaire sur-
vey of 250 asymptomatic, average-risk patients 
undergoing CTC showed that 36% would have 
forgone screening altogether had CTC been 

unavailable  [  96  ] . However, again, the result must 
be interpreted with caution; the respondents had 
made a decision to undergo CTC, and conse-
quently, their attitudes are unlikely to re fl ect 
those of patients who choose not to attend col-
orectal cancer screening by any test. Despite 
these limitations, all the studies to date concur 
that CTC is generally well tolerated and that 
reducing the burden of bowel preparation is likely 
to improve patient experience.  

   Optimising Bowel Preparation 

 Although a certain degree of overlap exists with 
patient acceptability research, studies investigat-
ing reduced bowel preparation have a somewhat 
different emphasis: although reducing the laxa-
tive burden during CTC preparation may improve 
the experience, ensuring comparable sensitivity 
with full laxative preparations is the primary 
concern. 

 Initially, bowel preparation prior to CTC 
re fl ected that used for barium enema or colonos-
copy. Although this varied from one institution to 
the next, as a general rule, laxative “wet” prepa-
rations involving four or more pints of polyethyl-
ene glycol (PEG) were favoured in the USA, 
while “dry” preparations based around sodium 
picosulfate were preferred in Europe. However, it 
soon became apparent that residual faecal  fl uid 
and residue represented a barrier to diagnosis, 
and researchers began to investigate alternative 
preparations. An early study con fi rmed picosul-
fate resulted in less residue than PEG  [  19  ] , while 
others found drinking large volumes of PEG was 
considered by some patients worse than the 
resulting diarrhoea  [  97  ] . Subsequently, dryer 
preparations replaced PEG in many US centres. 

 While studies continued to compare the qual-
ity of various laxative regimens  [  42  ] , a small 
number of researchers directed their efforts on 
avoiding catharsis altogether. The  fi rst study sug-
gesting adequate performance could be achieved 
by a non-laxative CTC was published in 2001  [  22  ] , 
and since then, a limited number of studies have 
continued to produce impressive results  [  51,   98,   99  ] . 
Despite the obvious attraction of prepless CTC, 
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it remains unpopular with readers who favour a 
3D approach, and despite considerable research, 
stool tagging often remains incomplete. 
Nevertheless, it is likely that early research on 
laxative-free preparation was responsible for the 
introduction of positive oral contrast faecal tag-
ging during full-preparation CTC  [  100  ] . From 
experience with barium enema, colonoscopy was 
considered unsatisfactory in the presence of 
colonic barium, so to enable same-day colonos-
copy, oral iodine solutions were included in the 
DoD  [  62  ]  and ACRIN  [  78  ]  study protocols. Given 
the performance demonstrated by these studies, 
full colonic cleansing coupled with iodine solu-
tions is generally regarded as the “gold standard” 
 [  70  ]  (Fig.  3.8 ). However, it is important to note 
that oral iodine solutions act as a strong laxative 
in its own right and in combination with full 
catharsis may give a rather harsh preparation. 
Nevertheless, iodine solution’s laxative proper-
ties have been used to advantage by several 
groups for designing new regimens: These so-
called “reduced preparation” techniques have 
proved particularly popular in Europe where 

CTC is mainly used to investigate symptomatic 
patients  [  48,   101–  103  ] . However, in common 
with non-laxative preparations, the main obstacle 
to reduced preparation is the dif fi culty in reading 
3D endoluminal CTC in the presence of residual 
 fl uid. Therefore, the development of “digital 
cleansing”  [  20,   98  ]  has undoubtedly made 
reduced preparation CTC a realistic compromise 
between diagnostic performance and tolerability. 
Recently, Nagata et al.  [  104  ]  published the most 
convincing evidence to date that full preparation 
is no longer required: 101 consecutive high-risk 
patients scheduled to undergo CTC were alter-
nately assigned to either full or minimal prepara-
tion. Reduced bowel preparation CTC achieved a 
comparable, high sensitivity for detecting polyps 
6 mm or larger (88% compared to 97% for the 
full laxative CTC), and a questionnaire survey 
indicated a strong preference for the reduced 
preparation. However, as previously demon-
strated, retaining this high sensitivity comes at a 
cost: the speci fi city was reduced from 92 to 68%. 
Intriguingly, the authors concluded that patients 
should be offered the reduced-laxative CTC if 

  Fig. 3.8    Axial CT colonography following oral contrast. 
Homogenous  fl uid “tagging” enables con fi dent diagnosis 
of a 10-mm pedunculated polyp ( arrow ) despite being 

partially submerged in colonic residue. Note the fat atten-
uation in this endoscopically proven lipoma       
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they were willing to accept the decrease in 
speci fi city—very little is known about patient 
attitudes to speci fi city, least of all how they might 
be weighed against side effects.  

 Therefore, although excellent progress has 
been made in terms of reducing the burden of 
bowel preparation, the consequences of reducing 
speci fi city may concern patients and policy mak-
ers. Therefore, research into different regimes 
continues apace, and the results of ongoing large 
prospective studies are expected in the near 
future.  

   So What Happened to the Barium 
Enema? 

 By now, the reader would be forgiven for won-
dering if the appetite and justi fi cation for per-
forming barium enema had all but disappeared. 
However, despite comparative studies suggest-
ing that CT colonography is superior  [  105  ] , bar-
ium examinations have not been universally 
abandoned. Indeed, it is estimated that 3.7 mil-
lion procedures were performed worldwide in 
2008 (personal communication, Bracco 
Diagnostics Inc.). The reasons for this are beyond 
the scope of this chapter, but suf fi ce it to say, 
barium enema has been entrenched in clinical 
practice worldwide for many years and remains 
approved (albeit no longer recommended) for 
colorectal screening. Furthermore, the recent 
landmark decision by the Centers for Medicare 
and Medicaid Services (CMS) to decline cover-
age of CT colonography for screening  [  106  ]  has 
led some to suggest that the technique seems to 
be held to a higher standard than the established 
alternatives  [  107  ] . While it is widely accepted 
that randomised controlled trials (RCT) provide 
the “strongest” evidence, they are time-consum-
ing and costly, and their design does not neces-
sarily lend itself to radiologic research. 
Nevertheless, the UK Department of Health, via 
the Health Technology Assessment programme 
(HTA), commissioned a randomised controlled 
trial to determine the likely future role of CT 
colonography within the National Health Service 

(NHS) by comparison with barium enema or 
optical colonoscopy. As previously stated, the 
emphasis of CTC research in Europe has typi-
cally involved investigation of symptomatic 
patients: therefore, the primary end point was 
detection rates for colorectal cancer or polyps 
 ³ 1 cm in symptomatic adults. The resulting 
SIGGAR trial  [  108  ] , (named after the UK Special 
Interest Group in Gastrointestinal and Abdominal 
Radiology) was led by Professor Steve Halligan 
and Professor Wendy Atkin with the  fi rst patient 
randomised in April 2004 and accrual completed 
by November 2007. Radiologists, surgeons and 
gastroenterologists in 21 centres participated, 
registering 9,012 patients in total. The RCT com-
paring CTC with barium enema recruited 3,838, 
and the RCT comparing CTC with colonoscopy 
recruited 1,610  [  109  ] . 

 In the barium enema trial, patients aged 55 or 
over with symptoms suggestive of colorectal can-
cer who were referred by their clinician for bar-
ium enema were randomised (in a 2:1 ratio) to 
either barium enema (2,541) or CTC (1,280). In 
an intent-to-treat analysis, colorectal cancer or 
polyps  ³ 10 mm were diagnosed signi fi cantly 
more frequently in patients assigned CTC than 
barium enema (7.4% vs. 5.6%,  p  = 0.03). Using 
national registry data to capture cancer miss rates 
(diagnosed within 2 years of randomisation), bar-
ium enema had twice the miss rate of CTC (14% 
vs. 7%). Additional colonic investigations 
occurred signi fi cantly more frequently following 
CTC than barium enema (23% vs. 18%), mainly 
due to higher polyp detection rates. One thousand 
three hundred and thirty-eight previously unknown 
extracolonic  fi ndings were reported in the 1,206 
patients who underwent CTC as their randomised 
procedure. Eighty-six patients were referred for 
further tests as a result of their extracolonic 
 fi ndings, leading to diagnosis of a malignant 
tumour in 12 patients  [  110  ] . As a result of these 
data, the UK Department of Health has deleted 
barium enema from its faecal occult blood testing 
based national screening programme for colorec-
tal cancer and recommends CTC in its place, and 
the results are expected to have worldwide impact 
on CTC implementation.  
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   The End of the Beginning 

 Advances in both CT and computer technology 
have allowed established techniques from barium 
enema to be successfully transferred to CT 
colonography. Since then, developments in the 
USA, and later worldwide, have seen the tech-
nique grow from feasibility studies in academic 
units to international daily practice (Table  3.1 ).  

 Recent research has established excellent 
comparative performance with colonoscopy 
and an accuracy that supersedes barium enema, 

but concerns remain regarding generalisability 
of these results to daily practice. Research con-
tinues apace to re fi ne technical implementation, 
particularly reduced preparation methods which 
may increase adherence with screening pro-
grammes, and to ensure that readers, potentially 
with the assistance of CAD, achieve the same 
diagnostic performance as those in large multi-
centre trials. International training programmes 
have been developed to ensure the guidance 
laid down in international consensus proposals 
can be met.  

   Table 3.1    Milestones in the history of CT colonography   

 1983  First report of CT imaging of the cleansed, distended colorectum  [  1  ]  
 1994  Vining et al. present “virtual colonoscopy”  [  2  ]  
 1997  First exploratory observer study of CTC performance  [  32  ]  
 1998  Feasibility demonstrated in patients with endoscopically proven  fi ndings  [  29  ]  
 1998  Boston International Symposium on Virtual Colonoscopy introduced  [  34  ]  
 1998  “CT colonography” becomes preferred terminology  [  35  ]  
 1999  Landmark study shows very favourable performance for CTC and initiates international interest  [  36  ]  
 2000  The National Polyp Study published; poor performance brings barium enema use into question  [  7  ]  
 2000  First CAD systems developed for CTC  [  82  ]  
 2001  Iodine tagging of liquid stool shown to bene fi t  [  20,   98  ]  
 2001  First attempts at non-laxative CTC reported  [  22  ]  
 2001  CAD undergoes preliminary clinical validation  [  83  ]  
 2003  Prospective patient attitude survey  fi nds CTC preferable colonoscopy and to barium enema [  49  ]  
 2003  ESGAR form CTC working group 
 2003  DoD trial published  [  62  ]  
 2003  ACRIN trial published  [  63  ]  
 2004  Comparative study shows CTC superior to barium enema  [  105  ]  
 2005  Meta-analysis of CTC performance for cancer detection published  [  59  ]  
 2005  First International CTC standards document published  [  66  ]  
 2007  AGA release own guidelines  [  76  ]  
 2007  ESGAR publish consensus statement  [  68  ]  
 2008  ACRIN II study published  [  78  ]  
 2009  CMS declines coverage of CT colonography for screening  [  106  ]  
 2010  Studies provide convincing evidence for “second-reader” CAD  [  89,   90  ]  
 2010  Preliminary results of  fi rst RCT of CTC presented (SIGGAR trial)  [  109  ]  
 2010  UK Department of Health discontinues barium enema in favour of CTC for CRC screening 

programme 

   ACR  American College of Radiology,  ACRIN  American College of Radiology Imaging Network,  AGA  American 
Gastroenterological Association,  CAD  computer-aided detection,  CMS  Centers for Medicare and Medicaid Services, 
 CRADS  CTC reporting and data system,  CTC  computed tomographic colonography,  CRC  colorectal cancer,  DoD  
Department of Defense (US),  ESGAR  European Society of Gastrointestinal and Abdominal Radiology,  RCT  randomised 
controlled trial,  SIGGAR  Special Interest Group in Gastrointestinal and Abdominal Radiology—now known as the 
British Society of Gastrointestinal and Abdominal Radiology (BSGAR)  
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   Key Points 

    Colorectal CT imaging following cathartic • 
cleansing and gaseous insuf fl ation was 
described in the 1980s, but the technique did 
not gain widespread recognition until 1994 
when advances in computer technology enabled 
the development of “virtual colonoscopy”.  
  Research rapidly followed to optimise techni-• 
cal implementation, much of which continues 
to guide best practice today.  
  Fenlon’s landmark study in 1999, using state-• 
of-the-art technique, demonstrated CTC’s 
potential and precipitated international interest.  
  Large prospective trials in the USA and later • 
in Europe provided the evidence base for 
widespread CTC implementation.  
  Simultaneously, research was accumulating • 
that barium enema lacked sensitivity and that 
more sensitive colorectal imaging was 
necessary.  
  CTC rapidly developed from a novel tech-• 
nique practised in a handful of specialist aca-
demic centres to one which has widely 
surpassed the barium enema as the preferred 
colorectal imaging modality.  
  Having established sound performance char-• 
acteristics, research focus has turned to 
improving patient experience, ensuring cost-
effectiveness, computer-aided detection and 
the impact of extracolonic  fi ndings.         
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         Background 

 The clinical indications of CTC have broadened 
gradually over the past decade. Several interac-
tive in fl uences of this trend include the impact of 
validation data of clinical trials, health policy 
decisions of colorectal screening guidelines, and 
insurance reimbursement rates determined by 
payors. After the early clinical trials of CTC in 
the late 1990s, clinical use of CTC was limited to 
a few speci fi c diagnostic indications  [  1  ] . Since 
2003 with the emergence of multiple successful 
large screening trials, there has been broader use 
of CTC in asymptomatic patients. From these 
validation data however, health policy agencies 
responded differently in 2008 for the 5-year 
updates of colorectal screening guidelines. 
Speci fi cally, the American Cancer Society, with 
the multidisciplinary consensus of the American 
College of Radiology and the US Multi-Society 
Task Force of colorectal cancer (comprised of 
the American Gastroenterology Association, 
American Society of Gastroenterology, and the 
American College of Gastroenterology), recom-
mended the use of CTC for the  fi rst time for 

screening of average-risk patients  [  2  ] . Contrary 
to this, the US Preventative Task Force (USPTF) 
gave CTC an  indeterminate rating of effective-
ness  and did not recommend CTC for screening 
purposes  [  3  ] . 

 Payors have responded differently to rates 
of reimbursement for CTC. Similar to the 
American Cancer Society guidelines, both 
Kaiser Permanente and Blue Cross Blue Shield 
gave positive endorsements in their subsequent 
technology assessments for screening CTC in 
2008. Although 47 states had Medicare cover-
age for speci fi c diagnostic indication for CTC 
(largely after incomplete colonoscopy (OC)), 
the US Centers of Medicare and Medicaid 
(CMS), in fl uenced by USPTF rating, passed a 
national noncoverage decision for screening 
indications in May 2009  [  4  ] . Concerns raised 
during the initial CMS deliberation included 
radiation exposure, diagnostic performance in 
Medicare population, management of small 
polyps, and the cost burden of extracolonic 
 fi ndings. Despite these challenges, CTC con-
tinues to expand as a novel, minimally invasive 
structural imaging evaluation of the entire 
colon and rectum, holding the promise of 
improved patient compliance for colorectal 
screening. 

 The purpose of this chapter is twofold: 
(1) review the current diagnostic and screening 
indications for CTC and (2) review important 
validation data of the diagnostic performance 
of CTC.  
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   Current Indications and Uses of CTC 

   Diagnostic CTC 

 Diagnostic indications for CTC are listed in 
Table  4.1 . The most common indication is for 
patients who require completion of colorectal 
evaluation, following an incomplete OC. This has 
been supported since 2004 in 47 states  [  1  ] . Other 
diagnostic indications for CTC that are currently 
reimbursed variably across states include patients 
at risk to undergo OC (e.g., anticoagulation or 
anesthesia risks) and patients who require evalua-
tion of submucosal lesions detected at OC.   

   Screening CTC 

 Based on local reimbursement issues, only a few 
centers have large screening programs. At the 
National Naval Medical Center, in Bethesda, 
MD, the Colon Health Initiative (CHI) was 
 established through a congressional grant in 
2004. A dedicated team of radiologists, gastroen-
terologists, general surgeons, nurses, technolo-
gists, and research personnel provide a 
multidisciplinary clinical colon health-care pro-
gram with integrated clinical research for 
Department of Defense bene fi ciaries in the 
national capital region. President Obama under-
went screening CTC at this facility in 2010. At 
the University of Wisconsin, several third-party 
payers have provided coverage for colorectal 
screening with CTC. Pickhardt et al. reported 
very positive  fi rst-year results of screening 1,100 
patients in this system in 2006, with 99% insur-
ance coverage provided  [  5  ] . In the near future, a 
positive national coverage decision CTC screen-
ing in Medicare patients will have a great impact 
on its more widespread use. 

 Screening indications for CTC include patients 
50 years or older with average risk for colorectal 
cancer (Table  4.1 ). This includes patients with no 
family history or low risk based on family his-
tory. Low-risk patients include those with  fi rst-
degree relatives with colon cancer after the age of 
60 years or multiple second-degree relatives with 

colon cancer at any age. CTC is typically not the 
 fi rst-line test for patients with moderate or high 
risk based on family history; however, it can be 
used in appropriate settings including contraindi-
cations for optical OC or previously unsuccessful 
OC (Table  4.2 ). Moderate risk is de fi ned as  fi rst-
degree relatives with colon cancer at or before the 
age of 60 or multiple  fi rst-degree relatives at any 
age. High-risk history includes patients with fam-
ily history of known genetic syndromes at 
increased risk for colon cancer or personal his-
tory of ulcerative colitis.    

   Diagnostic Performance in Clinical 
Trials 

   Early Clinical Validation 

 In early clinical trials of CTC from 1997 to 2002, 
studies were predominantly validated in polyp-
rich cohorts using OC as the reference standard. 

   Table 4.1    Indications for CTC   

  Indications for diagnostic CTC  a  
 1. History of incomplete OC with colorectal symptoms 
 2. Patients at risk to undergo OC with colorectal 

symptoms 
 3. Further evaluation of submucosal lesion(s) found at 

OC 
  Indications for screening CTC  b  
 1. Average-risk c  patients for colorectal cancer 
 2. Patients at moderate risk d  for colon cancer in 

appropriate clinical context 
 3. Patients at average risk, with history 

of incomplete OC 
 4. Noncompliant patients who will not 

undergo OC 

   OC  optical colonoscopy 
  a Diagnostic CTC may be done at routine radiation dose 
(25.0 mGy total), with and without IV contrast 
  b Screening CTC is done at low radiation dose (12.5 mGy 
total), without IV contrast 
  c Average-risk patients are 50 years or older with no col-
orectal symptoms or risk factors, with no family history or 
low-risk family history ( fi rst-degree family member(s) 
greater than 60 years of age or multiple second-degree 
relatives at any age with colon cancer) 
  d Moderate risk for colon cancer based on family history is 
 fi rst-degree family member(s) before age 60 or multiple 
 fi rst-degree relatives at any age with colon cancer  
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As technical advances in CTC evolved over the 
years, a range of results were reported in different 
cohorts of patients using different techniques 
 [  6–  15  ] . Two early landmark studies achieved the 
benchmark result of 90% sensitivity to detect 
polyps 10 mm and larger  [  14,   15  ] . The  fi rst study 
was performed at Boston University by Fenlon 
et al.  [  14  ] . In this study, 100 patients (60 men, 40 
women; mean age 62 years) at high risk for col-
orectal neoplasia were evaluated. Selection crite-
ria included patients 50 years or older who had a 
history of adenomatous polyps, positive FOBT, 
or strong family history of colon cancer in a  fi rst-
degree relative. A total of 115 polyps and 3 can-
cers were found at OC, used as the reference 
standard. CTC had 100% (3/3) sensitivity to 
detect cancers, 91% (20/22) sensitivity to detect 
10-mm and larger polyps, and 82% (33/40) sensi-
tivity to detect 6–9-mm polyps. From this study, 
the authors concluded that CTC may have similar 
ef fi cacy to OC to detect polyps 6 mm and larger 
in high-risk patients. 

 Following this study, Yee et al. reported a study 
with similar results in a larger cohort of 300 
patients from the University of California, San 
Francisco Veterans Administration trial  [  15  ] . 
Participants in this trial were mostly male (291 
male, 9 female), with 96 enrolled for screening 
and 204 enrolled for evaluation of colorectal 
symptoms. Two readers individually interpreted 
the CTC data using 2D primary review, with addi-
tional 3D endoscopic  fl y through (mean analysis 
times of 27–31 min), with the results given for the 

subsequent consensus reading. Sensitivities were 
100% (8.8) to detect cancers, 90% (74/82) to 
detect polyps  ³ 10 mm, and 80% (113/141) to 
detect 5–9.9-mm polyps. This study helped to 
reinforce the feasibility of CTC as a modality 
to evaluate the colon in polyp-rich cohorts. 

 Other studies helped de fi ne the role of CTC in 
the setting of incomplete OC. Several early studies 
demonstrated the feasibility of CTC to complete 
the colon evaluation in same-day incomplete OC 
due to an obstructing cancer  [  16–  18  ] .  

   Large CTC Trials in Higher Risk Cohorts 

 Following the promising results of early valida-
tion trials, three larger trials demonstrated less 
favorable results in studies published from 2003 
to 2005  [  19–  21  ]  (Table  4.3 ). These three trials 
evaluated patient cohorts of 600–700 patients, 
who were are at increased risk for colorectal can-
cer based on history of prior polyps, family risk, 
or colorectal symptoms. Speci fi cally, Johnson 
et al. published a single-center trial of 703 patients 
with 153 lesions ( ³ 6 mm in size) in 2003, using 
primarily 2D image display techniques for lesion 
detection  [  19  ] . Wide variability across results of 
three readers was reported with per-patient sensi-
tivities to detect 5–9-mm and  ³ 10-mm polyps 
ranging from 41% to 69% and 35% to 72%, 
respectively. Cotton et al. published a multicenter 
trial of 615 patients with 173 lesions in 2004  [  20  ] . 
Per-patient sensitivities to detect 6–9-mm and 

   Table 4.2    Relative contraindications for CTC   

 1. High-risk patients a  for colon cancer, unless OC contraindicated or history of incomplete OC 
 2. Routine evaluation of anal disease 
 3. Recent colorectal surgery 
 4. Recent deep endoscopic biopsy or polypectomy/mucosectomy 
 5. Symptomatic or high-grade small bowel obstruction 
 6. Known bowel perforation 
 7. Colon-containing abdominal or pelvic hernia 
 8. Acute symptoms of colitis, diverticulitis, or diarrhea 
 9. Evaluation of pregnant woman 

   a High risk for colon cancer includes patients with in fl ammatory bowel disease or family history of known genetic 
 syndromes at increased risk for colon cancer  
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 ³ 10-mm polyps were 30% and 55%, respectively, 
using 2D for primary detection; a follow-up anal-
ysis using 3D endoscopic  fl y through increased 
results to 36% and 60%, respectively. In this 
study, the requirement for reader experience was 
set at a low standard, requiring readers to have 
only read ten CTC cases. The most experienced 
center recruited close to one-third of the patients 
and reported signi fi cantly higher sensitivities 
than the other centers, raising the concern that 
differences in reader experience largely affected 
the results. Despite low performance in sensitiv-
ity, both of these trials reported consistently high 
speci fi city results, ranging from 88 to 98% at 
6-mm and 10-mm thresholds, respectively.  

 Rockey et al. later published the third multi-
center trial in 2005, evaluating the diagnostic per-
formance of CTC, air-contrast barium enema, 
and OC in 614 patients  [  21  ] . CTC was predomi-
nantly interpreted with 2D image display tech-
niques to detect, with 3D imaging to characterize. 
In this trial, reader experience was more stan-
dardized; however, similar negative results were 
obtained. CTC results of per-patient sensitivities 
to detect 6–9-mm and  ³ 10-mm polyps were 51% 
and 59%, respectively, outperforming results at 
ACBE of 35% and 48%, respectively. Common 
to all three of these larger trials of patients at 
increased risk, results were analyzed for all histo-
logical lesions detected 6 mm and larger, includ-
ing non-adenomatous and adenomatous polyps. 
A subsequent analysis of the Rockey trial deter-
mined that if non-adenomatous cancerous lesions 
were excluded ( n  = 87), analysis of the remaining 
adenomatous and cancerous lesions ( n  = 147) 
increased, the per-patient sensitivities to detect 
6–9-mm and  ³ 10-mm polyps to 68% and 70%, 
respectively  [  22  ] . This methodology of selec-
tively evaluating adenomatous or cancerous 
lesions would carry forward as the accepted 
methodology to evaluate CTC performance. 

 In contrast to these three less successful trials, 
the Italian Multicenter Polyp Accuracy Trial 
(IMPACT) was performed also in higher risk 
cohorts in 2009, encompassing a total of 21 cen-
ters  [  23  ] . A total of 937 patients were evaluated 
who had positive family history, prior polypec-
tomy of polyps, or positive FOBT. In this trial, a 

total of 233 lesions with advanced neoplasia were 
evaluated, including advanced adenomas or can-
cer at histology (non-adenomatous and low-risk 
adenoma lesions were excluded). Per-patient sen-
sitivity to detect polyps 6–9 mm and  ³ 10 mm 
was 85% and 91%, respectively. Per-polyp sensi-
tivity decreased to 59% and 84%, respectively. 
Speci fi city remained high, ranging from 80 to 
85% at 10- and 6-mm thresholds. Requirement of 
the radiologist experience was review of 50 or 
more cases under supervision by an expert. CT 
scanner technology used 16–64-row MDCT in 
88% of cases. Radiologists used primarily 2D 
(74%) rather than 3D (26%) image display tech-
niques, according to their preference. Stool tag-
ging was used in the minority of cases (34%). 
The exclusion of low-risk adenomas from the 
analysis could be criticized. However, the large 
scale of this trial including 21 centers with strong 
results favorably supports generalizability into 
more diverse practice settings.  

   Larger Screening Trials in 
Asymptomatic Patients at Average Risk 

 At the same time as some of the early multicenter 
trials in patients at increased risk, a landmark 
successful trial was published which exploited 
new technological advances in the largest screen-
ing cohort of asymptomatic patients to date in 
2003  [  24  ] . Pickhardt et al. evaluated 1,233 
asymptomatic patients for colorectal screening 
with CT colonography in a multicenter Depart-
ment of Defense trial  [  24  ]    . This trial introduced 
the novel techniques of stool tagging with elec-
tronic subtraction and 3D  fl y through as the pri-
mary image display technique in all studies. It 
also used the “enhanced” reference standard of 
segmental unblinding of CTC results during OC. 
This technique had been used in two of the large 
center trials  [  20,   21  ] . Namely, the colonoscopist 
evaluated each colonic segment initially, fol-
lowed by a second look at the colonic segment if 
the disclosed CTC results demonstrated a 
signi fi cant lesion. This trial reported per-patient 
sensitivities to detect adenomas at size thresholds 
of  ³ 6 mm and  ³ 10 mm of 88.7% and 93.8%, 
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respectively; speci fi cities at these two-size thresh-
olds were reported at 79.6% and 96.0%. Based 
on the segmental unblinding methodology, miss 
rates at the original OC (before CTC results were 
disclosed) could be evaluated. A subsequent 
analysis of these results demonstrated that OC 
missed 10% of adenomas larger than 10 mm  [  25  ] . 
This study clearly sets a new benchmark of 
improved diagnostic performance for detection 
of polyps 6 mm and larger in screening cohorts. 

 Five years later in 2008, the ACRIN 6664 
trial (American College of Radiology Imaging 
Network) became the next largest screening trial 
of 2,531 asymptomatic patients at average risk 
 [  26  ] . This trial involved a total of 15 centers in 
academic and private practice settings. High stan-
dards for radiologist requirements were set either 
to have performed 500 or more CTC examina-
tions or to take part in a 1.5-day training session 
of close to 50 cases and subsequently pass a 
qualifying examination of 90% detection rate 
of polyps 10 mm or greater. Methods included 
state-of-the-art techniques of low-dose (50 effec-
tive mAs) 16–64-row MDCT, 2D and 3D image 
display techniques, and stool tagging. The vali-
dation methodology of segmental unblinding at 
OC, however, was not used. Overall, the major 
goal of the study was met with per-patient sensi-
tivity for  ³ 10-mm polyps of 90%. Per-polyp sen-
sitivity in this size threshold decreased to 84%. 
More modest results were seen for detection of 
polyps at the lower size threshold of  ³ 6 mm, with 
per-patient and per-polyp results of 78% and 
70%, respectively. Despite the use of stool tag-
ging, speci fi city was slightly lower with results of 
88% and 86% at 6-mm and 10-mm polyp thresh-
olds, respectively. Although overall results were 
not as good as the Pickhardt et al. study in 2003, 
the diversity of 15 centers in both academic and 
private practice settings was valued as being 
more representative of potential results in general 
practice. 

 In Germany, the Munich trial by Graser et al. 
 [  27  ]  was another successful screening trial of 
asymptomatic patients at average risk that was 
published in 2009, modeled very closely in meth-
odology to the military trial by Pickhardt. A total 
of 307 subjects with 221 adenomas were  evaluated 

with CTC,  fl exible sigmoidoscopy (FS), fecal 
immunochemical stool testing (FIT), fecal occult 
blood testing (FOBT), and OC. Stool tagging, 3D 
primary review, and segmental unblinding were 
used. Enhanced data acquisition at 64-row MDCT 
(0.75-mm slice thickness at 0.5-mm reconstruc-
tion interval), using low-dose technique (30–
70 mAs, mean radiation dose of 4.5 mSv), was 
also performed. CTC results of per-patient sensi-
tivities to detect polyps at  ³ 6-mm and  ³ 10-mm 
thresholds were 91% and 92%, respectively, less 
than results at OC of 98% and 100%, but far 
improved compared to FS of 67% and 68%, 
FOBT of 18% and 24%, and FIT of 40% and 
33%. Interestingly, similar results between CTC 
and OC were obtained for per-polyp sensitivity at 
6–9 mm (CTC 90% and OC 93%) and  ³ 10 mm 
(CTC 94% and OC 100%). This study represents 
the highest sensitivity results of small polyps in 
the 6–9-mm range in a screening cohort using 
64-row MCDT, despite the potential increase of 
image noise due to the low-dose technique 
(Table  4.4 ).   

   Factors That May Have In fl uenced 
Differences in Results Across Studies 

 What then could help explain some of the differ-
ences in results among these larger trials over a 
decade of efforts? First, diagnostic performance 
does differ between early assessments of detec-
tion of multiple polyps in enriched cohorts com-
pared to the later challenges of detecting fewer 
polyps in a screening cohort. Analyses of stud-
ies must be distinguished between these two 
types of patient cohorts. Second, clearly 
advancements in multirow detector CT technol-
ogy over time have improved spatial resolution 
(Figs.  4.1  and  4.2 ). Additionally, awareness in 
knowledge of the different morphologies of pol-
yps and the subsequent ef fi ciency of reader 
training have improved, as structured courses 
have been developed with individual reader 
workstation review of CTC libraries of 50–100 
case reviews both in ESGAR and the USA. 
There continues to some debate about the impact 
of 3D over 2D in reader review, as discussed 
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  Fig. 4.1    From the Fenlon et al. trial of 1999, image qual-
ity of detection of a 2.5 cm cancer at single-row CTC at 
5-mm slice thickness: ( a ) 2D axial, ( b ) 3D endoscopic 
view, and ( c ) optical colonoscopy image (reproduced 
from Fenlon HM, Nunes DP, Schroy PC, et al. A compari-
son of virtual and conventional colonoscopy for the detec-
tion of colorectal polyps. N Engl J Med. 341, copyright © 
1999 Massachusetts Medical Society. Reprinted with per-
mission from Massachusetts Medical Society)       

  Fig. 4.2    From the Graser et al. trial of 2009, advancement 
of image quality of detection of a 2.2 cm sessile polyp at 
64DCT at 0.75-mm slice thickness: ( a ) 2D sagittal, ( b ) 3D 
endoscopic, and ( c ) OC (reproduced from Graser A, Stieber 
P, Nagel D, et al. Comparison of CT colonography, 
colonoscopy, sigmoidoscopy, and fecal occult blood tests 
for the detection of advanced adenoma in an average-risk 
population. Gut. 2009;58:241–8, copyright noti fi cation year 
2012, with permissions from BMJ Publishing Group Ltd.)       
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below. Differences may have occurred based on 
the analysis to evaluate all polyps in earlier 
studies, compared to adenomatous polyps in 
later studies. Finally, one less debated issue of 
signi fi cance is the difference in clarity of 
de fi nition of polyp-size target, which Pickhardt 
et al.  fi rst clearly emphasized.   

 Among the studies of higher risk cohorts, the 
IMPACT trial took place 4–5 years after the  fi rst 
three trials of Johnson, Rockey, and Cotton. Not 
only were readers more familiar with the types of 
polyp morphologies with structured training 
through CTC interpretation courses, but scanner 
resolution with 16-DCT and 64-DCT scanners 
clearly improved visualization over the 2–8 row 
of earlier studies. Also the IMPACT trial did not 
include lower risk adenomas in their assessment, 
compared to all polyps evaluated in the  fi rst three. 
As discussed earlier in the reanalysis of the 
Rockey et al. data, sensitivity results were 
increased when evaluation of adenoma detection 
was assessed  [  22  ] . 

 Before assessing the screening trials, there 
was a period of great debate during the publica-
tion of three closely spaced trials with diverging 
results. Namely, the screening trial of Pickhardt 
trial in 2003 was published at the same time as 
the Cotton trial and just before the Rockey trial, 
the latter two assessing cohorts at increased risk. 
The Cotton trial was largely criticized due to lack 
of rigorous training of radiologists at the leading 
edge of a new technology. However, the Rockey 
trial had better training and similar, if not 
improved, CT scanner technology, along with 
similar methodology of segmental unblinding of 
results. The enriched cohort of Rockey would 
have favored results over the  fi rst screening trial 
of Pickhardt. However, the primary technological 
improvements of stool tagging and 3D as a pri-
mary review were attributed to Pickhardt’s suc-
cess. In addition, despite having the harder task 
of  fi nding fewer polyps in a screening cohort, 
Pickhardt also rigorously set the target size for 
lesion detection at 6 mm and greater, thus focus-
ing the multi-reader task and possibly not dis-
tracting or tiring readers with the assessment of 
smaller polyps. 

 Finally, evaluation of the screening trials 
involves trials that are more similar in techniques. 
All used multirow CT scanner technology, 
although Pickhardt et al. had less advanced scan-
ner technology. This likely demonstrates that 
good techniques in bowel preparation and 
insuf fl ation clearly trump differences in 4D vs. 
16–64D-scanner technique for assessment of 
6-mm and larger polyps. All used stool tagging. 
Although ACRIN had lower speci fi city than 
Pickhardt et al. and Graser et al. despite the use of 
stool tagging, this might have been more 
in fl uenced on the rigorous task de fi ned by ACRIN 
to obtain 90% sensitivity for detection of 10-mm 
and larger polyps. In this context, readers did not 
want to miss a signi fi cant polyp, and this may 
have driven down speci fi city to some degree. All 
assessed adenoma detection rates. The 3D pri-
mary review in Pickhardt et al. was challenged 5 
years later by equal results of 2D vs. 3D in 
ACRIN, with 2D being more time ef fi cient. As 
readers become more familiar with image display 
techniques over time, 2D and 3D are both easily 
done, and each has advantages and disadvan-
tages. As discussed, Pickhardt’s emphasis of the 
target lesion size of 6 mm and larger likely 
focused the reader task. Finally, learning curve 
effects during the trials also may have been an 
in fl uence. Readers who were shown the answers 
after cases were completed during the trial, likely 
bene fi ted from awareness of case mix and 
improved their increased accuracy as they read 
additional cases  [  24   ,    27  ] . Lessons learned from 
clear de fi nition of target lesions and feedback of 
results to enhance learning are key to remember 
as CTC clinical programs continue to expand.  

   Selection of Patients by CTC to Bene fi t 
from Colonoscopy 

 Beyond validation, Kim et al. published a study 
that demonstrated the ef fi cacy of CTC to prop-
erly select patients who would bene fi t from 
therapeutic OC  [  28  ] . This was a two-pronged 
study comparing screening with primary CTC 
in 3,120 patients (with selective recommendation 
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for polypectomy in positive patients) to screen-
ing with primary OC in 3,163 patients. In the 
CTC arm, patients were recommended to have a 
follow-up therapeutic OC based on detection of 
 polyps 6 mm or greater in size. The two cohorts 
had similar demographics, other than a slightly 
higher proportion of individuals with a positive 
family history in the OC group. A total of 7.9% 
of patients in the CTC arm were recommended 
for therapeutic OC. Both groups reported a sim-
ilar detection rate of advanced adenomas (3.2% 
in the CTC group and 3.4% in the OC group). 
However, the total number of polypectomies 
was over four times higher in the OC group 
compared to the CTC group (2,434 vs. 561, 
respectively)  [  28  ] . This study supports that using 
a polyp-size threshold of 6 mm or greater, CTC 
can ef fi caciously recommend therapeutic OC 
for removal of advanced adenomas.  

   Meta-analyses of CTC Diagnostic 
Performance 

 During the  fi rst decade of effort, two meta-analy-
ses were done to review the CTC trial results  [  29, 
  30  ] . The most comprehensive meta-analysis of 
Mulhall et al. evaluated 33 studies encompassing 
6,393 patients. In this analysis on a per-patient 
basis, CTC sensitivity and speci fi city for 10-mm 
and larger polyps was found to be 85–93% and 
97%, respectively  [  29  ] . Pooled sensitivity and 
speci fi city for small polyps (6–9 mm) was 
70–86% and 86–93%, respectively. Halligan 
et al. reported the sensitivity of CTC to detect 
invasive colorectal cancer was 96%  [  30  ] . 

 In 2011, a comprehensive meta-analysis of 
CTC and OC for detection of colorectal cancer 
reviewed 49 studies evaluating 11,151 patients, 
spanning the years from 1994 to 2009  [  31  ] . The 
sensitivity of CTC for detection of colorectal 
cancer was 96.1%. No cancers were missed at 
CTC when both cathartic and tagging agents 
were used in the bowel preparation. The sensitiv-
ity of OC for colorectal cancer in a subset of 25 
studies of 9,223 patients was 94.7%. Thus, the 
high sensitivity of CTC for detection of cancer 
was con fi rmed, similar to that of OC.   

   CTC Performance in Other Settings 

   Medicare Population 

 A relative paucity of studies of the Medicare 
 population partially in fl uenced the national non-
coverage decision by the CMS in 2009. 
Subsequent to that decision, a retrospective 
review was published in 2010, which evaluated 
577 older patients, ranging in age from 65 to 79 
years, as part of the CTC screening program at 
University of Wisconsin  [  32  ] . Using the polyp-
size threshold of 6 mm or greater, a total of 15.3% 
patients were referred for therapeutic OC. This 
was greater than the prior published referral rate 
of 7.9% in average-risk patients (mean age, 57 
years). Given the higher rate of neoplasia with 
aging, the establishment of this increased referral 
rate to OC was important to establish for cost 
considerations. For adenomas, the per-patient 
positivity rates at 6-mm and 10-mm polyp-size 
thresholds were 10.9% and 6.8%, respectively. 
The prevalence of advanced neoplasia was 7.6%. 
In addition, the effects of extracolonic  fi ndings 
were also evaluated, which can also add addi-
tional costs. The reported extracolonic  fi ndings 
led to an additional work-up rate of 7.8%. No 
major complications occurred in this age group. 
Overall, these results were favorable, suggesting 
that CTC could be a safe and effective screening 
modality in this age group. 

 At New York University, a retrospective eval-
uation of the extracolonic  fi ndings and polyp 
prevalence was compared between senior and 
non-senior patients  [  33  ] . A total of 454 patients 
were evaluated, with 204 non-seniors (age < 65 
years) and 250 seniors (age  ³  65 years). Among 
the seniors, 82 patients (33%) underwent CTC 
for screening indications. No signi fi cant differ-
ence in the percentage of patients with one 
reported clinically signi fi cant polyp (de fi ned as 
 ³ 6 mm in size) was present, encompassing 14.2% 
of the non-senior and 13.2% of senior patients. 
The percentage of patients with at least one extra-
colonic  fi nding was less in the non-senior group 
(55.4%) compared with the senior group (74.0%). 
However, most patients (92% of non-seniors and 
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91.8% of seniors) had  extracolonic  fi ndings of 
low clinical signi fi cance. Subsequently, there was 
no statistical difference in the frequency of rec-
ommendation for additional imaging between 
groups (4.4% in non-seniors and 6.0% in seniors). 
Thus, investigators from two different demo-
graphic regions, NYU and University of 
Wisconsin, concurred from their colorectal 
screening programs that 15% or less of Medicare-
aged patients would undergo therapeutic OC, 
using the index size threshold of 6 mm or larger 
for polyps detected at CTC. It is also reassuring 
for cost considerations that the additional imag-
ing recommendations based on extracolonic 
 fi ndings were also found to be low in this 
population. 

 A reanalysis of the ACRIN data in the Medicare 
population of 477 patients 65 years of age and 
older demonstrated that the sensitivity and 
speci fi city per patient for detection of polyps 
6 mm and greater was 72% and 86%, respec-
tively, compared to 82% and 83%, respectively, 
for detection of polyps 10 mm and larger  [  34  ] . 
Per-polyp sensitivity in this age group for polyps 
larger than or equal to 6 mm and larger than or 
equal to 10 mm was 59% and 75%, respectively. 
Overall, the majority of these results in Medicare-
aged patients did not differ signi fi cantly from 
patients less than 65 years of age.  

   Flat Lesions 

 Flat colorectal lesions are challenging, both at OC 
and CTC. Debates of both the prevalence and path-
ological risk have occurred. The diagnostic perfor-
mance of CTC for  fl at lesions has varied, with 
recent improvements reported as technological 
improvements with 3D software and CT spatial 
resolution have occurred. Some of this variability 
may be due to differences in de fi nitions of the mor-
phology and terminology of  fl at lesions. 

 Using the de fi nition of “sessile” (height of 
lesion less than half of length), Fidler et al. 
reported a sensitivity to detect sessile lesions of 
less than 50%  [  35  ] . In a subanalysis of sessile 
lesions, Pickhardt et al. reported a sensitivity of 
83%  [  36  ] . 

Other terminology for  fl at lesions has included 
a recent description by Soetikno et al.  [  37  ] . 
Polypoid lesions are de fi ned as sessile or pedun-
culated in morphology. Non-polypoid lesions are 
de fi ned as super fi cially elevated,  fl at, or depressed. 
In a series of OC screening of veterans, the over-
all prevalence of non-polypoid neoplasia was 
9.4% vs. 5.8%  [  37  ] . In this report, concerns for 
failed detection of such lesions at CTC were 
raised. However, all CTC trials reported to date 
have not described signi fi cant trends of false neg-
atives of  fl at lesions at CTC, using OC as a gold 
standard. In addition, this morphological type of 
lesion is well recognized in CTC and is a part of 
standardized training. 

 The Paris classi fi cation of  fl at lesions de fi nes 
these lesions as being less than 3 mm in height. 
A subcategory is the carpet lesion or laterally 
spreading lesion, which spans a distance of over 
3 cm. Using this terminology, Pickhardt et al. 
published a series evaluating 5,107 consecutive 
asymptomatic patients at screening CTC  [  38  ] . 
All lesions larger than 6 mm in size were labeled 
as sessile or pedunculated (combined as polypoid 
type) vs.  fl at. Lesions larger than 3 cm in length 
that were  fl at were labeled as carpet lesions. 
A total of 125 out of 964 polyps (13.1%) were 
labeled as  fl at in 106 adults. Flat lesions between 
6 and 30 mm averaged a maximum height of 
2.2 mm ( £ 3 mm in 86%). Further improvements 
in CT acquisition, computed-aided diagnosis, 
and 3D image display techniques should continue 
to improve detection of this morphological type 
of colorectal lesion.  

   Low-Dose CTC 

 Radiation dose imparted at CTC is a critical factor 
to keep ef fi cient. Several investigators have 
reported successful use of low-dose CTC proto-
cols  [  11,   39–  41  ] . In 2002, a study of 105 patients 
was performed with the CT scan protocol of 1-mm 
slice thickness and low dose of 50 effective mAs 
 [  11  ] . The total effective dose to the patients for 
both supine and prone imaging of the abdomen 
and pelvis was 5.0 mSv for men and 7.8 mSv for 
women, which is comparable to dose ranges of 
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barium enema. Excellent sensitivity of 90% for 
1-cm polyps was achieved. In 2003, further dose 
reduction was achieved in a cohort of 158 patients 
predominantly at increased risk of colorectal neo-
plasia, using 10 effective mAs and a slightly 
thicker slice thickness of 2.5 mm  [  39  ] . This proto-
col resulted in total effective doses to the patients 
of 1.8 mSv in men and 2.4 mSv in women. In this 
study, there was 100% sensitivity for all 22 can-
cers, 100% sensitivity for the thirteen 10-mm and 
larger polyps, and 83% sensitivity for the 6–9-mm 
(20/24) polyps. Further decreases in radiation 
dose have been achieved with advances in auto-
matic tube current exposure and dose modulation 
techniques  [  42  ] , which differentially change the 
delivered dose over the anatomy scanned in real 
time (e.g., more dose given to penetrate the bony 
pelvis and less dose given over the soft tissues of 
the abdomen). With these new dose reduction 
techniques, the effective dose from CTC becomes 
close to, or less than, yearly background radiation. 
These low-dose radiation techniques have now 
become standard of care for screening CTC in 
both research and clinical practice. 

 Recent reports have discussed the controversy 
of low radiation dose exposure  [  43  ] . Brenner 
et al. recently addressed the issue of radiation 
dose screening with CTC and concluded that the 
bene fi t-risk ratio was high and that radiation-
induced cancer risks were very low  [  43  ] . Brenner 
concluded that potential lifetime cancer risk for 
one CTC exam at age 50 was 0.14% (0.07% if 
70), which could be reduced by factors of  fi ve or 
ten with optimized low-dose protocols. Potential 
limitations of these estimates of cancer risk 
include use of the linear non threshold model 
from whole body exposure of A bomb survivors 
of all ages, compared to the more limited abdom-
inal-pelvic exposure of CTC in patients 50 years 
and older. Recently, the American College of 
Radiology created a Blue Ribbon Panel on 
Radiation Dose in Medicine and published rec-
ommendations and quality initiatives for the safe 
use of ionizing radiation, including CT, in clini-
cal practice  [  44  ] . In addition, quality metrics for 
CTC developed by the ACR include the docu-
mentation of low-dose CT protocols for screen-
ing cohorts.   

   Summary 

 CTC continues to rapidly evolve with technologi-
cal improvements in bowel preparation, low-dose 
CT acquisition, and novel 3D display techniques. 
Although diverse results were initially obtained 
in the  fi rst decade during rapid improvement in 
the technology, more consistent results of diag-
nostic performance have now been realized in 
larger screening cohorts. These validation data 
will continue to drive implementation and reim-
bursement, likely promoting further expansion of 
utilization of CTC in clinical practice.      
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         Introduction 

 It has been almost 30 years since Coin proposed 
that computed tomography (CT) scanning had 
the potential to be used as a screening tool for 
the detection of colonic polyps  [  1  ] . Yet it was not 
until 1994 that Vining and coworkers were able 
to employ the new technology of spiral/helical 
CT and modern computer graphics, catalyzing 
extensive research and clinical efforts that 
molded the  fi eld that we now call CT colonogra-
phy (CTC) or “virtual colonoscopy.”  [  2  ]  Owing 
to these efforts, reasonable consensus now exists 
on the optimal means by which to prepare the 
patient, acquire the CT data, and interpret the 
resulting images, though some healthy debates 
do persist. The goal of this chapter is to describe 
these technical factors in CTC and to give the 
reader a perspective on current techniques and 
alternatives. We review the best evidence for 
current practices and recommendations. With 
this information, we hope the reader will have a 
thorough understanding of what is required to 
set up a high-quality clinical operation for per-
formance of CTC.  

   Bowel Preparation 

   Background 

 Technical success in CTC starts with an adequate 
bowel preparation. A multitude of software tools 
available on CTC workstations are aimed at min-
imizing the impact that residual fecal material 
makes on diagnostic performance. Yet, as any 
experienced interpreter of CTC will admit, a 
clean colon makes the job of interpretation 
immeasurably easier, improves con fi dence, and 
ultimately improves performance. This “low-
tech” approach will produce results that no pres-
ently available computer can replicate. 

 Adherent stool is the most common cause of 
false-positives at CTC  [  3  ] . It can also lead to 
false-negative diagnoses, as retained liquid and 
stool can obscure lesions, especially small ones. 
Interpretation times are prolonged when a large 
number of potential lesions must be interrogated 
and documented  [  4  ] . If CTC patients are to be 
offered same-day optical colonoscopy (OC) for a 
positive  fi nding, they will have to have completed 
a full bowel preparation  [  5  ] . At this time, CTC 
bowel cleansing regimens are quite similar to 
those used at OC.  

   Diet 

 Solid food and  fi ber restriction are as essential as 
laxatives to an effective bowel preparation regimen. 
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Dietary  fi ber is resistant to enzymatic hydrolysis 
and to bacterial breakdown  [  6,   7  ] , and whole 
seeds and grains can mimic polyps  [  8  ] . A low-
 fi ber diet has been proven to improve fecal tag-
ging at CTC  [  8  ] . We prescribe a diet free of seeds 
and nuts for 7 days and a clear liquid diet the 
entire day before the CTC. Patients are told not to 
eat or drink anything from midnight until the time 
of their examination.  

   Pharmacologic Cathartics 

 The optimal laxative preparation for CTC has 
been examined extensively and has been the sub-
ject of much debate. Many agents and combina-
tions of agents have been tested, with the goals of 
balancing strength and safety, with emphasis 
placed on patient comfort and tolerance  [  9  ] . For 
purposes of discussion, available laxatives have 
been distinguished as “dry preps” (sodium phos-
phate and magnesium citrate) and “wet preps” 
(polyethylene glycol). 

 The distinction between dry and wet preps is 
their mechanism of catharsis. Sodium phosphate 
and magnesium citrate preparations are low-
volume, hyperosmotic formulations that induce 
osmotic catharsis by drawing water into the colonic 
lumen from the intravascular compartment. 
Polyethylene glycol (PEG) is a high-volume, iso-
osmotic, nonabsorbable preparation that causes a 
washout lavage. It does not cause signi fi cant  fl uid 
shifts from the intracellular to the extracellular space. 
These three agents were used in the American 
College of Radiology Imaging Network (ACRIN) 
trial  [  10  ] , of which a recently performed retrospec-
tive analysis demonstrated that the sensitivity and 
speci fi city for detecting colon polyps  ³  6 mm and 
 ³ 1 cm did not signi fi cantly differ between bowel 
preparations  [  5  ] . Nevertheless, it is pertinent to 
review their differences.   

   Sodium Phosphate 

 Oral sodium phosphate (OSP) products include 
the prescription Visicol and OsmoPrep  [  11  ] . 
Fleets Phospho-soda ®  was an over-the-counter 

sodium phosphate preparation offered without 
prescription. However, it was recalled in 2009 
over concerns phosphate-induced nephropathy, 
as discussed below  [  12  ] . Onset to catharsis was 
approximately 1 h. Four 10-mg bisacodyl tablets 
were also typically taken orally in the evening 
after the sodium phosphate was  fi nished. In 2007, 
Kim found that a single dose (45 mL) was just as 
effective as a double dose (90 mL)  [  13  ] . Sodium 
phosphate also comes in pill form, which can be 
taken with any clear liquid, bypassing the prob-
lem of its considerably salty taste  [  14  ] . 

 There have been many studies over the years 
comparing the ef fi cacy of sodium phosphate to 
PEG. 45 mL of sodium phosphate has been 
reported in some studies to be superior to PEG in 
the amount of residual  fl uid, ef fi cacy of cleans-
ing, patient preference, and compliance  [  15–  19  ] . 
Some studies have demonstrated that PEG is bet-
ter than sodium phosphate  [  20  ] . However, in two 
meta-analyses, the larger of which analyzed 24 
studies, there was no signi fi cant difference in 
quality of bowel preparation between sodium 
phosphate and PEG  [  16,   21  ] . 

 More recently, retrospective analysis of the 
ACRIN trial data showed that sodium phosphate 
had the best patient compliance, the least residual 
stool, and highest reader con fi dence versus PEG 
for examinations with polyps. It was also the 
most commonly prescribed cathartic  [  5  ] . 
However, as stated earlier, the sensitivity and 
speci fi city for polyp detection did not differ 
between preparations, illustrating that reader per-
formance does not always correlate with mea-
sures of compliance, residual stool, or reader 
con fi dence  [  5  ] . 

 The routine use of sodium phosphate has 
come under scrutiny due to its history of causing 
serious  fl uid and electrolyte abnormalities  [  22  ] . 
Patients may become dehydrated and develop 
hypernatremia, hypokalemia, hypophos-
phatemia, and hypocalcemia  [  23,   24  ] . Metabolic 
acidosis, tetany, and even death have been 
reported  [  25,   26  ] . Additionally, rare cases of 
acute phosphate nephropathy have been reported. 
Acute phosphate nephropathy, associated with 
renal tubular calcium-phosphate crystal deposi-
tion, may result in permanent renal insuf fi ciency, 
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sometimes requiring dialysis  [  11  ] . The risk of 
acute phosphate nephropathy appears to be related 
to factors such as advanced age, hypovolemia, 
baseline renal insuf fi ciency, slow bowel transit 
time, colonic mucosal injury from colitis, or the 
use of nephrotoxic medications such as diuret-
ics, angiotensin converting enzyme (ACE) inhib-
itors, and angiotensin receptor blockers (ARBs) 
 [  11,   12,   22  ] . The Food and Drug Administration 
(FDA) has required the manufacturer of Visicol 
and OsmoPrep, the two remaining prescription-
only OSPs, to add a boxed warning to their label-
ing  [  11,   12  ] . Following that, Fleet recalled its 
over-the-counter sodium phosphate products. 

 Some CTC programs have screening ques-
tionnaires to triage at-risk patients away from 
sodium phosphate. However, such systems are 
imperfect as one study showed that as many as 
2% of patients with a contraindication to sodium 
phosphate could not have been identi fi ed, and 
thus excluded, on the basis of their clinical his-
tory alone  [  27  ] . Many CTC programs have thus 
decided to abandon its use. If used, however, the 
manufacturers have advised that the dose be 
restricted or split and that the patient drink 
suf fi cient liquids  [  22  ] .  

   Magnesium Citrate 

 Magnesium citrate is available over-the-counter 
in liquid form. The liquid comes in a 10-oz (296-
mL) bottle, ready to drink. Like sodium phos-
phate, magnesium citrate is taken in the late 
afternoon, and bisacodyl tablets are taken the 
night before the exam. Time to onset of catharsis 
is around 1 h. Oral hydration should be main-
tained to prevent dehydration  [  12  ] . Magnesium 
citrate is preferred to sodium phosphate in 
patients with underlying medical conditions, 
given its lower sodium content, decreased inci-
dence of electrolyte disturbances, and higher 
therapeutic index  [  9,   12,   28  ] . 

 There are fewer studies in the literature com-
paring magnesium citrate to sodium phosphate or 
PEG than there are comparing the latter two with 
each other. In a 2005 study by Delegge et al. 506 
patients undergoing optical colonoscopy (OC) 

were randomized to receive either a magnesium 
citrate (LoSo Prep, containing magnesium cit-
rate, bisacodyl tablets, and a bisacodyl supposi-
tory) or sodium phosphate-based prep (double 
dose sodium phosphate). The group that received 
magnesium citrate demonstrated superior colon 
cleansing and the frequency of reported side 
effects was similar for both groups (59% vs. 58% 
for sodium phosphate and Neutra prep/LoSo 
prep, respectively)  [  9  ] . A 2010 study comparing 
sodium phosphate and magnesium citrate showed 
that residual stool and  fl uid were comparable, but 
the attenuation of tagged  fl uid was closer to opti-
mal with magnesium citrate, potentially increas-
ing lesion conspicuity  [  29  ] . Interestingly, 
although magnesium citrate is classi fi ed as a “dry 
prep,” analysis of the ACRIN trial data showed 
that magnesium citrate was associated with 
signi fi cantly more residual  fl uid compared with 
both PEG and sodium phosphate  [  5  ] . Our pro-
gram exclusively uses magnesium citrate, given 
as a double dose (296 mL × 2), except in those 
patients who require 2-day bowel prep, in whom 
PEG is added to the regimen.  

   Polyethylene Glycol 

 Several formulations of PEG are available by 
prescription, as well as over-the-counter. Bowel 
preparation with PEG is usually performed by 
drinking 4 L of the electrolyte solution, contain-
ing 236 g of PEG, on the afternoon before the 
CTC. Although widely used for OC preparation, 
PEG has increasingly fallen out of favor for use 
in CTC. PEG preparation frequently leaves liquid 
in the colon, which is suctioned at OC without 
dif fi culty, but potentially obscures lesions at CTC 
 [  17  ] . It also has the poorest compliance of the 
preparations, due to its taste and consistency, as 
well as the daunting volume. At one experienced 
center, PEG accounts for less than 1% of CTC 
preparations  [  30  ] . 

 Side effects with PEG are not as alarming as 
with sodium phosphate, since PEG has the bene fi t 
of not causing signi fi cant  fl uid shifts and it is 
safer for those susceptible to such effects  [  31  ] . 
However, it too can potentially lead to electrolyte 
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disturbances, albeit to a lesser extent. Reported 
adverse events attributable to oral PEG generally 
re fl ect sodium imbalance, gastrointestinal injury 
caused by vomiting, allergic reactions, and aspi-
ration  [  22  ] . Interestingly, three meta-analyses 
showed that there were no signi fi cant differences 
in adverse events between sodium phosphate and 
PEG, suggesting that, although the adverse 
events may be different, PEG may not be any 
safer  [  16,   18,   21  ] . 

 As discussed above, trials examining the rela-
tive ef fi cacies of sodium phosphate versus PEG 
have yielded varying results. A study performed 
on a population with a high-residue diet showed 
better colonic cleansing and shorter CTC inter-
pretation times with a PEG-based preparation 
compared to the sodium phosphate-based prepa-
ration  [  20  ] . However, most studies have shown 
that sodium phosphate is superior to PEG in 
residual  fl uid, cleansing, patient preference, and 
compliance  [  15–  19  ] . Yet, two meta-analyses, the 
larger of which analyzed 24 studies, found no 
signi fi cant difference in quality of bowel prepara-
tion between sodium phosphate and PEG  [  16, 
  21  ] . More recently, retrospective analysis of the 
ACRIN trial data showed that the sensitivity and 
speci fi city for polyp detection did not differ 
between preparations  [  5  ] . 

 The majority of patients experience inconve-
nience and discomfort, no matter what type of 
bowel preparation is used  [  32,   33  ] . Reduced, lim-
ited cathartic, or noncathartic CTC with fecal 
tagging has the potential to do away with the 
most burdensome part of the examination. 

   Special Considerations 

 For those patients referred to CTC with history 
of poor bowel preparation, diabetes, or neuro-
muscular disorders, special attention must be 
paid to the type of prep prescribed. In this 
instance, a 2-day prep should be considered. The 
patient is kept on a low- fi ber, clear-liquid diet for 
2 days prior to the examination, instead of just 
the day before. Two days before the examination, 
the patient drinks 4 L of PEG. The following day, 
they undergo the standard bowel preparation 

with magnesium citrate and fecal tagging agents. 
We do not consider diverticulosis an indication 
for a 2-day bowel preparation, as this has been 
shown not to impair good bowel cleansing  [  34  ] .   

   Fecal and Fluid Tagging 

   Background 

 Fecal tagging is the norm in CTC  [  32,   33,   35  ] . 
High-density oral contrast agents are typically 
ingested the day before the examination. Any 
residual feces and  fl uid mix with the contrast 
media so that they become homogeneously high 
in attenuation and are therefore easily differenti-
ated from soft tissue density polyps or masses 
(Figs.  5.1  and  5.2 )  [  36  ] . Tagging is thought to 
help improve the performance of CTC for polyp 
detection  [  37,   38  ] . The optimal tagging density in 
phantom studies has been shown to be 700 
Houns fi eld units and greater  [  39  ] . Higher attenu-
ation may result in more artifacts and can decrease 
lesion conspicuity (Fig.  5.3 )  [  29  ] . Fecal tagging 
underpins the ability to perform CTC without (or 
with less) bowel preparation, so-called “reduced 
cathartic” or “noncathartic” bowel preparation, 
discussed below. Many different contrast agents 
and combinations of agents have been used for 
fecal tagging  [  33,   40–  45  ] . There are two main 
classes tagging agents: barium-based and iodine-
based (both ionic and nonionic).     

   Barium 

 Also used in standard abdominal CT scanning, 
barium formulations are generally safe and are 
familiar to radiologists. Various densities of 
barium-based agents (e.g., Tagitol V 40% W/V; 
E-Z CAT 2% W/V.; Bracco Diagnostics) have 
been advocated  [  33  ] . Tagging protocols utiliz-
ing barium alone have been found to be effec-
tive  [  38,   46,   47  ] . Lower concentrations of 
barium, when used alone, may not have high 
enough attenuation to be helpful. In general bar-
ium agents are given in combination with iodi-
nated contrast. 
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 Because barium preferentially tags solid stool, 
not liquid, it can cause inhomogeneous tagging if 
used alone  [  37  ] . Higher concentrations of barium 
have been described to leave  fl occulation or a 
“sticky coat” on the colonic wall, interfering with 
visualization of the colonic wall and complicat-
ing interpretation (Fig.  5.4 )  [  48  ] . This problem 
can be solved by giving lower concentrations of 
barium earlier in the day, before the last dose of 
cathartic  [  48  ] . High-density barium, particularly 
if heterogeneous, causes problems for electronic 
cleansing software, discussed below  [  49  ] . As a 
side effect, barium can cause obstipation or even 

impaction  [  50  ] . Interestingly, there is evidence 
that barium selectively adheres to villous ade-
nomas, a potentially bene fi cial property  [  51  ] .   

   Iodinated Agents 

 As with barium, iodine-based high-osmolarity 
oral contrast agents are generally safe and famil-
iar. Iodinated agents are hypertonic, can cause 
 fl uid shifts into the bowel lumen, and thus have an 
additional cathartic effect  [  52,   53  ] . Because they 
act to soften the stool, they mix homogeneously 

  Fig. 5.1    A cluster of densely tagged stool can have the 
appearance of small polyps. ( a ) 3D endoluminal image of 
the colon demonstrates a cluster of small polypoid lesions 

( arrows ). ( b ) 2D axial image demonstrates that these 
polypoid lesions correspond to foci of densely tagged 
stool ( arrows ), and can thus be disregarded       

  Fig. 5.2    Adherence stool on the ileocecal valve can 
imitate a mass lesion. ( a ) 3D endoluminal image of the 
ileocecal valve demonstrates an irregular, mass-like 
lesion ( arrow ), which appears to originate from the valve. 

( b ) Corresponding 2D axial image demonstrates that the 
“lesion” is actually densely tagged stool ( arrow ) adherent 
to the valve and can thus be disregarded       
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with colonic contents, which results in more 
uniform attenuation, improving the ease of inter-
pretation  [  33,   52,   53  ] . Iodinated contrast alone 
may also be used to tag residual material in the 

colon  [  40,   41,   53  ]  but in general are used in 
combination with barium. There are two varieties 
of iodinated contrast agents, ionic and nonionic.   

   Ionic Iodinated Agents 

 The most commonly used agent in the United 
States is sodium diatrizoate (Gastrogra fi n, Bayer 
Shering Pharma, Berlin) also commonly used as 
oral contrast in standard CT examinations  [  40, 
  41  ] . Ionic iodinated contrast is water soluble, a 
property that lends itself to homogeneous tagging 
 [  30  ] . Although less costly than nonionic agents 
 [  33  ] , the taste is unpleasant, especially in large 
amounts  [  54  ] . Despite a generally good safety 
pro fi le, it can induce diarrhea and dehydration. 
Rare anaphylactoid reactions have been reported 
 [  55  ] . Sodium diatrizoate is contraindicated in 
those with iodine allergies, in which case barium 
alone is substituted. Doses as low as 20 mL have 
been shown to be adequate for tagging purposes 
 [  33  ] , although up to 60 mL is commonly used.  

   Nonionic Iodinated Agents 

 As with their ionic cousins, nonionic agents are 
also water soluble  [  30  ] . Nonionic agents (i.e., 
iopromide, iohexol) have a lower risk for causing 
diarrhea and dehydration. Unlike sodium diatri-
zoate, nonionic agents are nearly tasteless and 
have good patient acceptance  [  33,   56  ] . Nonionic 
agents are less commonly used because they are 
more expensive than both barium and ionic iodi-
nated contrast  [  33  ] . 

   Combined Tagging 

 Barium and iodine-based tagging agents are com-
monly used in combination, opacifying residual 
solids with barium and  fl uid with iodine. The 
multicenter ACRIN National CT Colonography 
Trial successfully used combined tagging  [  10  ] . 
A total volume of 40 mL of 40% weight/volume 
barium (Tagitol V) was administered orally the 
day before the CT scan in three divided doses. 
A total volume of 60 mL of iodinated contrast 

  Fig. 5.3    Fecal    tagging material is too dense, complicat-
ing interpretation. 2D axial image from CTC demonstrates 
extremely dense tagging material in the sigmoid colon. 
Streak artifact renders the bowel in the left lower quadrant 
dif fi cult, if not impossible, to interpret       

  Fig. 5.4    Adherent barium can cause the appearance of a 
“sticky coat.” 2D axial image of the right colon demon-
strates circumferential, nodular high-density coating on 
the colonic mucosal surface, most obvious anteromedially 
( arrows ). The patient ingested 40% barium as part of the 
fecal tagging component of their bowel preparation. 
Lower concentration barium has been shown to decrease 
this problem of the “sticky coat”  [  48  ]        
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material (Gastrogra fi n 37% organically bound 
iodine) was administered in three aliquots of 
20 mL starting the evening before the CT scan. 

 Following the lead of a large-volume CTC 
program and after noting that the more dense 
barium was causing any “sticky coat” to form, 
our own clinical CTC program has migrated 
away from using 40% barium. We now exclu-
sively use a combined regimen with 2.1% barium 
and 37% Gastrogra fi n with excellent results. 
Although there is no consensus regimen, the 
European Society of Gastrointestinal and 
Abdominal Radiology suggests that the choice of 
tagging agent should be based on local experi-
ence, taking into account any history of allergy 
 [  35  ] . A recently described artifact termed the 
“dense waterfall” is sometimes seen with CTC 
using fecal tagging. This artifact is caused by 
gravitational  fl ow of tagged  fl uid between two 
colonic levels and appears as arciform streak arti-
fact. It is caused by erroneous image reconstruc-
tion brought about by misregistration of moving 
 fl uid and is important because it can imitate or 
obscure pathology  [  57  ] .  

   Translucency Rendering 

 Translucency rendering, or the “translucency 
view,” is a specialized viewing mode in some 
commercial workstations that may help differen-
tiate high-attenuation tagged stool from the soft 
tissue density of a true polyp (Fig.  5.5 )  [  12,   58  ] . 
This mode is typically activated with the push of 
a button. The tool, when superimposed on an 
endoluminal lesion during 3D analysis, assigns 
different speci fi c color patterns to the lesion 
based on its attenuation values. In general, 
densely tagged stool appears white. Polyps have 
a color signature with a red core and gradual 
stepwise shift to green, light blue, and dark blue 
hues more peripherally. Fat density lesions such 
as the ileocecal valve (Fig.  5.6 ), lipomas, and 
impacted diverticula are also well analyzed  [  59  ] . 
In a recent study of 350 patients with 482 colono-
scopically veri fi ed polyps and 50 pseudopolyps, 
the overall average sensitivity for polyp charac-
terization by translucency rendering was 96.6% 

and average overall speci fi city for pseudopolyp 
characterization was 91.3%  [  59  ] .    

   Reduced, Limited Catharsis, 
and Noncathartic CTC 

 Other than improving diagnostic performance, 
one of the reasons for developing fecal tagging 
regimens was the desire to improve the patient 
experience and compliance by decreasing or 
eliminating the most unpleasant aspect of CTC, 
the need for a full bowel preparation  [  60  ] . This 
would be of particular bene fi t to those with lim-
ited mobility, the brittle elderly, or those who have 
a blunted response to laxatives  [  33  ] . Additionally, 
it is thought that by removing the hurdle of a full 
preparation, patients would undergo screening 
with CTC more frequently  [  52,   61  ] . 

 These types of bowel preparation are termed 
nonconventional and include reduced catharsis, 
limited catharsis, or noncathartic preparations. 
“Reduced catharsis” refers to the use of purgative 
medications in approximately half of the dose 
used for conventional preparation. “Limited 
catharsis” refers to the use of laxatives (senna, 
bisacodyl, lactulose) to achieve a relatively mild 
catharsis. “Noncathartic” or “laxative free” refers 
to a preparation without any purgative or laxative. 
All of these nonconventional bowel preparations 
are dependent on excellent fecal tagging  [  62  ] . 

 Although patient acceptance is higher with 
lower doses of iodine and tagging agents, it has 
been recommended that doses of 50 mL meglu-
mine ioxithalamate be used for optimal tagging 
quality in noncathartic CTC  [  63  ] . It is especially 
important with noncathartic preparations that 
good homogeneity and high tagging density be 
achieved. Low-density tagging increases the 
dif fi culty of polyp detection, increases false-
positives, and decreases diagnostic accuracy  [  53  ] . 

 The literature regarding the diagnostic perfor-
mance of nonconventional CTC is mixed, with 
some studies showing favorable  [  37,   41,   52,   64  ]  
and others unfavorable  [  65–  67  ]  results. In general, 
although results are promising, further study is 
necessary because study design is inconsistent 
and data are limited. A systematic review of nine 
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prospective studies of CTC with nonconventional 
bowel preparation was recently published  [  62  ] . 
In six studies, detection of polyps 10 mm or larger 
was good  [  38,   41,   47,   52,   67,   68  ] , with both per-
polyp and per-patient sensitivities ranging from 
82%  [  67  ]  to 100%  [  38,   41,   68  ] . In the two studies 
in which electronic cleansing was used, per-patient 
sensitivity for polyps 10 mm and larger was 100% 
 [  68  ]  and 96%  [  52  ] . In three studies  [  64–  66  ] , per-
formance was relatively poor for polyps larger 
than 10 mm, with the per-polyp sensitivity ranging 
from 0%  [  65  ]  to 63.3%  [  66  ]  and per-patient sen-
sitivity ranging from 0%  [  65  ]  to 75.3%  [  64  ] . It 
should be noted that two of the poor-performing 

studies  [  64,   66  ]  used what would be considered 
suboptimal doses of contrast in one  [  64  ]  and 
iodine only in the other  [  66  ] . 

 Sensitivity and speci fi city of smaller lesions is 
worse. In a 2008 study by Jensch et al., CTC with 
fecal tagging without stool subtraction and a 
bisacodyl-only prep was compared with colonos-
copy  [  67  ] . Sensitivity for lesions 6 mm and 
greater was 76%. However, despite homogeneous 
fecal tagging, there were a large number of false-
positive  fi ndings (speci fi city 79%) when 6 mm 
was used as a size threshold. In a 2009 study by 
Nagata, minimum laxative CTC with fecal tag-
ging demonstrated equally high sensitivity to full 

  Fig. 5.5    Translucency rendering can be used to differen-
tiate soft tissue polyps from adherent stool. ( a ) 3D endolu-
minal image shows a 7-mm sessile polypoid lesion on a 
haustral fold. ( b ) Translucency rendering applied to 3D 
image in “ a ” shows completely white interior, indicative 
of contrast material tagging. This appearance excludes a 

true polyp, so it is not necessary to perform 2D correla-
tion. ( c ) 3D endoluminal image shows 1-cm sessile polyp. 
( d ) Translucency rendering applied to 3D image in  c  
shows typical color pattern of a soft tissue polyp, consist-
ing of  red core  and gradual uniform shift to  green ,  light 
blue , and  dark blue  hues more peripherally       
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laxative examination  [  33  ] . However, the full lax-
ative fecal-tagged CTC yielded a higher 
speci fi city.    He concluded that it might be desir-
able to offer patients the option of the full prep 
for highest accuracy and the ability to perform a 
same-day colonoscopy, or a minimum laxative 
CTC for those who are willing to accept an 
increased risk of false-positives and attendant 
unnecessary colonoscopy, which not only is 
inconvenient but also increases risk and costs. 

 A problem with nonconventional preps is the 
dif fi culty of performing a primary 3D interpreta-
tion without the ability to perform electronic 
cleansing. Residual stool and artifacts render the 
3D virtual colonoscopic view uninterpretable, as 
the colonic mucosa is essentially “buried.” A large 
number of  fi lling defects have to be addressed one 
by one (Fig.  5.7 ), an “insurmountable task.”  [  52  ]  
Even with stool subtraction, optimal fecal tagging 
would be needed to make 3D interpretation pos-
sible  [  45  ] . Without the bene fi t of stool subtrac-
tion, a primary 2D method with 3D problem 
solving must be employed. Primary 2D approaches 
permit the reader to rapidly examine the internal 
density of  fi lling defects and decide if they are 
soft tissue polyps or if they actually contain air or 
tagging agent consistent with stool  [  52  ] . In gen-
eral, interpretation of noncathartic CTC is a 
tedious task.   

   Electronic Subtraction of Tagged 
Material 

 “Electronic subtraction,” also called “electronic 
cleansing,” refers to post-processing of CTC data 
to remove interfering high-density tagged liquid 
and stool, so that theoretically one is left with 
only the colonic mucosa and any soft tissue 
abnormalities to interrogate (Fig.  5.8 )  [  49  ] . 
Electronic subtraction improves visualization 
whether the prep is a full prep with fecal tagging 
or a less rigorous limited or noncathartic one. 
A number of commercial platforms now feature 
electronic cleansing algorithms  [  69  ] .  

 Presently, cleansing algorithms performed by 
post-processing software are threshold based, 
and artifacts often arise that complicate image 
interpretation. The technique is challenging 
from a programming aspect, mostly because of 
the heterogeneity of fecal tagging (Fig.  5.9 ), 
variable colonic transit times, and normal desic-
cation of stool as it progresses through the colon. 
Additionally, interfaces of air, tissue, and stool 
are prone to partial volume artifacts  [  52  ] . “Over-
subtraction,” where areas of normal tissue or 
polyps are subtracted along with the stool, can 
be a problem and must be avoided. New tech-
niques are being developed to improve elec-
tronic cleansing. Spectral electronic cleansing, 

  Fig. 5.6    Translucency rendering demonstrates the internal 
composition of the ileocecal valve. ( a ) 3D endoluminal 
image of the ileocecal valve demonstrates normal valve 

morphology with a  fl at, slit-like opening. ( b ) Translucency 
rendering applied to the 3D image in “ a ” shows assignment of 
 green  and  blue shades  to the valve, indicative of fat content       
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  Fig. 5.7    Residual stool can imitate a mass lesion. ( a ) 3D 
endoluminal image of the sigmoid colon demonstrates an 
intraluminal lesion, which could represent a large polyp or 
mass. ( b ) 2D axial image shows multiple stool balls 

( arrows ) in this patient who had a very poor bowel prepa-
ration. The lesion in question corresponded to one of these 
stool balls       

  Fig. 5.8    Electronic stool subtraction can be useful to 
detect lesions submerged in liquid. ( a ) 3D endoluminal 
image of the base of the cecum demonstrates a 1-cm 
pedunculated lesion ( arrow ). Electronic stool subtraction 
was applied to this image. ( b ) Prone 2D axial view of the 
lesion in  a  ( arrow ) demonstrates that it is soft tissue den-
sity, concerning for a polyp. ( c ) Prone 3D endoluminal 
image generated on a different workstation without stool 
subtraction using discriminate differential color coding, 
shows only tagged  fl uid (assigned a  golden color ) within 
the lumen. The lesion is submerged under the liquid and 

is not visible. ( d ) Corresponding prone 2D axial image 
without stool subtraction applied shows the lesion ( arrow ) 
is submerged under the tagged  fl uid. The lesion is still 
easily appreciable on the 2D view but impossible to see 
on the unsubtracted 3D endoluminal image. ( e ) Photograph 
from the optical colonoscopy shows that the cecal lesion 
has a polypoid morphology, but on close inspection its 
surface was not characteristic of an adenomatous polyp. 
The patient had a remote history of appendectomy, and 
this lesion represents an inverted appendiceal stump, a 
potential pitfall  [  183  ]        
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based on dual-energy CT, may decrease the 
number of artifacts and improve image quality. 
In a 2008 study of a group of patients drawn 
from the Walter Reed Army Medical Center 
database, Serlie found that electronic cleansing 
shortened interpretation time, lowered assess-
ment effort, and had a positive effect on observer 
con fi dence  [  70  ] . Although stool subtraction has 
been shown to improve the sensitivity of CTC, 
studies have also shown that speci fi city can 
decrease, especially for the detection of moder-
ate sized polyps  [  52  ] .   

   Discriminative Color Coding 

 An additional technique taking advantage of 
fecal tagging is discriminative color coding. 
This is a color enhancement technique available 
on some workstations that can be used during 
primary 3D interpretation. When activated, 
computer software color codes high-attenuation 
material on the 3D images so that residual liq-
uid and adherent tagged stool can be easily dis-
criminated from soft tissue density polyps, 
decreasing the need for 2D correlations 
(Figs.  5.8  and  5.15 ). This technique has been 
shown to shorten interpretation times when 
compared with a standard primary 3D interpre-
tation approach  [  71  ] .   

   Performance of CT Colonography 

   Patient Arrival 

 Examinations are scheduled  fi rst thing in the 
morning. After checking in to the radiology 
department, the patient is escorted to a dressing 
room and instructed to change into a gown. The 
technologist speaks with the patient and explains 
what to expect in the CT suite. The nurse requests 
that the patient attempts to evacuate one last time 
and inquires about the compliance with the prep-
aration as well as the appearance of the stool. If 
the patient has not completed the preparation as 
instructed or continues to have semisolid stools, 
rather than rescheduling the CTC, more cathartic 
agents may be administered in the department, 
schedule permitting. Routine administration of a 
self-administered phosphate enema before the 
examination is not indicated, having been shown 
in a study of noncathartic CTC to not decrease 
residual stool, to increase retained  fl uid, and to 
reduce diagnostic con fi dence  [  72  ] .  

   Insuf fl ation 

 Ample colonic distention is of fundamental 
importance for CTC. Collapsed segments can 

  Fig. 5.9    Electronic stool subtraction artifacts can create 
pseudo-lesions. ( a ) 3D endoluminal image of the trans-
verse colon demonstrates an irregular polypoid protrusion 
( arrow ). ( b ) Supine 2D axial image through the area of 
interest in  a , using electronic stool subtraction, demon-
strates a heterogeneous, linear, soft tissue density ( arrow ). 
( c ) Corresponding 2D axial image without stool subtraction 

applied demonstrates a thin layer of poorly tagged fecal 
material ( white )  fl oating on top of radiodense contrast. 
This material did not meet minimum Houns fi eld units to 
be recognized and subtracted by the computer software 
and thus remained within the colonic lumen after the 
higher density liquid was subtracted, creating a distracting 
pseudo-lesion       
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obscure or mimic pathology (Fig.  5.10 ), reducing 
sensitivity and speci fi city. With inadequate 
colonic distention, diagnostic con fi dence can be 
diminished and interpretation times prolonged 
 [  3,   73  ] . Insuf fl ation can be achieved by adminis-
tration of either room air or carbon dioxide (CO 

2
 ), 

via a manual pump or electronic insuf fl ator. The 
most basic technique is room air insuf fl ation 
using a handheld plastic bulb  [  74  ] . This method 
can even be performed by patients themselves 
 [  45  ] . Of the possible combinations, electronic 
insuf fl ation of CO 

2
  is highly favored for reasons 

given below.  
 Burling demonstrated that automated CO 

2
  

insuf fl ation signi fi cantly improved colonic dis-
tention compared to manual carbon dioxide 
insuf fl ation, particularly the left colon in the 
supine position and the transverse colon when 
both supine and prone scans were combined 
 [  74  ] . Slow, continuous, low-pressure administra-
tion of CO 

2
  can only be achieved with the elec-

tronic insuf fl ator. This helps alleviate colonic 
spasm, especially in segments with diverticular 
disease  [  30  ] . CO 

2
  has superior lipid solubility 

and higher partial pressure gradient than room 
air and is thus more rapidly absorbed from the 
colon into the blood stream and exhaled with 
respiration  [  75  ] . Post-procedural gaseous dis-
comfort is less than with room air  [  12,   76  ] , and 

patients often feel back to normal by the time 
they get off the CT table. 

 Electronic CO 
2
  insuf fl ation also improves the 

safety of the examination. The perforation risk 
with electronic CO 

2
  insuf fl ation is negligible in the 

screening population. Close to all of the reported 
perforations from CTC have involved staff-con-
trolled manual insuf fl ation of room air  [  77  ] . In two 
large series, the risk of colonic perforation at CTC 
was approximately 0.06%  [  78,   79  ] . In a review of 
11,870 CTCs, seven perforations occurred, all of 
which involved manual insuf fl ation of room air 
 [  79  ] . Risk factors for perforation include advanced 
age, recent colonoscopy, diverticular disease, 
recent colonic biopsy (Fig.  5.11 ), inguinal hernia, 
and obstructive carcinoma [78, 79].  

 In patients who have undergone incomplete 
OC and are referred for same-day CTC, it is 
important to inquire whether a biopsy or polypec-
tomy was performed. Patients who have under-
gone deep cold forceps biopsy, hot snare 
polypectomy, or endoscopic mucosal resection 
should wait at least 1 week before undergoing 
CTC. In patients who have had an incomplete 
OC, even if they have not undergone shallow cold 
forceps biopsy, we obtain CT images of the abdo-
men and pelvis before insuf fl ation of intra-rectal 
air. This is done as a safety precaution, to exclude 
the possibility of perforation.  

  Fig. 5.10    Poor distention of the colon can simulate mass 
lesions. ( a ) Prone 2D axial image of the sigmoid colon 
shows a possible mass lesion (between  arrows ) in the sig-
moid. This could also represent a pseudo-mass due to 
under distention. ( b ) Corresponding supine axial 2D 
image of the sigmoid colon ( arrow ) shows that this area 

remains poorly distended, limiting evaluation. ( c ) Prone 
3D endoluminal view of the area in question demonstrates 
a possible mass versus a poorly distended complex fold. 
A decision was made to perform same-day sigmoidos-
copy. No mass was found. This was a pseudo-lesion from 
underdistention, a common cause of false-positives       
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   Patient Positioning 

 Insuf fl ation techniques vary between centers  [  12, 
  30  ] , but it is agreed that both supine and prone 
images are necessary. The rationale of dual posi-
tioning is to redistribute residual  fl uid, as well as 
to help redistribute air. A segment of colon may 
distend well on one view, but not another 
(Fig.  5.12 )  [  80  ] . Polyp detection sensitivity has 
been shown to improve when both supine and 
prone acquisitions are performed  [  73,   80  ] .  

 The exam is often started with the patient in the 
right side down decubitus position in order to 
facilitate rectosigmoid and descending colon dis-
tention. At our institution, with the patient on their 
right side on the CT table, a radiology tech or 
nurse inserts a thin,  fl exible rectal catheter. This is 
connected to the electronic CO 

2
  insuf fl ator 

(PROTOCO 
2
 L, Bracco). For comfort, we avoid 

using larger catheters, such as those used at bar-
ium enema, unless the patient needs help retaining 
the CO 

2
 . A target pressure of 25 mmHg is pro-

grammed, and the CO 
2
  is administered, titrating to 

pressure and patient comfort. It is important to 
acquire the CT images during active replacement 
of CO 

2
  at equilibrium pressures  [  30  ] . Because of 

differences in colonic anatomy, patient tolerance, 

small bowel re fl ux, and anal incontinence, the 
total volume of gas delivery can vary widely and 
thus has little signi fi cance  [  74  ] . Anywhere from 3 
to 10 L may be needed for suf fi cient distention 
 [  12,   30  ] . Patient cooperation with gas retention is 
essential. 

 After insuf fl ation of approximately 1.5 L, 
insuf fl ation is continued in the supine position 
until the patient reports fullness in the right side 
of the abdomen, usually indicating cecal disten-
tion. One must always be aware of patient com-
fort, as well as the displayed pressure reading. 
When ready for scan acquisition, the patient 
exhales and then holds their breath, elevating the 
diaphragm, expanding the abdominal cavity, and 
allowing more room for the splenic  fl exure and 
transverse colon  [  30  ] . A CT scout image is used 
to assess colonic distention (Fig.  5.13 ). If disten-
tion is adequate, a supine CT scan is performed.  

 Unfortunately, the scout is at times unreliable 
for evaluation of distention. For this reason, tech-
nologists or research assistants are sometimes 
trained to assess the adequacy of distention by 
reviewing the CT images on the scanner console. 
This allows for problem solving in real time and 
reduces the need for callbacks. At our institution 
the interpreting radiologist or the body-imaging 

  Fig. 5.11    Deep biopsy or polypectomy is a risk factor 
for perforation during CT colonography. ( a ) 3D endolu-
minal view of the sigmoid colon demonstrates a large, 
irregular, nearly obstructing mass lesion. This lesion had 
undergone biopsy earlier in the day, and the scan was 
ordered to clear the proximal colon of synchronous 
lesions. ( b ) Corresponding 2D axial supine image 

demonstrates the mass ( white arrow ) along the right wall 
of the sigmoid colon. Foci of gas can be seen in the lesion 
post biopsy. Additionally, there is extracolonic gas ( black 
arrow ). Because a scan was not performed before CO 

2
  

insuf fl ation, it is unknown whether this small perforation 
was due to the biopsy or CO 

2
  insuf fl ation. The patient 

was asymptomatic       
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fellow are involved with scan acquisition from 
start to  fi nish. However, in a busy CT practice, 
assigning quality assurance responsibility to the 
CT technologist is an important goal that neces-
sitates continued training and feedback  [  81  ] . 
After supine acquisition, the patient is turned 
prone. Elevating the torso and hips with pillows 
can be helpful, especially in overweight patients. 

External abdominal compression in the prone 
position can cause poor colonic distention, espe-
cially in the transverse colon  [  12,   82  ] . Once 
prone, the scout is repeated. Equilibrium CO 

2
  

pressures are maintained at 25 mmHg. At that 
point, axial prone images are obtained. 

 If, after acquisition of prone and supine data 
sets, a portion of the colon is not visualized well 
on either position, a decision can be made to 
obtain a third set of images, most commonly a 
right lateral decubitus (Fig.  5.14 ). To limit radia-
tion exposure and improve ef fi ciency, programs 
should limit a third series as much as possible 
without sacri fi cing diagnostic performance  [  81  ] . 
Most commonly, the sigmoid and/or the descend-
ing colon is the offending segment  [  30  ] , and the 
patient in that instance would be placed in the 
right lateral decubitus position to facilitate dis-
tention of the nondependent sigmoid colon. As 
expected, the rate of obtaining a right lateral 
decubitus series in a diagnostic cohort is higher 
than that of a screening, likely because many of 
the reasons for failed OC (diverticulosis, redun-
dancy, tortuosity, and obstructing masses) can 
lead to challenges with luminal distention at CTC 
 [  81  ] . Advanced diverticular disease of the sig-
moid colon is a recognized cause of luminal non-
distention  [  83  ] . At times, because of circular 
muscular hypertrophy and poor distensibility 
 [  84  ] , the sigmoid will not be well visualized in 
any position. In these instances, a decision to per-
form unsedated  fl exible sigmoidoscopy may be 

  Fig. 5.12    Dual positioning may eliminate pseudo-lesions. 
( a ) 3D endoluminal view of the sigmoid colon demon-
strates apparent severe narrowing with only a pinpoint 
lumen ( arrow ) visible. ( b ) Corresponding supine 2D axial 
image demonstrates apparent wall thickening and luminal 

narrowing at the area in question (between  arrows ). This is 
concerning for an apple-core lesion. ( c ) 2D axial image 
obtained in the right lateral decubitus position demonstrates 
better sigmoid distention, without evidence of a mass 
lesion. This demonstrates the value of dual positioning       

  Fig. 5.13    The scout image is used to check for adequate 
distention before scanning. Supine scout view of CTC 
during CO 

2
  insuf fl ation shows good distention of the 

entire colon, without signi fi cant small bowel re fl ux       
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considered  [  83  ] . An additional consideration in 
positioning relates to patients with limited mobil-
ity, in whom supine and right lateral decubitus 
may be suf fi cient, obviating the dif fi cult task of 
turning these patients prone.   

   Spasmolytics 

 Spasmolytic agents such as glucagon have been 
investigated with the goals of lessening patient 
discomfort and reducing peristalsis and resultant 

motion artifact. Part of the rationale for using 
glucagon arises from its role as an antiperistaltic in 
barium enema studies  [  85  ] . A placebo-controlled 
study of glucagon in double-contrast barium ene-
mas demonstrated that glucagon lessened patient 
discomfort. However, the onset of maximum 
effect was after 8 min post administration  [  86  ] . 
Given that image acquisition with multidetector 
row CT (MDCT) is so fast, if given glucagon 
immediately before the exam, patients will have 
already completed the CTC before glucagon 
achieves its maximum effect  [  87  ] . The alternative, 

  Fig. 5.14    Right lateral decubitus views may be useful 
when a particular segment is collapsed on both supine and 
prone images. ( a ) Scout supine image of the abdomen 
demonstrates that the descending colon ( arrow ) is subop-
timally distended. ( b ) Supine 2D axial image shows that, 
compared with the transverse colon ( open arrow ), the 
descending colon ( arrow ) is suboptimally distended. 

Prone positioning (not shown) did not improve distention. 
( c ) Scout image in the right lateral decubitus ( right-side-
down ) position demonstrates somewhat improved disten-
tion of the descending colon ( arrow ). ( d ) Right lateral 
decubitus 2D axial images con fi rm better distention of the 
descending colon ( arrow )       
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waiting for glucagon to take effect, increases total 
duration of the examination  [  76  ]  and decreases 
ef fi ciency. Glucagon is also costly (wholesale cost 
is US$48–66 per 1-mg vial). It requires an IV or 
intramuscular injection, increasing discomfort 
 [  87  ] . It also carries a risk of side effects, such as 
nausea and vomiting  [  76  ] . 

 Most importantly, studies of glucagon in CTC 
have shown no objective bene fi cial effects. In a 
blinded, non-randomized study of 60 patients 
undergoing CTC, the 33 patients who received 
glucagon did not show any difference in segmen-
tal or overall colonic distention  [  88  ] . Morrin stud-
ied 74 patients who were administered glucagon 
before CTC and found that distention scores for 
the glucagon and non-glucagon patients were 
similar  [  87  ] . Its lack of proven effectiveness in 
CTC is not surprising physiologically, given that 
the colon is recognized as the least responsive part 
of the bowel to the antiperistaltic effects  [  89  ] . 

 Though not available in the USA, the spasmo-
lytic Buscopan is available in Europe and has been 
suggested to be more effective than glucagon as 
an antiperistaltic agent  [  90  ] . However, despite 
improved colonic distension in certain segments, 
Buscopan did not necessarily translate into 
improved polyp detection, and thus it is not rou-
tinely used in CTC. Based on the literature, there 
does not appear to be justi fi cation for routine use 
of spasmolytics in CTC. At the same time, a small 
percentage of patients may have cramping and 
pain that signi fi cantly limits tolerance of bowel 
insuf fl ation, and in these selected cases, adminis-
tration of glucagon may be worthwhile  [  12  ] .   

   CT Data Acquisition 

 Since the introduction of spiral or helical CT in 
the early 1990s, CT scanning has sped up by a 
factor of at least 500, such that the CT acquisition 
portion of the exam is not at all rate limiting. 
Modern scanners can acquire the CT data in 
10–15 s, which is well within the breath holding 
capability of almost all patients. There remain, 
however, important considerations related to slice 
thickness, reconstruction interval, and radiation 
dose that we elaborate further here. 

   Imaging Parameters 

 Careful setting of the scan parameters is needed 
to balance image quality (spatial and contrast 
resolution, and slice thickness) and radiation 
dose. Now, with MDCT, data can be acquired 
much faster, even with thinner slices. In a 2005 
meta-analysis, seven studies that used multide-
tector scanners had higher sensitivity than nine 
studies in which a single-detector scanner was 
used (95% versus 82%)  [  91  ] . The entire abdomen 
and pelvis can be now scanned within a single 
breath hold, which decreases both respiratory and 
peristalsis motion artifacts. 

 Initial work with single-detector CTC usually 
used 3–5-mm-thick sections with a high degree 
of image overlap for data acquisition  [  92–  94  ] . 
However, we now realize that the acquisition of 
thin sections is essential for the performance of 
CTC because they decrease partial volume aver-
aging and improve quality of the multiplanar 
reconstruction (MPR) and endoluminal reformats 
 [  12,   95  ] . Moreover, thinner slices improve sensi-
tivity for polyps and improve speci fi city, as 
shown in a 2005 meta-analysis  [  91  ] . The same 
meta-analysis evaluated data from 19 studies and 
suggested that every 1-mm increase in collima-
tion width decreases sensitivity by 4.9%  [  91  ] . 
There is a trade-off, of course, between slice 
thickness and radiation dose. 

 As with any type of CT exam, each time the 
slice thickness is reduced by half, the radiation 
dose must be doubled to maintain image noise 
constant  [  96  ] . Increasing collimation or decreas-
ing tube current (mAs) or voltage (kVp) will 
decrease radiation dose but at the expense of 
increased noise. Because image noise increases 
as dose is decreased, image noise can, at a cer-
tain point, degrade image quality and may 
decrease diagnostic performance, especially for 
smaller polyps  [  97  ] . It may be more dif fi cult to 
differentiate stool from polyps because the atten-
uation of polyps becomes more heterogeneous 
as noise increases. 

 Another advantage of MDCT is that images 
can be reconstructed at thicknesses larger than 
the collimator width, for example at 2.5 or 
5 mm thickness, if desired by the radiologist. 
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This enables ef fi cient interpretation of extracolonic 
structures  [  12  ] . The ACRIN Trial sites used a 
minimal detector collimation of 0.5–1.0 mm, a 
slice thickness of 1–1.25 mm, and a reconstruc-
tion index of 0.8 mm  [  10  ] . The 2009 ACR prac-
tice guidelines for CTC recommend that CTC 
be performed using an MDCT with  ³ 4 detector 
rows, a slice thickness of  £ 3 mm, and a recon-
struction interval of  £ 2 mm  [  98  ] . We review our 
extracolonic structures using 5-mm slices.  

   Radiation Dose 

 Every effort should be made to maintain radia-
tion exposure  as low as reasonably   achievable 
(ALARA) , especially for screening examinations, 
where the bene fi t/risk ratio must be favorable 
 [  99  ] . As CTC becomes increasingly employed 
for colon cancer screening, we must consider any 
possible radiation risk to the population of these 
potential millions of scans  [  99  ] . Concern over 
radiation exposure, real or imaginary, was one of 
the reasons given why Medicare declined reim-
bursement of screening CTC in 2009. 

 Fortunately, because of the large difference 
in the attenuation between bowel wall and 
intraluminal air, as well as the lack of need for 
detailed evaluation of extracolonic structures, 
there is potential for dose reduction. The dose/
noise trade-off can be heavily weighted toward 
low-dose, higher-noise images, while still 
maintaining sensitivity and speci fi city, at least 
for polyps > 10 mm in diameter  [  93,   99–  101  ] . 
Brenner, in a widely cited study, estimated the 
combined prone and supine radiation dose for 
CTC at around 13 mSv  [  102  ] . However, this 
study used data from older generation 8 and 16 
row machines. In comparison, the ACRIN trial 
used newer MDCT scanners with low-dose 
technique and was able to limit dose to approx-
imately 5 mSv per exam  [  10  ] . This is very 
close to the 4.5-mSv annual background expo-
sure at high altitude  [  4  ] . Additionally, a 2008 
study by Liedenbaum surveyed CTC providers 
about their equipment and dose parameters. 
He found that 62% of his questionnaire respon-
dents were using 64 row scanners and 50% 

used dose modulation. The average dose of his 
respondents was 5.7 mSv  [  103  ] . 

 Ultralow-dose scans have been shown to be 
able to deliver an effective radiation dose of 
1.8 mSv for males and 2.4 mSv for females while 
preserving excellent sensitivity (100% for polyps 
greater than 10 mm and 100% for cancers)  [  104  ] . 
In a 2004 feasibility study, van Gelder studied 15 
patients with doses ranging from 0.05 to 12 mSv. 
Overall sensitivity for polyps 5 mm or larger 
decreased at lower doses but was 74% or higher 
down to 1.6 mAs (0.2 mSv)  [  97  ] . Noise-related 
artifacts affect image quality for 3D more than 
2D  [  97  ] , a potential concern for primary 3D read-
ers. However, a recent study of low-dose CTC 
showed that, although cobblestone artifacts and 
irregularly delineated folds were signi fi cantly 
higher with low dose compared with standard 
dose, most of the artifacts were mild and no 
signi fi cant difference in sensitivity was found 
between dose levels for polyps greater than or 
equal to 6 mm in diameter  [  105  ] . 

 Despite these encouraging performance data, 
the use of ultralow-dose scans has yet to catch 
on, possibly because radiologists are unwilling 
to sacri fi ce image quality and further compro-
mise evaluation of extracolonic organs  [  106  ] . 
New techniques, such as adaptive statistical iter-
ative reconstruction (ASIR) and prior image 
constrained compressed sensing algorithm 
(PICCS), have the potential to improve image 
quality at lower radiation doses. A 2010 study 
demonstrated that the standard radiation dose for 
CTC could be reduced 50% when ASIR was 
used, without signi fi cantly affecting image qual-
ity  [  107  ] . As expected, image quality scores 
were best in thin patients, with worse image 
quality and noise in larger patients. PICCS, when 
applied to standard FBP with low-dose multide-
tector CT images, results in considerable noise 
reduction and improved image quality  [  108  ] . 
Further dose reductions can be achieved with 
automatic tube current modulation, a standard 
technique on newer scanners that adjusts tube 
current, and thus the radiation dose, to the 
patient’s body density in order to decrease varia-
tion in image quality. This enables a signi fi cant 
decrease in radiation exposure without decrease 
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in image quality in CTC  [  109  ] . It has been shown 
that an additional dose reduction of 20% can be 
accomplished with attenuation-based tube cur-
rent modulation  [  105  ] . 

 The 2009 ACR practice guidelines for CTC 
specify that the recommended dose level for 
screening CTC should be  £ 50% of the CT dose 
index by volume (CTDI) for routine CT of the 
abdomen and pelvis, which is set at an upper limit 
of 25 mGy  [  110  ] . Thus, for CTC, a CTDI of 
6.25 mGy per position or 12.5 mGy for the entire 
examination is the upper limit  [  111  ] .   

   Interpretation 

   Background 

 Depending on scan parameters, a CTC study can 
contain between 600 and 2,000 images. An ever-
growing number of techniques for 2D and 3D 
reconstructions provide even more images for 
review. Also, advanced adenomas are relatively 
uncommon in a screening population, with an 
incidence of approximately 4%  [  10  ] . Therefore, 
the expectation is that the bulk of CTC studies 
will be “negative.” This “needle in a haystack” 
issue, as well as the fact that CTC is dif fi cult and 
time intensive, can make interpretation intimi-
dating. It is also an issue that considerably moti-
vates research into how to most accurately and 
ef fi ciently interpret CTC, which is the focus of 
this section.  

   Training 

 Before interpretation can begin, one must 
undergo training. It is well documented that the 
detection of carcinoma and polyps improves with 
practice  [  112–  115  ] . Data from the ACRIN trial 
shows that the odds of identifying patients with 
disease increase 1.5-fold for every 50-case 
increase in reader experience or formal training 
 [  113  ] . Although CTC interpretation can be chal-
lenging, even well-trained nonphysicians can 
achieve respectable performance  [  112,   116  ] . 
Multiple professional organizations, including 

the American College of Radiology (ACR), the 
American Gastroenterological Association 
(AGA) Institute, and the International 
Collaboration for CT Colonography Standards 
recommend dedicated training for CTC  [  111, 
  117,   118  ] . The only consistently recommended 
format for training is the educational workshop, 
where attendees receive face-to-face, hands-on 
training using colonoscopically proven cases 
 [  119  ] . Despite these recommendations, many 
interpreters of CTC do not meet minimum rec-
ommended standards. According to a recent sur-
vey of attendees at a CTC training workshop, 
only 24% of those already interpreting CTC had 
interpreted more than 50 cases  [  119  ] . Interest-
ingly, despite evidence that non-radiologists 
desire to interpret CTC  [  120  ] , the great majority 
(97%) of those attending the workshop were 
radiologists  [  119  ] . 

 Training should encompass anatomy, colorec-
tal cancer pathogenesis, examination technique, 
and pitfalls. It should also include appropriate-
ness criteria, risks and bene fi ts, problem solving 
(e.g., the use of IV contrast and decubitus imag-
ing), technologist training, facility requirements, 
quality control, documentation  [  111  ] , and stan-
dardized reporting of intra- and extracolonic 
 fi ndings (C-RADS/E-RADS)  [  113,   121  ] . 
Although training methods may vary, a minimum 
of 50–75 OC-validated CTC practice cases should 
be reviewed  [  122  ] . That said, even this may be 
insuf fi cient, as a recent study demonstrated that it 
required on average 164 CTC studies for novices 
to achieve performance equal to that of experi-
enced interpreters  [  122  ] . 

 Clearly, one of the major goals of training is to 
reduce errors. Therefore, it is necessary to be 
cognizant of the types of errors that degrade per-
formance. Liedenbaum describes three types of 
errors: errors of search (the radiologist’s gaze 
completely misses the abnormality), errors of 
detection (the eyes of the radiologist pass over 
the abnormality, but not long enough for it to be 
recognized), and errors of decision (the abnor-
mality is not correctly characterized)  [  122  ] . One 
can conclude that to reduce errors, competent, 
trained readers must read CTC with concentra-
tion, at a reasonable speed.  
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   Polyp Identi fi cation 

 The goal of CTC is to identify adenomatous pol-
yps before they have time to turn into cancer. 
Polyps may develop anywhere along the mucosal 
lining, including on haustral folds or the ileoce-
cal valve. The typical polyp on CTC is homoge-
neous soft tissue in attenuation and ovoid or 
round in shape (Fig.  5.15 ). Lesions may be ses-
sile, pedunculated (Fig.  5.16 ), or  fl at (Fig.  5.17 ). 
Sessile lesions should not change position with 
respect to the colonic wall between supine and 
prone repositioning. In contrast, residual stool, 
the main source of false-positives, is often het-
erogeneous in attenuation and may contain air 
(Figs.  5.18  and  5.19 ). Stool can be irregular in 

shape and tends to change position between 
supine and prone scans (Fig.  5.20 ).       

 Interpretive pitfalls are abundant, a point that 
underscores the importance of systematic train-
ing and experience. Stool may at times be homo-
geneous in density. Pedunculated polyps may 
trap air and appear heterogeneous in attenuation 
 [  12  ] . Pedunculated polyps may be mistaken for 
pseudo-lesions (false-positives) when, because 
they are on a stalk, they move between supine 
and prone data sets. Additionally, colonic rota-
tion may cause interpretive confusion. The 
ascending colon may have a de fi cient mesoco-
lon  [  123  ]  and may rotate from supine to prone 
positions, resulting in a change in the radial 
polyp position of as much as 79°, causing it to 

  Fig. 5.15    Polyps are usually soft tissue attenuation and 
round in shape. ( a ) 3D endoluminal view of the sigmoid 
colon shows a polypoid  fi lling defect (labeled 1a). ( b ) 
Application of discriminative color coding shows that 
high-density tagged  fl uid and stool is labeled a  golden 

color . The lesion is not color-coded, indicating that it is 
soft tissue density. ( c ) Supine 2D axial image demonstrates 
that the lesion is indeed soft tissue, suspicious for a polyp 
( arrow ). ( d ) Photograph from optical colonoscopy demon-
strates snare retrieval of the polyp ( arrow ) found on CTC       
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  Fig. 5.16    Pedunculated polyps can change their appear-
ance with dual positioning. ( a ) Supine 3D endoluminal 
view of the sigmoid colon demonstrates a 1-cm peduncu-
lated polyp dangling into the colonic lumen ( arrow ). ( b ) 
Corresponding 2D supine axial image demonstrates the 

same polyp ( arrow ). ( c ) 2D prone axial image demon-
strates that the polyp ( arrow ) has assumed a different 
con fi guration because it is now lying dependently along 
the anterior colonic wall. The stalk is no longer evident       

  Fig. 5.17    Flat lesions can be dif fi cult to visualize. ( a ) 3D 
endoluminal view of the cecum demonstrates a contour 
abnormality (labeled 4b) along the medial wall. This 
image is taken from the base of the cecum-looking 
Retrograde. The ileocecal valve is seen in the back-
ground (between  green lines ). The tagged  fl uid in the 
cecum is color-coded  gold . ( b ) Corresponding supine 2D 
axial view of the cecum demonstrates a subtle sessile 

lesion arising from the medial wall (between  white arrows ). 
( c ) Corresponding prone 2D axial view of the cecum dem-
onstrates the sessile lesion (between  black arrows ) is 
entirely submerged by contrast, thus masking it on the 3D 
endoluminal reformats (not shown). ( d ) Photograph from 
optical colonoscopy shows a 3-cm lobulated  fl at lesion 
within the cecum. Biopsies were performed, and histology 
was consistent with tubular adenoma       
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falsely appear mobile  [  124  ] . Characteristics of 
dif fi cult-to-detect polyps include  fl at morphol-
ogy, undulating surface contour, visibility on 
only one view, location on a fold, or morphology 
that imitates a bulbous fold (Fig.  5.21 )  [  113, 
  125  ] . On 2D images, thickened or complex 
folds, real or artifactual, may also be mistaken 
for polyps or masses (Fig.  5.22 ).   

 While the debate about the relevance of  fl at, 
super fi cially elevated, or “non-polypoid” lesions 

 [  126,   127  ]  is beyond the scope of this chapter, 
awareness of their presence and appearance is 
important. These lesions are de fi ned as having a 
height less than or equal to 3 mm  [  126  ] . While 
less conspicuous than polypoid lesions, they are 
still detectable with meticulous technique. Of 
note, this 3-mm de fi nition does not include “car-
pet lesions.”  

   Differential Diagnosis 

 Differential diagnosis of mucosal lesions includes 
not only neoplastic entities such as adenomas 
(tubular, tubulovillous, or villous in histology) 
and adenocarcinoma (Fig.  5.23 ), but also nonneo-
plastic lesion such as hyperplastic, juvenile, 
in fl ammatory, or hamartomatous polyps. These 
are impossible to distinguish on CTC, although it 
is postulated that hamartomatous polyps are  fl atter 
because they are soft and compress easily with 
insuf fl ation  [  128  ] . Submucosal lesion such as 
lipomas, carcinoids, gastrointestinal stromal 
tumors, and hematogenous metastases can also 
imitate polyps (Fig.  5.24 ). Extrinsic lesions, such 
as impression from extracolonic structures 
(Fig.  5.25 ), appendiceal lesions (Fig.  5.26 ), and 
intussusception can also cause interpretive 
dif fi culties. Diverticula, especially when impacted, 

  Fig. 5.18    Stool is often irregular in morphology and con-
tains gas. Prone 2D axial image demonstrates a polypoid 
lesion within the colonic lumen. This can be con fi dently 
diagnosed as stool because it contains a focus of air 
( arrow ) and has an irregular morphology. It is also higher 
attenuation than soft tissue due to fecal tagging       

  Fig. 5.19    Stool may be round in morphology. In this 
case, intralesional gas helps exclude a true lesion. ( a ) 3D 
endoluminal view of the descending colon demonstrates 
a polypoid lesion ( arrow ) between two haustral folds. 

( b ) 2D supine axial image demonstrates that the lesion 
( larger arrow ) is heterogeneous and contains a focus of 
gas ( smaller arrow ), con fi rming that it is residual fecal 
material       
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can imitate disease (Fig.  5.27 ). Anorectal lesions 
such as hemorrhoids or hypertrophied anal papilla 
can simulate polyps or cancers.       

   Workstation Selection 

 Alongside advancements in MDCT, computer 
graphics technology has also evolved, such that 
there are now on the order of ten FDA-approved 
commercial workstations with CTC interpreta-
tion software. Some are thin-client web based, 
some are stand-alone workstations, and others 
are integrated into PACS. While they share many 
features in common, there is substantial variability 

in capabilities and user-friendliness. Basic fea-
tures include the ability to perform MPR and 3D 
endoluminal reconstructions as well as length 
and volume measurements (Fig.  5.28 ). Additional 
features may include wide-angle or panoramic 
views, “virtual dissection” or “ fi let” views, trans-
lucency rendering, stool labeling or color coding, 
electronic stool subtraction, “missed region” 
identi fi cation, and computer-aided detection 
(CAD) among others. All of these features are 
designed to improve diagnostic performance, as 
well as increase reader con fi dence and ef fi ciency. 
Because one “optimal” means of CTC interpreta-
tion does not  fi t all readers, there is considerable 
debate about the best approach to use.   

  Fig. 5.20    Stool usually changes position between supine 
and prone scans. In this example, dual positioning was 
critical because the stool was homogeneous soft tissue 
density. ( a ) 3D endoluminal view of the left colon demon-
strates a polypoid luminal protrusion. Note that the dis-
criminative color coding ( golden colored ) did not identify 
the lesion as tagged stool. ( b ) Application of the translu-
cency views demonstrates that the core of the lesion is  red , 

corresponding to soft tissue density. This appearance is 
highly suspicious for a true polyp. ( c ) 2D axial prone view 
demonstrates that the lesion ( arrow ) layers dependently. 
( d ) 2D supine axial image shows that the lesion again lay-
ers dependently, changing position. This lesion is consis-
tent with residual stool. Note that high-density tagging 
material ( open arrow ) outlines and undercuts the lesion       
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  Fig. 5.21    Polyps can be mistaken for bulbous haustral 
folds. ( a ) 3D endoluminal view of the ascending colon 
demonstrates a polypoid contour abnormality of the base 
of a haustral fold (labeled 1a). ( b ) Corresponding supine 
2D axial image demonstrates asymmetric fold thickening 

along the medial wall ( arrow ). ( c ) Prone axial view of the 
area in question demonstrates a thickened fold along the 
medial wall. ( d ) Photograph from optical colonoscopy 
shows a lobulated, sessile polyp that was subsequently 
removed. The lesion was a tubular adenoma       

  Fig. 5.22    Pseudo-fold thickening can be mistaken for a 
pedunculated polyp. ( a ) 3D endoluminal view of the 
left colon demonstrates a possible pedunculated polyp 
( arrow ). ( b ) 2D axial image of the area in question 
demonstrates that the bulbous component of the lesion 

actually consists of labeled stool on both sides of a non-
thickened fold (between  arrows ). ( c ) Corresponding 2D 
sagittal MPR con fi rms that the fold is not thickened and 
that the bulbous component is composed of tagged 
stool       

   2D Versus 3D Interpretation 

 Without a doubt, comprehensive assessment of 
CTC data requires interrogation of both 2D and 
3D views. That said, upon opening a case at the 

workstation, one can choose to begin the primary 
search for polyps with either 2D or 3D projec-
tions. The 2D data set is the standard grayscale 
display, optimized for polyp detection by employ-
ing high contrast window settings (width = 1,400, 
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level = −350)  [  12  ] . Multiplanar reformats such as 
coronal and sagittal views fall under the umbrella 
of 2D. The 3D data set refers to other data recon-
structions, most commonly virtual endoluminal 
views. A “primary 2D reader”  fi rst reviews the 
data in the axial plane with interrogation and 
problem solving of suspected lesions using 3D 
reformations  [  129  ] . A “primary 3D reader” does 
the opposite, examining the colon with the 3D 
endoluminal view and using the 2D data to inves-
tigate suspected  fi ndings. 

 It has been known for some time that endolu-
minal viewing improves the sensitivity for polyp 
detection at CTC above that achievable with 2D 
alone  [  45,   130  ] . Before 2003, most CTC readers 
used a primary 2D technique, re fl ecting the 
majority opinion that this was the optimal method 
of data interpretation  [  131,   132  ] . This technique 
was also more comfortable and familiar than the 
endoluminal  fl y-throughs. As technology has 
improved and CTC software systems have become 

capable of time-ef fi cient 3D review, attitudes 
have begun to change  [  133  ] . As evidence of its 
superiority accumulates, there has been a more 
recent migration toward primary 3D interpreta-
tion  [  134,   135  ] . 

 To date, there have been  fi ve major CTC trials 
evaluating cohorts of patients with a low preva-
lence of disease. The Department of Defense 
(DOD) CTC screening trial  [  45  ]  used a primary 
3D approach and demonstrated that the sensitiv-
ity of CTC for clinically relevant polyps was 
comparable to that of OC. In contrast, three other 
trials restricted readers to a primary 2D approach, 
and results were inferior  [  136–  138  ] . The most 
recent of the trials, the ACRIN trial, randomized 
readers to interpret in primary 2D or 3D. It dem-
onstrated the there was no difference in perfor-
mance between the two techniques  [  10  ] . 
Confounding the results, however, the majority of 
ACRIN sites used a cumbersome software plat-
form, which at the time, could not really support 

  Fig. 5.23    The differential diagnosis of mucosal lesions 
includes adenocarcinoma. ( a ) 3D endoluminal view of 
the rectum demonstrates a large, irregular, nearly cir-
cumferential mass lesion ( arrows ) in the low rectum. 
( b ) Corresponding prone 2D axial image of the lower 
rectum demonstrates the mucosal mass lesion ( arrow ) 
extending from approximately the 4:00 to the 2:00 posi-
tion. ( c ) Photograph from optical colonoscopy demon-

strates a friable, ulcerated, annular mass in the low 
rectum. Pathology was consistent with adenocarcinoma. 
( d ) Single axial image from staging PET/CT demon-
strates the hypermetabolic primary mass ( arrow ), as 
well as a hypermetabolic perirectal lymph node ( open 
arrow ). ( e ) The same PET/CT at the level of the liver 
demonstrates a hypermetabolic liver metastasis ( curved 
arrow )       
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  Fig. 5.24    Submucosal lesions can be mistaken for polyps. 
( a ) 3D endoluminal view of the rectum demonstrates a 
7-mm polypoid protuberance (labeled 2a). ( b ) Corresponding 
2D axial image con fi rms that the lesion in question is homo-
geneous soft tissue density ( arrow ), concerning for a polyp. 

( c ) Photograph from optical colonoscopy shows that the 
lesion is actually submucosal. Endoscopic mucosal resection 
was performed, the pathology of which revealed a low-
grade neuroendocrine tumor. Small submucosal lesions are 
dif fi cult to discriminate from mucosal lesions at CTC       

  Fig. 5.25    Impression from extracolonic structures can 
imitate lesions. ( a ) 3D endoluminal view of the colon 
demonstrates a contour abnormality along the lateral wall 
(between the  arrows ). ( b ) Corresponding supine 2D axial 

image demonstrates that this contour abnormality is due 
to the impression from the normal right internal iliac 
artery ( arrow )       
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a true primary 3D approach. It is likely, therefore, 
that 3D performance in this trial was underesti-
mated  [  133  ] . Pickhardt, in an ingenious 2007 
study, retrospectively reinterpreted CTC cases 
from the DOD trial (initially read in primary 3D) 
using a primary 2D approach. Results showed 
that, despite the fact that his reviewers were 
signi fi cantly more experienced than those for the 
original trial, the sensitivity for adenomas 
 ³ 10 mm dropped from 92.2 to 75%  [  133  ] . 

 Whatever the method of primary interpreta-
tion, there are inherent advantages and disadvan-
tages to each method. Some pitfalls are lessened 
using primary 3D technique. For example, small 
polyps in particular are more easily separated 
from haustral folds. Complex folds are less likely 
to be misinterpreted as polyps. Primary 3D is 
often easier for inexperienced readers, with a 
shorter learning curve  [  139  ] . Interobserver vari-
ability is lower with 3D technique  [  45,   136  ] . 

  Fig. 5.26    Appendiceal lesions can cause interpretive 
dif fi culties. ( a ) 3D endoluminal view of the cecum dem-
onstrates a round mass lesion ( open arrow ), which is 
inverting the appendiceal ori fi ce ( arrow ). ( b ) 
Corresponding supine 2D axial image demonstrates that 

the appendix ( arrow ) is severely distended, and there is a 
low-density round lesion ( open arrow ) projecting from 
the appendiceal lumen into the cecum. The patient under-
went surgery and was found to have a mucinous cystade-
noma of the appendix       

  Fig. 5.27    Impacted diverticula are a known pitfall at 
CTC. ( a ) 3D endoluminal view demonstrates a polypoid 
protrusion ( arrow ) within the colon, adjacent to a fold, 
suggestive of a small polyp. ( b ) Corresponding 2D axial 

image demonstrates that this lesion is actually an impacted 
diverticulum ( arrow ), a diverticulum with heterogeneous 
inspissated contents that project intraluminally. Note the 
focus of gas ( thin black arrow )       
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Referring gastroenterologists tend to appreciate 
3D endoluminal views because they simulate 
colonoscopy. 

 Advantages of primary 2D interpretation 
include the ability to readily determine the den-
sity of  fi lling defects. 2D evaluation is particu-
larly helpful in cases with poor bowel preparation 
and adherent stool or in segments with luminal 
collapse  [  133  ] . The bowel wall integrity and fold 
contour are also more readily assessed with 2D 
evaluation  [  129,   140,   141  ] . An often-cited advan-
tage of primary 2D over 3D is faster interpreta-
tion time  [  10,   45  ] . For example, the mean 

interpretation times in the DOD study were 
6.7 min for 2D versus 19.6 min for 3D  [  45  ] . In 
the ACRIN trial, they were 19.4 min versus 
25.3 min, respectively  [  10  ] . Longer interpretation 
times for 3D are due to the necessity of perform-
ing a total of four  fl y-throughs, two in each direc-
tion in both the supine and prone positions  [  142  ] . 
This is done in order to avoid “blind areas,” parts 
of the mucosa hidden behind colonic folds or 
simply out of the  fi eld of view of the virtual 
colonoscope. It should be noted that even bidirec-
tional review does not eliminate all blind spots, 
and some 3D workstations can display sequential 

  Fig. 5.28    Length and volume measurements are a basic 
feature of any CTC software package. ( a ) Prone 3D 
endoluminal view of the sigmoid colon demonstrates a 
pedunculated polyp. This software has an automated mea-
surement feature. The user clicks on the suspected abnor-
mality. The software then labels it  red , creating a 
bookmark. Maximum diameter, distance to rectum, and 
volume measurements are displayed. Note that in this 
instance, the length of the automatic measurement caliper 
( arrow ) has likely under-measured the polyp diameter 
(shown in  red ). ( b ) Supine 3D endoluminal “cube view” 
shows the same polyp. Its pedunculated morphology is 
less apparent than on the prone view. The cutaway of the 
cube view allows the area of interest to be rotated and 

viewed from different angles, removing the voxels, which 
interfere with the desired viewing angle. Note that in this 
view, the automated measurement calipers are placed 
more accurately. ( c ) Corresponding prone 2D axial image 
demonstrates a soft tissue polyp ( large white arrow ) in the 
sigmoid colon. Note that tagged liquid ( small black 
arrows ) undercuts the lesion, demonstrating its peduncu-
lated morphology. ( d ) Corresponding supine 2D axial 
image demonstrates the polyp ( large white arrow ) in the 
sigmoid colon. Just as with the 3D endoluminal view, its 
pedunculated morphology is not well appreciated. ( e ) 
Photograph from optical colonoscopy shows a peduncu-
lated polyp in the sigmoid colon. Pathology revealed a 
tubular adenoma       
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blind spots until 100% of the mucosa has been 
displayed  [  143  ] . 

 As both hardware and software have improved, 
the speed of 3D rendering has improved substan-
tially  [  133  ] . As such, the advantage that a primary 
2D viewer has in terms of speed is likely being 
eroded. Speed also improves with experience. 
At one high-volume center, interpretation times 
with a primary 3D approach are under 10 min for 
an average case  [  30  ] . Newer techniques such as 
panoramic views and virtual dissection were 
designed to reduce the need to do both antegrade 
and retrograde navigation, thus shortening inter-
pretation times.  

   Panoramic View 

 Panoramic 3D display was designed to improve 
the visualized surface area in CTC by increasing 
the  fi eld of view from 90 to 120°. It is constructed 
by mapping the frontal view into a square, while 
the other four faces are mapped around it into a 
disk  [  143  ] . This not only widens the  fi eld of view 
but also essentially “stretches open” or unfolds 
the colon, revealing the spaces between and 
behind folds (Fig.  5.29 ). Thus, only unidirec-
tional navigation is needed to evaluate the entire 
mucosa, increasing speed because theoretically 

there are no unseen areas.  [  132,   143,   144  ]  One 
criticism of this technique is mucosal distortion 
and its potential effect on polyp conspicuity 
 [  135  ] . However, this does not appear to in fl uence 
performance, as shown in several studies. A 2011 
retrospective study of 150 OC-validated CTC 
data sets was performed comparing a standard, 
bidirectional primary 3D approach with a unidi-
rectional 3D panoramic view. Overall sensitivity 
was not signi fi cantly different, but mean interpre-
tation times decreased from 14.6 to 7.5 min using 
the panoramic view  [  145  ] . These results are con-
sistent with several other studies demonstrating 
improved ef fi ciency without degraded perfor-
mance.  [  132,   143,   144  ]    

   Virtual Dissection 

 The “virtual dissection” or “ fi let” view grew out 
of laboratory work demonstrating the ef fi cacy of 
the panoramic view in virtual endoscopy  [  146  ] . 
The software was designed to allow overview of 
the entire colonic mucosa at once. To do this, the 
software “slices” along the long axis of the 
colonic 3D model, “ fi leting” it open and display-
ing what was once a cylindrical object as a 
 fl attened rectangular image (Fig.  5.30 )  [  147–  149  ] . 
The appearance is similar to that of a pathologic 

  Fig. 5.29    Panoramic 3D displays widen the  fi eld of view, 
increasing mucosal visualization. ( a ) Standard 3D endolu-
minal view of the sigmoid colon demonstrates color-coded 
liquid layering dependently ( golden color ). ( b ) Panoramic 
wide-angle view of the same region demonstrates how the 
frontal view is mapped into a square, and the other 4 faces 

are mapped around it into a disk. This widens the  fi eld of 
view. A luminal protrusion is seen in the lower right-hand 
corner ( arrow ). ( c ) This panoramic view shows an even 
wider  fi eld of view. The  fi lling defect is seen in the lower 
left-hand corner ( arrow ). Notice the distortion that thins 
and elongates the abnormality       
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specimen, thus the name “virtual dissection.” 
The advantages of the virtual dissection view 
include shorter interpretation times, reduced 
blind spots, and elimination of the need to per-
form both anterograde and retrograde  fl y-throughs 
 [  135,   140  ] . The virtual dissection view has been 
criticized for the anatomic distortion that occurs, 
especially at  fl exures. Polyp shape and size can 
be misrepresented so that even some large polyps 
may be unrecognizable due to distortion  [  144  ] . 
Conversely, normal folds can take on the appear-
ance of polyps. That said, this distortion is fairly 
predictable  [  147  ] . Another criticism of virtual 
dissection is that it must be correlated with the 
standard 2D and 3D views  [  146,   150  ] . However, 
the need for 2D problem solving is not unique to 
the virtual dissection view but applies to all 3D 
techniques  [  151  ] . An additional problem is that 

collapsed segments or annular masses can cause 
skip areas where the lesion is not displayed at all 
 [  148  ] . The learning curve for virtual dissection 
has been voiced as a concern, which could further 
diminish performance for this method  [  144  ] .  

 Performance characteristics of virtual dissec-
tion are lower than those achievable with the 
standard 3D interpretation  [  140,   152,   153  ] . They 
are comparable to 2D in detection rates for both 
experienced  [  135,   140,   152  ]  and inexperienced 
 [  154  ]  readers. In a 2007 study, Johnson showed 
that interpretation times for virtual dissection 
were 28% faster than with the conventional 2D 
method (10.4 min vs. 14.5 min, respectively) 
 [  140  ] . Additionally, he demonstrated that double 
review using both conventional and virtual dis-
section could compensate for poorer-performing 
reviewers, decreasing interobserver variability, 

  Fig. 5.30    The virtual dissection technique enables simul-
taneous visualization of the entire colonic mucosal sur-
face. 3D  fi let view of the colon demonstrates how it is 

virtually straightened along the centerline and “sliced” 
open as if it were a pathologic specimen       
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and improving sensitivity, surpassing even the 
sensitivity of OC for adenomatous lesions  ³  1 cm 
 [  140  ] . At this time, the  fi let view is not commonly 
used as a primary means of interpretation, but 
rather as a useful adjunct.  

   Computer-Aided Detection 

 Computer-aided detection refers to analysis of the 
3D CTC data set by a computer software algo-
rithm to detect and  fl ag lesions that are likely to 
be polyps (Fig.  5.31 ). This has been proposed as 
a way to help readers achieve better performance. 

In the majority of studies, investigators have 
found that CAD does improve readers’ perfor-
mance, particularly those with less experience 
 [  155–  159  ] . One consistent criticism of CAD is 
that it typically generates a number of  fi ndings, 
most of which are false-positives that neverthe-
less have to be interrogated. This has the potential 
to decrease speci fi city, although the majority can 
be quickly dismissed. According to one recent 
study, the three most common causes of false-
positive  fi ndings were the ileocecal valve 
(Fig.  5.32 ), haustral folds, and poorly tagged stool 
 [  160  ] . CAD can be used either concurrently with 
the human interpreter or used as a second reader. 

  Fig. 5.31    Computer-aided detection (CAD) software can 
help detect and mark lesions suspicious for polyps. 
Screenshot from a 3D CTC workstation demonstrates a 
luminal protrusion detected by computer-aided detection 
(CAD). In the  lower left-hand corner , the lesion is shown 

coded  red , with diameter, volume, and distance from the 
rectum displayed. The  top left  shows a virtual barium 
enema view with a marker at the location of the polyp. 
The 3 panels on the  right  are standard 2D MPR’s with the 
polyp marked with a  red dot        
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A recent study by Halligan showed that second-read 
CAD signi fi cantly improved per-patient polyp 
detection without a clinically unacceptable 
decrease in speci fi city, whereas use of concurrent 
CAD was less effective  [  161  ] .   

 It is remarkable that stand-alone CAD is often 
more sensitive than a reader assisted by CAD. 
This may be due to the radiologist sometimes 
incorrectly dismissing lesions that are correctly 
detected by CAD  [  155,   157,   162  ] . A study by 
Taylor in 2009 identi fi ed factors that lead radiol-
ogists to incorrectly dismiss lesions  [  163  ] . 
Interestingly, the larger the polyp and the more 
irregular its contour, the more likely it was to be 
thought to be a false-positive  [  163  ] . Thus, 
although CAD may generate a large number of 
targets and most of these may be quickly and eas-
ily dismissed, it is important to realize a potential 
bias against large or irregular lesions.   

   Measurements, Reporting, and Triage 

   Background 

 The size of an adenomatous polyp directly cor-
relates with its cancerous potential. For this rea-
son, accurate measurement is essential for proper 
patient management  [  164  ] . A difference of a 

millimeter can change patient disposition. As an 
example, a polyp  £  5 mm need not be reported 
under the 2009 ACR guidelines and thus a patient 
with such a lesion will not be offered surveil-
lance. A consensus of three national medical 
societies, including the ACR, recommends 
immediate colonoscopy with polypectomy for 
both small (6–9 mm) and large ( ³ 10 mm) polyps 
 [  165  ] . The C-RADS reporting system (discussed 
below) discriminates between small and large 
polyps. A CTC that depicts only one or two pol-
yps 6–9 mm in size is reported as “C2,” whereas 
one that demonstrates a polyp 10 mm or more in 
size is categorized as “C3.” The recommended 
management in this system is surveillance or 
colonoscopy for C2 and colonoscopy for C3. 
Thus, the accuracy of polyp measurement in the 
5–10 mm range is especially important  [  166  ] .  

   Polyp Measurements 

 Both CTC and OC have inherent limitations in 
measurement capability and accuracy  [  167,   168  ] . 
The most accurate method of polyp measurement 
is debatable, as the data are mixed. Some studies 
demonstrate underestimation  [  168–  172  ]  of polyp 
size on CTC and others demonstrate overestima-
tion  [  170,   173  ] . In general, polyp size measured 

  Fig. 5.32    The ileocecal valve is a common cause of 
false-positive  fi ndings at CTC with CAD. ( a ) Prone 2D 
axial image of the right colon demonstrate that CAD has 
marked a possible lesion ( blue color  with a  yellow circle  

around it). ( b ) Corresponding 3D endoluminal view of the 
cecum demonstrates that the lesion marked  blue  by CAD 
is actually the normal ileocecal valve       
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at CTC tends to lay between measurements at OC 
and pathologic evaluation and may be the most 
accurate method compared to the in vivo size 
 [  174  ] . This is substantiated by a 2007 direct com-
parison of CTC and OC in the measurement of 86 
simulated polyps in pig colonic specimens where 
CTC was shown to be superior in both accuracy 
and reliability  [  168  ] . 

 There are several possible ways of measuring a 
polyp found on CTC, including the 2D axial 
images, 2D MPR’s, “optimized” MPR’s, or 3D 
endoluminal images, each of which has been dem-
onstrated to give differing measurements, as does 
the window-level setting used to view the images 
 [  169,   175  ] . Additional factors affecting size 
include spatial resolution, partial volume averag-
ing, motion artifacts, noise, rendering thresholds, 
the effects of fecal tagging agents, and unsurpris-
ingly, observer variability  [  174  ] . This issue has 
been studied, and it is of practical interest to 
understand which methods are most effective. 

 A 2006 retrospective study by Yeshwant et al. 
 [  176  ]  demonstrated that measurements from 3D 
images best approximate polyp size at OC. Bethea 
validated this in a 2009 study  [  166  ] . In his 2007 
simulated polyp study, Park demonstrated that 
2D measurements in an “optimized” MPR plane, 
an oblique plane in which the polyp has the larg-
est diameter, were found to be the most accurate 
 [  168  ] . 3D measurements were the second most 
accurate, followed by 2D orthogonal MPR’s. He 
concluded that the speed and ease of 3D mea-
surements make up for any degree of the inaccu-
racy and are preferred over the optimized MPR 
method in practice  [  36  ] . It should be noted that 
3D measurements in this case do not apply to 
nontraditional 3D techniques such as “virtual dis-
section,” that are prone to distortion. 

 Many software platforms have an automated 
measuring tool that measures the polyp diameter 
and volume simply by clicking on it with the 
mouse (Fig.  5.33 ). Automated measurements 
tend to either overshade or under-shade the area 
being used for length and volume computation 
and no tool may be available to manually correct 
the errors. It has been noted that this problem is 
particularly exacerbated for polyps with irregu-
lar, nonspherical morphologic features. This tool 

should be used with caution, paying attention to 
the accuracy of what the software determines to 
be the borders of the lesion (Fig.  5.28 )  [  166  ] .   

   Polyp Location 

 Accurate localization of a polyp on CTC is of 
paramount importance so that the endoscopist 
can easily and ef fi ciently  fi nd and remove the 
lesion at OC. Absolute distance values from the 
anus cannot be used to locate polyps found on 
CTC at OC. This is because CTC software calcu-
lates the colonic length at almost double that at 
OC  [  177  ] . These differences in colon length are 
due mostly to procedural factors that occur dur-
ing OC, such as telescoping and foreshortening. 
Simply communicating polyp location by the 
colonic segment of interest is also not useful 
because the endoscopist is not often able to accu-
rately determine his location during OC. 

 More accurate localization can be provided by 
computing the normalized distance along the 
colon centerline of a polyp found at CTC. By 
using this technique, the location of a polyp at OC 
can be predicted to within 10 cm for the majority 
of lesions  [  177  ] . The normalized distance at CTC 
is computed by dividing the distance of the polyp 
from the anorectal junction along the colonic cen-
terline by the length of the entire colon. The pre-
dicted polyp location at OC is then computed by 
multiplying this normalized distance by the length 
of the entire colon at OC. For example, a polyp is 
identi fi ed on CTC at 50 cm from the rectum. The 
length of the colon is measured at 200 cm. 
Normalized distance is calculated as 50/200 = 0.25. 
The clinician then performs OC and measures the 
distance from the anorectal junction to the cecum 
as 150 cm. Therefore, he will search for the polyp 
at 38 cm (0.25 × 150). Duncan, based on a study 
of 383 patients with 437 polyps, proposed stan-
dardized conversion factors for determining anus-
to-polyp distance at OC from CTC measurements 
 [  178  ] . Conversion factors of 0.59 for right-sided 
or 0.78 for left-sided CTC anus-to-polyp mea-
surements may substitute for calculating the nor-
malized distance. He also mentioned that details 
about the lesions’ relationship to an anatomical 
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reference point such as the ileocecal valve, appen-
diceal ori fi ce, or a particular fold can be helpful 
to the endoscopist  [  178  ] . We routinely provide 
distance to the polyp from the anorectal junc-
tion, the colonic segment, as well as any nearby 
landmarks.  

   Systematic Reporting 

 A system for structured reporting of CTC studies 
has been proposed by a panel of experts, with the 
aim of replicating the bene fi ts of the BI-RADS 
system used in mammography. The C-RADS sys-
tem  [  121  ]  captures information about preparation 

quality, polyp presence and size, and extracolonic 
 fi ndings, and places the overall study into one of 
 fi ve categories including recommendations for 
follow-up. Such a system will be very useful for 
large-scale research, both for epidemiological and 
cost-effectiveness purposes.   

   Same-Day Service 

   Same-Day OC 

 In a model setting, patients with positive CTC 
examinations would proceed directly to same day 
OC, thereby avoiding treatment delay and a second 

  Fig. 5.33    CTC workstations have automated polyp mea-
suring tools as a standard feature. The tools cannot help 
discriminate polyps from pseudo-lesions. ( a ) Prone 3D 
endoluminal view shows a 1.2-cm lesion in the sigmoid 
colon suspicious for a polyp. The lesion was slightly 
under-measured by the automated measurement calipers. 
( b ) Corresponding prone 2D axial image shows a hetero-
geneous lesion arising from the posterior wall. The lesion 
has an irregular surface ( small arrows ) super fi cially coated 
with high-density tagging material ( larger arrows ). ( c ) 

Supine 2D axial image shows the lesion is nonmobile. 
Barium can selectively adhere to villous lesions, raising 
our suspicions. Because the patient was anticoagulated for 
severe pulmonary hypertension, rather than performing 
colonoscopy, the patient was followed up 1 month later. 
( d ) Repeat supine 2D axial image demonstrates that the 
area in question is free of disease. The lesion seen on the 
original examination was therefore a pseudo-lesion from 
thickly adherent stool       
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bowel cleansing. Arranging this work fl ow 
requires close coordination with the endoscopy 
department at each particular institution. Patients 
who undergo CTC with the option of same-day 
OC must adhere to guidelines intended for OC 
patients, who are prepared for potential polypec-
tomy. This includes stopping anticoagulants, 
aspirin and NSAIDs, requiring coordination with 
the referring physician. 

 The issue of patient preparation must also be 
addressed by consensus. The cathartics and fecal 
tagging agents for CTC must be acceptable to the 
endoscopist for OC. Unlike residual solid mate-
rial, residual  fl uid is not a problem at OC because 
it can easily be suctioned during the exam  [  48  ] . 
Noncathartic or limited cathartic bowel prepara-
tions are obviously not appropriate for same-day 
OC. If less aggressive catharsis is employed, 
additional bowel preparation before OC has been 
advocated  [  38  ] . 

 Patients should undergo CTC in the early 
morning while their colon remains well pre-
pared. For proper triage, CTC studies should be 
interpreted in as close to real time as possible, 
while the patient stays NPO and awaits results 
and instructions. We communicate both positive 
and negative  fi ndings directly to the patient. 
Positive cases are discussed immediately with 
the endoscopist, who decides together with the 
radiologist whether same day OC is indicated. 
Information such as polyp size, location, and 
distance from the rectum is essential. The images 
of the CTC should be available to the endosco-
pist in a format that is intuitive and informative. 
3D endoluminal views as well as the “virtual 
barium enema” are excellent views to include 
(Fig.  5.34 ).  

 Some  fl exibility in the OC schedule is needed 
so that add-on patients can be accommodated 
when necessary. The amount of  fl exibility is 
determined by the CTC program work fl ow as 
well as the referral rate. The referral rate depends 
on the agreed-upon size threshold for referral. 
For reference, a positive CTC can be expected 
in approximately 13% of normal risk adults 
using a size threshold of 6 mm  [  10  ] . If the size 
threshold were 1 cm, the referral rate would of 
course be lower.  

   Same-Day CTC Service 

 Some have postulated that if patients are offered 
the option of “same-day CTC,” general rates of 
screening compliance and patient satisfaction 
will likely be higher  [  48  ] . Just as our endoscopy 
colleagues have committed to perform OC on 
our CTC patients with polyps, so have we agreed 
to perform same day CTC. We make every effort 
to accommodate patients who have undergone 
incomplete OC earlier in the day. Rates of 
incomplete OC range in the literature from 2 to 
40%, although 5% is a commonly cited number 
 [  179  ] . Reasons for incomplete OC include tortu-
osity, redundancy, stricture, and obstructing 
lesions, among others. CTC is of particular use 
in those with obstructing neoplasms, as it can 
identify synchronous proximal polyps and can-
cers preoperatively  [  180,   181  ] . Incomplete OC is 
our most common indication for referral, 
although many are still not in the habit of refer-
ring for same-day CTC service. 

  Fig. 5.34    Virtual barium enema views are easy to interpret 
for non-radiologists. “Virtual barium enema” 3D recon-
struction of the colon demonstrates that the location of 
polyps can be labeled as an aid to the gastroenterologist 
who will be performing the subsequent colonoscopy. 
“Polyp 1” is seen in the ascending colon       
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 In practice, the endoscopist calls us immediately 
after the incomplete OC. We instruct the patient, 
after recovery from sedation, to take 60 cc of 
Gastrogra fi n 2 h before CTC. This technique has 
been shown to result in satisfactory opaci fi cation 
of the colon, especially proximal segments not 
seen during OC, in most patients  [  182  ] . If the OC 
is late in the day, the patient is administered the 
Gastrogra fi n, kept on clear liquids overnight, and 
scanned  fi rst thing in the morning. Patients who 
have undergone deep biopsy or polypectomy are 
not candidates for same-day CTC because of the 
risk of perforation. Regardless of whether 
polypectomy was performed, we perform a thick 
slice low-dose scan before insuf fl ation to check 
for the presence of an asymptomatic perforation.   

   Summary 

 CTC has several inherent technical components—
preparation, insuf fl ation, CT data acquisition, 
interpretation, and reporting—all of which must 
be optimized to enable a high-quality screening 
or diagnostic clinical practice. This  fi eld is a very 
good example of successful collaborative research 
between radiologists, basic scientists, and endos-
copists. These efforts have been repeatedly vali-
dated and matured an important clinical imaging 
examination that, with widespread application, 
could signi fi cantly reduce the morbidity and mor-
tality of a common disease.      
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         Introduction 

 Screening for colorectal neoplasms has become the 
standard of care in advanced medical settings 
worldwide  [  1–  7  ] . Identifying asymptomatic col-
orectal neoplastic lesions has been shown to reduce 
colorectal cancer (CRC) incidence and the overall 
cost of medical care. Clinicians have several alter-
natives at their disposal as they consider screening 
for their respective patient population. Many orga-
nizations have devoted considerable time weighing 
the evidence to establish appropriate evidence-
based guidelines directing clinicians with methods 
to appropriately manage screening. CT colonos-
copy and optical colonoscopy (OC) are viable 
alternatives for CRC screening. Organizations that 
plan to utilize both modalities must consider mul-
tiple issues to effectively integrate and ensure a 
high-quality screening program.  

   Optical Colonoscopy 

 Clinicians use OC as a primary means to screen 
the entire colon not only for cancer but also 
for precancerous adenomatous lesions. Most 

adenomas may be removed at the time of OC. 
The size, location, shape, and pathologic nature 
of polyps may be determined during this single 
clinical encounter, providing the patient and cli-
nician with valuable information to guide the 
future CRC screening strategy. Often, the clini-
cian doing the endoscopic procedure has an 
established relationship with the patient and may 
provide recommendations regarding care at a 
subsequent clinical encounter. Established 
Centers of Digestive Health, worldwide, have 
proved to be successful in driving the CRC 
screening effort. Brenner et al. demonstrated a 
very low incidence of CRC after a negative 
screening OC in low-risk groups and suggested a 
10-year screening interval after a negative OC  [  8  ] . 
Screening OC is a highly effective tool for CRC 
prevention. 

 Clearly, many patients and healthcare provid-
ers are comfortable with this protocol of patient 
care. However, OC has its disadvantages. The 
procedure requires adequate colon cleansing to 
allow for complete mucosal evaluation, and many 
patients state that the arduous task of colonic 
preparation is a major drawback to the entire pro-
cess. In almost every case, OC requires conscious 
sedation of one form or another. Individual clini-
cal evaluation of the patient’s overall medical 
condition is required to determine candidacy for 
sedation.    From the patient’s perspective, con-
scious sedation provides them comfort and allays 
anxiety; it also requires access to reliable trans-
portation from the medical setting. As a result, 
patients not only have to absent themselves from 
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their daily responsibilities but their transporter 
must also take time from their routines. This is a 
signi fi cant issue to consider when reviewing the 
overall cost of the CRC screening effort. During 
OC and polypectomy, perforation of the colon 
may occur. Although this is a relatively rare com-
plication, it can and does occur in the care of 
asymptomatic patients. In addition, bleeding even 
after the most simple of polypectomies may occur 
and may require hospitalization or even adminis-
tration of blood products. Because of the poten-
tial for colonic perforation, post-polypectomy 
bleeding, and other complications, adequately 
trained medical personnel must carefully discuss 
these possibilities to obtain meaningful informed 
consent from all patients prior to the procedure. 
There is simply no substitute for an excellent 
patient–physician relationship. 

   Quality 

 First and foremost in managing a CRC screening 
program should be quality and safety  [  9  ] . Optical 
colonoscopy is not a perfect screening modality. 
There are a variety of issues that have come to the 
forefront in this regard. Among these are ade-
noma detection rates (ADR), colonoscopic with-
drawal times, and preparation quality  [  10  ] . There 
is good evidence that quality of OC varies and 
that this variation has an impact on effectiveness 
 [  11–  13  ] . Several tandem OC studies demonstrate 
that, for many reasons, adenomatous colon pol-
yps may be missed during the procedure  [  14,   15  ] . 
Polyps may be behind folds, obscured by colonic 
debris, or simply not seen by the endoscopist. 
This issue has prompted considerable focus by 
gastrointestinal societies on measurement and 
reporting of quality parameters. Many endoscopy 
centers have initiated routine documentation of 
these important quality measures, and collec-
tively, there is hope that these developments can 
improve the overall CRC screening effort. Several 
studies demonstrate that adequate training and 
experience translate into improved quality. We 
require additional experienced endoscopists to 
meet future screening needs, and quality measures 
are now included in gastroenterology fellowship 

curricula. As the age of our patient population 
increases and the population grows, endoscopists 
and trainees need a  fi rm grasp of advances in 
endoscopy (with its inherent limitations) and a 
fostered appreciation of their role in quality 
improvement during CRC screening. 

   Adenoma Detection Rates 
 Ultimately, the entire purpose of CRC screening 
is to prevent CRC, and this is facilitated by 
identi fi cation of colonic adenomas, its precursor 
lesion. Ideally, these polyps will be identi fi ed at 
an early stage when resection is relatively 
straightforward. The ADR has become a key 
measure for the relative effectiveness of OC 
screening  [  16  ] . Among healthy asymptomatic 
patients undergoing screening OC, estimates sug-
gest adenomas should be detected in 25% or more 
of men and 15% or more of women 50 years of 
age and older. A variety of factors may in fl uence 
ADR. Patient-associated variables that might 
affect the ef fi cacy of OC include body mass 
index, medications, and comorbid illness. Various 
reports have documented the potential for effect 
of OC withdrawal time, completeness of OC 
(cecal intubation), adequate bowel preparation, 
participation of trainees in the procedure, experi-
ence, and procedural timing during the workday. 
Physician fatigue has received increased atten-
tion in all  fi elds of medicine. It is not surprising 
that attention has been directed toward this vari-
able. There are data that suggest the ADR may be 
negatively affected if the procedure is completed 
at the end of the endoscopist’s day as opposed to 
the beginning. Approaching this issue may prove 
dif fi cult for screening centers as they attempt to 
meet demand. Optimal utilization of physician 
and endoscopy center resources is required. 
Some centers have approached this issue by split-
ting the endoscopy workday. There is some rea-
son to believe that endoscopists function more 
effectively when working in 4–5 h blocks as 
opposed to 8–10 blocks. Gurudu et al.  [  17  ]  docu-
mented that the afternoon ADR was signi fi cantly 
lower than the morning ADR (21.0% vs. 26.1%; 
OR = 0.75;  P  = 0.02). When endoscopists were 
scheduled to work in half-day blocks, morning 
and afternoon ADR was not statistically different 



1176 Integration of CTC into a CRC Screening Program

(27.6% vs. 26.6%;OR = 1.05;  P  = 0.56). Lee et al. 
identi fi ed a 12.4% reduction in detected polyps 
when comparing morning procedures with after-
noon procedures performed by the same endos-
copist  [  18  ] . In fact, as each hour in the day 
elapsed, they reported a 4.6% reduction in polyp 
detection ( P  = 0.005). 

 These assertions make intuitive sense and 
have been documented in other manuscripts  [  19, 
  20  ] . Perhaps, prolonged procedure blocks create 
visual or mental fatigue that may adversely affect 
adenoma detection. Others have proposed that 
colonic preparation is inferior later in the day, 
and mucosal visualization, not fatigue, is the key 
variable. It is also possible that endoscopists’ 
ADR declines if they fall behind on their sched-
ule as the day progresses. It is imperative that 
endoscopists recognize the potential that fatigue 
and procedural timing may affect their personal 
ADR. Centers for digestive health must acknowl-
edge this fact and take these data into account as 
patient care scheduling templates are devised. 

 The issue of ADR and endoscopist fatigue is a 
crucial consideration if one plans to integrate 
CTC into an existing CRC screening program 
 [  21  ] . The goal of CTC is to identify polyp candi-
dates and deal with them. Patients are reluctant to 
take a colonic preparation to begin with and often 
are not interested in coming back another day for 
an OC requiring a second round of colonic prepa-
ration. Therefore, scheduling matrices must be 
established to allow for same-day OC in those 
patients who have identi fi ed polyp candidates by 
CTC. Anecdotal reports suggest that wait times 
for same-day OC after positive CTC may be 2 h 
or even longer. Many of these same-day OCs will 
have to be performed in the afternoon. It is unde-
termined whether this strategy for CRC screen-
ing is  fl awed due to the issue of endoscopist 
fatigue. Further study in this area will be required 
if CTC ever becomes a dominant CRC screening 
strategy.  

   Bowel Preparation 
 Both CTC and OC require bowel preparation to 
enhance visualization of colonic mucosal detail 
 [  22  ] . Bowel preparation may be the most despised 
aspect of CRC screening from the patient’s 

perspective. Poor patient acceptance is common 
to both OC and CTC, and the quality of bowel 
preparation directly impacts the quality of both 
studies. In a large retrospective case study by 
Lebwohl et al., the adenoma miss rate for OC 
performed with suboptimal bowel preparation 
was high  [  23  ] . These authors concluded that poor 
bowel preparation decreases OC effectiveness 
and should mandate an earlier follow-up exami-
nation. Also, suboptimal bowel preparation 
makes OC more dif fi cult and increases proce-
dural time. Both the intubation and withdrawal 
phases are prolonged. In addition, the cecal intu-
bation and polyp detection rates are decreased 
 [  24,   25  ] . Froehlich et al., in a large prospective 
trial, observed that small and large polyp detec-
tion rates were increased in patients with an ade-
quate bowel preparation compared to those 
inadequately prepped (29% vs. 26%,  P  < 0.001). 
In this study, the cecal intubation time was 
signi fi cantly decreased in patients with adequate 
preparations (11.9 min vs. 16.1 min,  P  < 0.001). 
Careful attention to patient education regarding 
the preparation process will increase CRC screening 
center ef fi ciency and the quality of patient care. 

 Polyethylene glycol electrolyte lavage solu-
tion (PEG) is widely utilized as a bowel prepara-
tive in OC (NuLYTELY, GoLYTELY, Braintree 
Laboratories). Patients have reported dif fi culty 
with the 4 L volume of this traditional prepara-
tion, and subsequently, 2-L preparations 
(HalfLytely, Braintree Laboratories) were devised 
using either magnesium citrate or bisacodyl tab-
lets  [  26  ] . Later, an alternate 2-L preparation con-
taining PEG, ascorbic acid, and sodium sulfate 
(MoviPrep, Salix Pharmaceuticals, Inc., 
Morrisville, NC) was devised. This preparation 
has been shown to be non-inferior to the tradi-
tional 4-L PEG preparation  [  27  ] . Previously, an 
oral sodium phosphate preparation (Fleet’s 
Phospho-soda, C.B. Fleet Company, Inc., 
Lynchburg, VA) was widely utilized for bowel 
preparation. In 2008, the FDA issued a safety 
alert due to reports of acute phosphate nephropa-
thy. In response, C.B. Fleet withdrew their oral 
sodium phosphate products intended for use as 
an OC preparative regimen  [  28,   29  ] . More 
recently, a bowel purgative regimen containing 
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sodium sulfate 35 g, potassium sulfate 6.26 g, and 
magnesium sulfate 3.2 g in divided doses (total 
volume, 2.8 L) was devised (SuPrep, Braintree 
Laboratories). This split-dosed preparation favor-
ably impacted patient acceptance  [  30  ] . 

 Split dosing of bowel preparations has become 
very popular in endoscopy centers primarily due 
to the considerable improvement in mucosal 
visualization and ease of the OC associated with 
this administration schedule  [  31  ] . Split dosing of 
the bowel preparation has been recommended by 
the American College of Gastroenterology to 
improve effectiveness of bowel cleansing. 
Administration of one-half of the bowel prepara-
tion during the evening prior to the procedure fol-
lowed by ingestion of the second half of the prep 
during the morning of the procedure produces 
considerable improvement in mucosal visualiza-
tion. An interval of 6 h or less between the second 
dose of the preparation and OC has been shown 
in several studies to be superior. The duration of 
the interval between the completion of bowel 
preparation and the start of OC has been shown to 
impact bowel-preparation quality  [  32  ] . Bowel-
preparation quality is inversely related to the time 
of the last preparation dose. Prior to this study, 
Church had concluded that small bowel contents 
entering the right colon after preparation comple-
tion had a deleterious effect on preparation qual-
ity, primarily in the right colon  [  33  ] . Some have 
proposed that this might explain the dif fi culty in 
demonstrating that OC is effective in the preven-
tion of right-sided CRC  [  34  ] . There are a number 
of excellent studies that note the superiority of 
split-dosed colonic preparation relative to 1-day 
dosing regimens. Aoun et al. found that the split-
dosed regimen was more likely to result in an 
excellent preparation rating than if the entire 
preparation was administered the evening before 
the OC (44.1% vs. 5.5%;  P  < 0.001)  [  35  ] . 
Emerging data suggests that the improvement in 
bowel preparation quality with split-dosed preps 
results in improved detection of neoplasia  [  36  ] . 
Patient acceptance of the split-dosed schema is 
variable. If the patient is scheduled for an 8 AM 
procedure, it is necessary that they ingest the 
second dose of the bowel purgative between 12 

AM and 2 AM on the day of the procedure. 
Nonetheless, there is some evidence that patients 
do prefer the divided preparation compared to the 
prior standard 4-L preparation, despite the poten-
tial timing inconveniences  [  37  ] . 

 Considerable advances have been made in 
understanding of quality bowel preparation. CRC 
screening centers should maintain focus on devel-
opments in this arena. Particularly, it is important 
that patient education prior to the procedure 
remains a priority. Patient acceptance of the 
bowel preparation process will continue to be a 
barrier affecting adherence to CRC screening.  

   Withdrawal Time 
 There is considerable evidence that quality OC is 
directly related to the duration of the procedure 
 [  38,   39  ] . Polyp detection rate is directly related to 
mean procedural time. Many endoscopists con-
centrate on good technique and safety during 
colonoscope insertion and reserve the withdrawal 
period for careful mucosal visualization. The 
colonoscopic withdrawal time has received con-
siderable attention in the literature. Indeed, it has 
been proven to be a useful and easily acquired 
quality measure. Barclay et al. noted that colonos-
copists with mean withdrawal time of 6 min or 
more had higher rates of detection of any neopla-
sia when compared to those with mean with-
drawal time of less than 6 min (28.3% vs. 11.8%, 
 P  < 0.001)  [  12  ] . This also proved true for the 
detection of advanced neoplasia (6.4% vs. 2.6%, 
 P  = 0.005).These results have been con fi rmed in 
subsequent studies. It is apparent that endosco-
pists do respond to monitoring and feedback. Lin 
et al. retrospectively reviewed 850 screening OC 
performed by 10 endoscopists  [  40  ] . Withdrawal 
times, polyp detection rates, and patient satisfac-
tion scores were determined and then shared, 
con fi dentially, with the endoscopists. Thereafter, 
541 screening OCs were prospectively evaluated 
measuring the same parameters. After monitor-
ing was initiated, mean withdrawal time 
increased from 6.57 to 8.07 min ( P  < 0.0001), 
and polyp detection rates improved from 33.1 to 
38.1% ( P  < 0.05). There was a small, statistically 
insigni fi cant increase in the neoplasia detection 
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rate from 19.6 to 22.7% ( P  = 0.17). There was no 
change in mean patient satisfaction scores. The US 
Multi-Society Task Force on Colorectal Cancer 
recommends 6–10 min as the minimal amount of 
time needed for adequate inspection during the 
withdrawal phase.  

   Patient Satisfaction 
 It is important that all CRC screening centers 
make patient satisfaction a top priority  [  41–  43  ] . 
There are many factors that in fl uence overall 
patient satisfaction. Clearly, patients are con-
cerned about their physician’s technical skills 
and sedation adequacy. The facility’s cleanliness 
and focus on patient privacy are also important 
measures impacting satisfaction. Gastrointestinal 
and recovery nurses play a major role in how our 
patients perceive the overall experience. CRC 
screening centers should routinely measure 
patient satisfaction in these, and potentially other, 
areas. Quality improvement initiatives need to be 
in place. Areas for potential improvement should 
be de fi ned and then appropriate changes in pro-
cess may be implemented. The latter point is the 
key. It does an institution little good to measure 
patient feedback if one is not ready and willing to 
act upon the information. Actually, in practice, 
the process of quality improvement can be quite 
rewarding. Once you get the team focused on 
quality and improvement, the entire process will 
self-perpetuate.    

   CT Colonography 

 CT colonography (CTC) is a promising CRC 
screening tool. There are several key factors that 
make this method of CRC screening attractive to 
clinicians and patients. The procedure does not 
require moderate conscious sedation. Therefore, 
patients may provide their own transportation and 
return to work immediately following the exami-
nation. Of course, this depends on whether the 
CTC has positive  fi ndings. If same-day OC is to 
be considered in the event of a positive CTC, then 
the reading of the CTC must be immediate. 
Thereafter, the patient may decide for intervention 

on the CTC exam date. If a later date is selected, 
then a repeat colonic preparation will be required. 
As the colon is imaged digitally, the risk of proce-
durally related complications, such as perforation 
and bleeding, is vastly reduced. Improvements in 
CTC technology image quality and data acquisi-
tion time allow for a time-ef fi cient examination. 
Patients may have their procedure completed in as 
little as 10 min with CTC. Importantly, CTC has 
resulted in increased patient awareness of the 
CRC screening effort. As CTC has received con-
siderable attention in the lay press, more patients 
realize the value of CRC screening and may be 
willing to participate in the process. Anything that 
increases overall patient awareness and accep-
tance of the process of CRC screening is bene fi cial 
and improves adherence. 

 Despite these advantages, CTC has its own 
limitations. Many patients are disappointed to 
discover that CTC requires adequate colon prepa-
ration for optimal colonic imaging. In fact, the 
preparation is more complicated as contrast- and 
fecal-tagging agents are necessary to adequately 
differentiate stool from polyps. Trained medical 
personnel are required to describe the importance 
and speci fi cs of this preparation to patients. 
Current screening recommendations suggest that 
some patients might have  fi ve or more CT exami-
nations during their lifetime if CTC is the primary 
CRC screening modality. Radiation exposure 
remains a major concern. The singular CTC exam 
is not the issue. Cumulative radiation exposure, 
given CTC as the primary modality for CRC 
screening, has drawn increased scrutiny by many. 
Radiology societies have largely dismissed this 
issue  [  44  ] . The cumulative effects of medical 
radiation in a screening effort are poorly under-
stood and long-term studies are needed. If a polyp 
is identi fi ed via CTC, most patients require OC 
for polyp removal. Some have suggested that 
small polyps may be followed with CTC at short-
ened screening intervals. Although some patients 
may be comfortable with repeated CT examina-
tions to follow a lesion, those in primary care 
know other patients will have concern about the 
safety of this watch-and-wait approach and their 
cumulative radiation exposure. 
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   Extracolonic Findings 

 During CTC, extracolonic information is acquired 
 [  45  ] . A standardized CTC reporting and data sys-
tem (C-RADS) has been developed and is useful 
for CTC report uniformity  [  46  ] . Findings of 
major clinical relevance, categorized as E4 
 fi ndings, arise in approximately 4–10% of CTC 
examinations. Examples of E4  fi ndings include 
renal cell carcinoma, ovarian carcinoma, and an 
abdominal aortic aneurysm of worrisome size. 
Indeterminate extracolonic abnormalities are cat-
egorized as E3  fi ndings in the C-RADS system 
and are identi fi ed in approximately 30% of exam-
inations. Examples of E3  fi ndings include suspi-
cious renal and liver cysts. Findings of low 
clinical importance, such as simple liver and 
renal cysts, are placed in category E2. The fre-
quency of E3  fi ndings may be expected to 
increase, particularly if radiologists are liability 
averse. Furthermore, in a liability-concerned 
environment, some radiologists may be inclined 
to hedge on E2 abnormalities of low clinical 
importance, thereby increasing the percentage of 
E3  fi ndings reported  [  47  ] . The overall cost of 
CRC screening would be expected to increase 
due to repeat radiologic (and other) tests to fol-
low indeterminate  fi ndings. In 2009, this impor-
tant cost-ef fi cacy concern impacted the decision 
made by the Centers for Medicare & Medicaid 
Services (CMS). Individual CT reports often sug-
gest that E3  fi ndings be followed at the discretion 
of the patient and referring physician. Just as 
ADR and withdrawal times are important mea-
sures of quality OC, the frequencies of E2 and E3 
 fi ndings are quality measures of CTC interpreta-
tion. It is important that CRC screening centers 
utilizing CTC as an integral component put in 
place a prospective measuring system to evaluate 
the reporting of extracolonic  fi ndings. Radiologists 
should receive feedback about individual report-
ing as compared to peers. 

 Experienced clinicians know that patients worry 
about extracolonic  fi ndings, no matter how minor. 
Health-related anxiety mandates time and patience 
when discussing even simple E2  fi ndings with 
patients. In some cases, these discussions heighten 
the individual patient’s health-care-related anxiety. 

An excellent doctor–patient relationship is useful 
in lessening this degree of anxiety and proves 
invaluable in many respects. For CTC to be clini-
cally and cost effective, it is imperative that radi-
ologists take great care in the nature of CTC 
extracolonic reporting and be prudent with E2 and 
E3  fi ndings. CTC  fi ndings need to be communi-
cated in a reliable manner by the radiologist to the 
clinician who is primarily responsible for the 
patient. Likewise, primary care physicians or gas-
troenterologists must communicate meaningfully 
with patients. This seems straightforward, but in a 
busy clinical setting, failure to communicate is 
entirely possible.  

   Interpretation of CTC 

 Appropriately trained radiologists should inter-
pret extracolonic  fi ndings identi fi ed at CTC. 
Although interpretation of extracolonic CT 
images is thoroughly covered in gastroenterology 
training and many practicing gastroenterologists 
review multiple CT images within a given work-
day, gastroenterologists do not have the expertise 
or privileges to provide an of fi cial interpretation 
of extracolonic CT data. In CTC centers, one 
prime goal is to provide the patient with the 
opportunity for a same-day OC. Within 20 or 
30 min, a gastroenterologist or radiologist read-
ing CTC can provide an immediate intracolonic 
interpretation as the patient waits. There is not a 
similar acute need for the extracolonic interpreta-
tion. CTC centers can send CT images digitally 
and thus outsource the reading of extracolonic 
images. Clinicians who provide CTC within their 
own center therefore have the opportunity to 
identify excellent radiologists who deliver high-
quality interpretations. Small centers can even 
send CTC images to major university centers. 
Several high-quality radiologists have developed 
their own corporations to provide this service, 
allowing CRC screening centers to track the qual-
ity of extracolonic interpretations and change to 
an alternate vendor if necessary to ensure high-
quality patient care. Extracolonic  fi ndings require 
careful evidence-based management. Colorectal 
cancer screening centered in one locale provides 
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patients with the opportunity to review and 
discuss colonic and extracolonic  fi ndings with 
their clinician during one clinical encounter. 
Appropriate evidence-based management of all 
 fi ndings may be coordinated in this fashion. 

 With regard to the interpretation of colonic 
 fi ndings obtained during CTC, both radiologists 
and gastroenterologists can perform this role, pro-
vided that they commit the time to maintaining 
pro fi ciency. Endoscopists have a wealth of experi-
ence with OC, and reading three-dimensional 
CTC  fl ythrough images is thereby intuitive for 
these practitioners. Standards for gastroenterolo-
gists performing and interpreting diagnostic CTC 
have been established, and training programs 
organized by professional gastrointestinal organi-
zations are effective in orienting endoscopists to 
this new technology  [  51  ] . Although courses can 
be helpful for introduction, there is no substitute 
for hands-on experience. This can be achieved via 
mentored leader programs. Ideally, personal 
hands-on experience is obtained in centers pro-
viding CTC and OC services. Gastroenterologists 
may interpret colonic CTC images pro fi ciently 
with accuracy similar to that of radiologists  [  50  ] . 
Adequate training and experience is mandatory to 
ensure highly accurate readings. While colonos-
copists may  fi nd CTC colonic interpretation intui-
tive, there is a learning curve to acquire pro fi ciency 
with the software utilized for CTC. There are sev-
eral vendors with excellent CTC software pro-
grams and platform revision is continuous. 
Gastroenterologists interested in CTC pro fi ciency 
should select a single software and learn it well. 
The time commitment for CTC interpretive exper-
tise is substantial, and maintenance of pro fi ciency 
is an ongoing process. 

 CTC has become part of the gastrointestinal 
core curriculum for GI fellowship training  [  48, 
  49  ] . It is important that current gastroenterology 
fellows develop a basic familiarity with the indica-
tions, interpretation, and limitations of CTC. 
Coordination and cooperation with departments of 
radiology can provide more in-depth training, and 
it is reasonable to consider formal radiology rota-
tion addition to gastroenterology fellowship curri-
cula. Novel educational tracts within traditional 
gastroenterology training might be considered, 

with focus on technologies such as wireless capsule 
endoscopy and CTC. A comprehensive training 
curriculum would need to be established and train-
ing standards for current fellows developed. 

 Radiologists require a meaningful physician 
peer review program for accreditation. There 
exists no infrastructure in gastroenterology soci-
eties for this type of quality control process. 
Randomly selected CTC studies need to be peer 
reviewed on a regularly scheduled basis. Although 
members of one’s own organization can feasibly 
perform this task, this method of peer review may 
not result in meaningful critique. Optimally, 
review networks would need to be organized, 
with reviewers able to correlate the interpretation 
with corresponding endoscopic and pathologic 
 fi ndings. Development of a national database 
might need to be considered. Thereby, CTC, 
endoscopic, and pathologic  fi ndings could be 
correlated and meaningfully studied. Policies and 
procedures must be in place to resolve discrepant 
peer review  fi ndings providing the means for 
CTC centers to achieve quality outcomes 
improvement  [  52  ] . Gastroenterology    societies 
would either partner with other societies to 
develop appropriate peer review, quality, and 
safety measures or initiate the process indepen-
dently. Available data con fi rm that gastroenterol-
ogists have the expertise to pro fi ciently interpret 
CTC images, meaningfully participate in this 
CRC screening approach, and provide patients 
with CRC screening by a variety of methods 
within a single center.  

   Coordination of Care and Adherence 

 All members of the population should receive 
some form of testing to improve CRC screening 
outcomes. Unfortunately, this is not yet the case. 
There are many reasons for this lack of adher-
ence, but some patients remain concerned about 
various aspects of endoscopy. CTC presents 
patients with an alternative, as we have no per-
fect CRC screening modality. Before selecting 
the method of CRC screening, it is desirable that 
each patient has an understanding of the positive 
and negative attributes of available methods. 
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This type of communication requires patience, 
time, and resources. A formal consultative visit 
can prove immensely bene fi cial. Primary care 
physicians are perfectly suited to provide this 
service during routine visits, but due to issues of 
time and complexity of primary care, a thorough 
review of options is not always possible. The 
data regarding CRC screening is far from static. 
Many primary care physicians are not fully 
versed about the sensitivity and speci fi city of OC 
and CTC in asymptomatic patients or the proper 
surveillance intervals for adenomas. Many 
patients are interested in discussing the data and 
options, and Centers of Digestive Health are ide-
ally suited to provide this expertise. 

 Barriers that interfere with patient adherence 
to CRC screening must be eliminated. Patients 
are unlikely to accept devoting two different 
days to the CRC screening effort. A single cen-
ter approach to CRC screening with a strong 
emphasis on providing the option of same day 
OC, should a mucosal abnormality be identi fi ed 
on CTC, is optimal. On occasion, OC may not 
provide complete colonic imaging due to tech-
nical or anatomic concerns. Immediate avail-
ability of CTC is desired from a patient 
convenience perspective. However, same day 
CTC and OC require careful schedule coordina-
tion, providing adequate time for endoscopic 
de fi nitive therapy when polyps are identi fi ed on 
CTC. Prompt interpretation of CTC data is 
required to limit patient inconvenience. It is 
unlikely that patients will embrace an approach 
wherein OC follows CTC by more than 1 or 2 h. 
Furthermore, colonic preparation quality data 
suggest that if OC occurs more than 4 h after 
CTC, suboptimal colonic preparation can be 
expected. This could adversely affect the 
ef fi cacy of OC. Excellent communication 
between the CTC interpreter and endoscopist is 
expected. CRC screening centers will need to 
prospectively follow quality parameters such 
false-negative and false-positive results of CTC 
and OC. Centers of Digestive Health may effec-
tively follow the quality of patient care while 
providing comprehensive CRC screening 
options using the modality selected by the 
patient and their personal physician. 

 It is important that patients adhere to follow-up 
recommendations after a polyp is detected. 
Gastroenterologists are well versed in the appro-
priate follow-up intervals for surveillance follow-
ing removal of adenomas. It is still not clear 
whether small polyps detected at CTC and not 
removed may be safely followed with serial CTC 
over time. This remains an area of controversy. 
Patients will bene fi t from their personal physi-
cian assisting them with this process. Follow-up 
of intracolonic and extracolonic abnormalities 
will require development of a patient health 
maintenance pro fi le. A digestive center database 
could ensure that patients are contacted in subse-
quent years when due for repeat CRC screening, 
be it by CTC or OC. Extracolonic abnormalities 
will require careful attention, and this is best done 
between patients and their personal physicians. 
Worrisome E3  fi ndings may require further diag-
nostic planning. E4  fi ndings, such as hepatocel-
lular carcinoma, cirrhosis, or large abdominal 
aortic aneurysms, will likely require de fi nitive 
therapy. It is important that patients adhere, not 
only to the recommendations regarding polyp 
management, but also to diagnostic or therapeu-
tic plans for extracolonic  fi ndings   

   Effective Integration of CTC and OC 

 Implementation of an ef fi cient CRC screening 
program incorporating CTC requires coordina-
tion of several key processes if availability of 
same-day OC is to be offered. Duncan et al. 
recently reviewed their database of all procedures 
performed from 2004 to 2010  [  53  ] . In their patient 
population at the National Naval Medical Center, 
11% of patients required OC due to positive 
 fi ndings on CTC. Notably, 1,137 patients were 
referred for OC after CTC, but only 130 patients 
underwent same-day OC. The average wait time 
from arrival for CTC to discharge after OC was 
348 min (range 178–684 min, SD 100 min, 
median 333 min). The process events that must 
occur for same-day OC after positive CTC 
include registration for CTC, performance of 
CTC, radiologist CTC interpretation time, endos-
copy unit registration time, OC preparation and 



1236 Integration of CTC into a CRC Screening Program

completion time, and discharge time following 
OC recovery. 

 There are limited data on the extent that 
widespread implementation of CTC might 
impact upon OC volume at endoscopy centers. 
Using mathematical modeling based on data in 
2004, Hur et al. concluded that if CTC was used 
as the primary modality for CRC screening, one 
could expect a 22% decrease in OC demand. 
However, the polyp-size threshold utilized to 
de fi ne a CTC test as positive (6 or 10 mm) 
signi fi cantly impacts this prediction  [  54  ] . In 
2008, Schwartz et al. noted that the initiation of 
a screening CTC program at the University of 
Wisconsin did not result in a decrease in total 
OC exams from 2004 to 2007  [  55  ] . A mean 
number of 10 patients per month were sent for 
OC after a positive CTC. In 2010, Benson et al. 
published the experience from the same center 
in abstract form  [  56  ] . The mean per quarter total 
number of OC exams performed increased 
signi fi cantly from 1,104 in 2003 to 1,976 in 
2008 ( P  < 0.001). They concluded that the initia-
tion of a CTC screening program did not lead to 
a reduction in the number of OC exams per-
formed. After the initiation of a CTC CRC 
screening program, OC remained the predomi-
nant screening modality. Importantly, Ladabaum 
et al. noted that if overall adherence to CRC 
guidelines is attained by a population, then 
overall OC volume increases, even with wide-
spread utilization of CTC for screening  [  57  ] . An 
excellent working relationship between depart-
ments of radiology, general internal medicine, 
and gastroenterology facilitates the effort  [  58  ] . 

 Coordination with pathology is also required 
for effective integration. Adenoma detection rates 
should be followed for both radiologists and 
endoscopists. A peer review process for CTC 
interpretation is necessary. Colonoscopic with-
drawal times are yet another parameter that needs 
to be followed over time. The rate of E2 and E3 
 fi ndings on radiologic extracolonic interpretation 
should be followed and compared to national 
database statistics. There is no need to acquire 
and interpret data unless one is willing to act 
upon the information provided. Therefore, qual-
ity improvement measures need to be in place to 

provide meaningful feedback to physicians as 
they strive to improve either their radiologic or 
endoscopic expertise. Following this feedback, 
performance measures should be continuously 
evaluated to ensure improvement and that the 
standard of care is achieved. A carefully con-
structed operating agreement within individual 
physician practices or institutional policies and 
procedures becomes crucial if an organization 
identi fi es and plans action regarding a physician 
outlier providing suboptimal patient care during 
the CRC screening effort.  

   Financial Considerations 

 CTC reimbursement for CRC screening remains 
highly variable. In May 2009, CMS published a 
noncoverage decision and stated, “The evidence 
is inadequate to conclude that CT colonography 
is appropriate for colorectal cancer screening” 
 [  59  ] . This decision had a considerable impact on 
the adoption of screening CTC in the United 
States. Still, there are a number of health plans 
that continue to reimburse for this procedure. 
There is considerable variance from state to 
state with regard to coverage decisions. 
Clinicians must contact each provider to deter-
mine the relative coverage of CTC for CRC 
screening. This is a cumbersome task for any 
organization, and the administrative complexity 
alone has also impacted the widespread adop-
tion of CTC. 

 Over the past 7 years, there has been increased 
adoption of CTC by US hospitals. McHugh et al. 
examined American Hospital Association annual 
surveys and conducted interviews with several 
hospital representatives  [  60  ] . There was modest 
increase (13–17%) in the number of US hospitals 
offering CTC. Almost one-third of hospitals that 
offer CTC do not offer immediate OC after a 
positive CTC. Ideally, radiologists and gastroen-
terologists work together to schedule the follow-
up OC on the same day to avoid a second 
colon-cleansing preparation. Lack of coordina-
tion or availability of on-site OC services, though, 
could increase the number of people lost to 
follow-up after an initial CTC screen. Lack of 
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reimbursement for general screening and cost of 
implementation were major barriers that 
prevented hospitals not offering CTC from 
proceeding with implementation. 

 The California Technology Assessment 
Forum (CTAF) assesses new and emerging med-
ical technologies. In March 2009, the CTAF 
concluded that CTC did not meet the technology 
criterion for utilization as a screening test for 
CRC in average-risk individuals  [  61  ] . 
Speci fi cally, there were three main areas of con-
cern. The CTAF was uncertain that there was 
suf fi cient evidence to conclude that CTC would 
improve net health outcomes. The main concern 
here was the unknown potential for harm related 
to radiation exposure. Secondly, the CTAF 
requires that new technology must be as 
bene fi cial as any established alternatives. A main 
additional concern here was the potential for 
signi fi cant adverse health outcomes related to 
extracolonic  fi ndings. “Many extracolonic 
 fi ndings require additional evaluation, but are 
ultimately clinically insigni fi cant.” Lastly, docu-
mented improvements in healthcare outcomes 
must be attainable outside of the investigational 
setting. Mainly due to continued concerns about 
long-term radiation exposure and extracolonic 
 fi ndings, this criterion was not achieved in the 
CTAF’s opinion. 

 The Institute of Technology Assessment at 
the Massachusetts General Hospital evaluated 
the cost-effectiveness of CTC to aid CMS in 
their recent decision regarding CTC for the aver-
age-risk Medicare population  [  62  ] . Knudsen 
et al. concluded that CTC would be cost effec-
tive if the reimbursement per scan is substan-
tially less than that for OC. However, they did 
note that if adherence to CRC screening was 
substantially improved that cost-effectiveness of 
CTC also improved. The undiscounted number 
life-years gained from CTC screening ranged 
from 143 to 178 per 1,000 65-year-olds. This 
result was slightly less than the number of life-
years gained for OC every 10 years, which 
ranged from 152 to 185 per 1,000 65-year-olds. 
These  fi ndings were presented to the Medicare 
Evidence Development and Coverage Advisory 
Committee in November 2008.  

   Conclusion 

 CTC may be utilized for CRC screening, and 
models have been developed in which gastroenter-
ologists and radiologists work together to imple-
ment effective CRC screening programs  [  63–  65  ] . 
Interpretation of CTC colonic images is classically 
performed by radiologists, and although contro-
versial, it has been proven that gastroenterologists 
may also attain competency in this area  [  66  ] . There 
remains continued concern about the impact of 
radiation exposure and identi fi cation of extraco-
lonic  fi ndings on patient well-being and healthcare 
expenditure  [  67,   68  ] . Endoscopists are under 
increased scrutiny with regard to the overall qual-
ity of OC, and quality measures such as colonic 
preparation, withdrawal time, and ADR must be 
measured and followed over time  [  69  ] . 
Organizations that plan to integrate CTC and OC 
as options for CRC screening in their centers need 
to carefully measure quality parameters and make 
continuous quality improvement a top priority.      
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         Introduction 

 CT colonography (CTC) is now in its mature 
stage. The technique has been consistently stan-
dardized  [  1  ] , different multicenter trials  [  2–  5  ]  
and meta-analysis  [  6  ]  have con fi rmed the high 
accuracy in detecting cancer and signi fi cant pol-
yps. CTC has completely replaced barium enema 
in many institutions worldwide, because of its 
superior diagnostic capability  [  7  ] , and different 
indications for its use in current clinical practice 
have been de fi ned with the agreement of gastro-
enterologists. CTC is now considered the method 
of choice to investigate the colon in cases of 
incomplete colonoscopy (OC)  [  8  ]  and also in 
elderly and frail patients  [  9,   10  ] , where the use of 
OC might be too risky. Moreover, according to 
the colorectal cancer (CRC) screening guidelines 
released in March 2008 by a multidisciplinary 
joint commission of the American Cancer Society, 
the US Multi-society Task Force on Colorectal 
Cancer (comprising three gastroenterology soci-
eties), and the American College of Radiology, 
CTC is also considered one of the preferred CRC 

screening tests for asymptomatic, average-risk 
individuals  [  11  ] . Unfortunately, especially when 
the discussion comes to the topic of CRC screen-
ing, the debate about the possible use of CTC 
remains. Other scienti fi c entities, such as the US 
Preventive Services Task Force (USPSTF)  [  12  ] , 
the Asia Paci fi c Working Group on Colorectal 
Cancer  [  13  ] , and the American College of 
Gastroenterology  [  14  ] , consider the evidence still 
insuf fi cient to recommend CTC as a preferred 
CRC screening test and raise some concerns 
related to its potential harms. Those concerns 
were also at the basis of the 2009 decision of the 
Centers for Medicare and Medicaid (CMS) to not 
provide reimbursement for screening CTC  [  15  ] . 

 Among the potential harms mentioned by the 
opponents of CTC, the potential biological risks 
related to radiation exposure, economic and non-
economic impact of detection and management 
of extracolonic  fi ndings, and cost-effectiveness 
represent the major controversies.  

   Radiation Exposure 

 The main potential drawback of screening with 
CTC is the exposure to ionizing radiation and the 
consequential theoretical risk of inducing a can-
cer that is inherent with the technique  [  16  ] . The 
risk is theoretical because there are still many 
uncertainties with regard to the true effects of 
ionizing radiation, since there are no markers that 
unequivocally identify a cancer as being radia-
tion induced as opposed to arising de novo  [  17  ] . 
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Moreover, the largest amount of information 
about the stochastic effect of ionizing radiation as 
the reason for increased cancer risk is based on 
long-term observational studies of survivors of 
the atomic bombing of Japan in the 1940s. This 
means that the carcinogenic risk induced by low 
doses of ionizing radiation has been extrapolated 
by data collected in populations exposed to very 
high doses of ionizing radiation using the linear 
no-threshold (LNT) model  [  18  ] . The LNT rela-
tionship implies proportionality between dose 
and cancer risk. This model was introduced in 
order to facilitate radiation protection, and it 
works well for    high-dose radiation exposures. 
This is not the case for low doses, where bio-
logic data demonstrate that the body’s defense 
mechanisms against radiation-induced carcino-
genesis are multiple and powerful and epidemio-
logical data show that there is no convincing 
evidence of a carcinogenic effect in humans or 
experimental animals for doses lower than 
100 mGy  [  19  ] . Those are the reasons why, 
according to the Health Physics Society (HPS), 
“below 5–10 rem [50–100 mSv] (which includes 
occupational and environmental exposures),    risk 
of health effects are either too small to be 
observed or are nonexistent”  [  20  ] . Nevertheless, 
the controversy continues to exist. Recently, the 
French Academy of Sciences and National 
Academy of Medicine, in a joint report  [  21  ] , 
concluded that the LNT hypothesis for assessing 
the risk associated with low doses “is not based 
on scienti fi c evidence”  [  19  ] . In contrast, the 
Biological Effects of Ionizing Radiation (BEIR) 
VII report  [  22  ]  and that of the International 
Commission on Radiological Protection (ICRP) 
 [  23  ] , largely based on data from Japanese atomic 
bomb survivors, but also taking into account 
some of the potential inaccuracies, recommended 
the use of the LNT model. 

 Even if the conservative LNT hypothesis is 
considered to be a valid tool for gauging risk 
associated with low-dose radiation exposure, the 
problem of radiation delivery to patients under-
going screening CTC appears to be negligible 
for several reasons: (1) the mean radiation expo-
sure in screening CTC examinations is low, (2) 
the bene fi ts associated with screening for CRC 

outweigh the risks of radiation-induced disease, 
and (3) epidemiological data from populations 
of occupational exposures provide an indirect 
evidence of absence of radiation-induced 
damage. 

   Mean Radiation Exposure in Screening 
CTC Examinations Is Low 

 Numerous studies have been conducted in order 
to assess the minimum acceptable dose to be 
delivered in CTC examinations while maintain-
ing a reasonable image quality  [  24,   25  ] . As a 
result of these studies, it is clear that performance 
of high-quality CTC with    low-dose radiation 
exposure is possible  [  26  ] . In a  fi rst European sur-
vey, published in 2002  [  27  ] , the median effective 
dose in CTC screening examinations was calcu-
lated to be around 8.8 mSv, which subsequently 
decreased to around 5.6 mSv 6 years later  [  28  ] . 
The theoretical risk of radiation-induced cancer 
decreased from 0.02% at 8 mSv to around 0.01% 
at 5 mSv. Recently, updated ESGAR guidelines 
 [  29  ]  suggested screening individuals with CTC 
using  £ 50 mAs for both prone and supine posi-
tions, excepting overweight patients. With this 
approach, the radiation dose would be further 
reduced to a level (around 3.6 mSv) that is 
slightly higher than annual background radia-
tion, which in Europe is around 2.5–3.0 mSv/
year  [  30  ] . 

 Further reduction of radiation exposure can 
now be obtained, thanks to the new iterative 
reconstruction algorithm available on recent 
MDCT scanners  [  31  ] . This algorithm differs from 
the current reconstruction method, the  fi ltered 
back projections, and has the potential to reduce 
image noise on low-dose images, thereby pre-
serving and enhancing image quality. This 
method can be modulated according to the per-
centage of desired dose reduction. As a draw-
back, the higher the percentage used, the longer 
(up to more than 30%) is the time required for 
image reconstruction  [  32  ] . In the case of CTC, 
the use of iterative reconstruction method allows 
us to achieve a reduction of dose exposure up to 
50%  [  33  ]  (Fig.  7.1 ).   
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   Bene fi ts Outweigh Risks 

 Bene fi t-risk considerations, when dealing with 
radiation exposure and subsequent potential bio-
logical damage, are mandatory, and even using 
the upper uncertainty bounds of the risk esti-
mates, the bene fi t-risk ratio is in favor of CTC 
screening. An interesting publication  [  34  ]  
recently addressed this issue. The aim of this 
study was to assess the bene fi t-risk ratio between 
cancers prevented and theoretically induced by a 
CRC screening program using CTC. Results of 
the study (based on an estimated mean effective 
dose per CTC examination of 8 mSv in women 

and 7 mSv in men and on a screening interval of 
 fi ve years) demonstrated that the estimated 
number of radiation-related cancers was 150 
cases/100,000 individuals screened, compared 
with the estimated number of CRC prevented by 
CTC, ranging between 3,580 and 5,190 
cases/100,000 individuals screened. The conse-
quent bene fi t-risk ratio, ranging between 24:1 
and 35:1, if considering cancer cases, and becom-
ing even higher if taking into account cancer 
deaths, was clearly in favor of CTC. Moreover, 
the authors also calculated the potential impact of 
radiation-related risk from CT exams performed 
to follow-up extracolonic  fi ndings, demonstrat-
ing that this additional radiation exposure does 
not have any signi fi cant impact. 

 A further improvement of bene fi t-risk ratio 
might come from the increased length of time 
interval between negative CTC exams. If CTC 
accuracy is con fi rmed to be quite close to OC, a 
10-year interval for CTC can be hypothesized, 
thus reducing the radiation risks by another 50%. 
For future discussion, we should also consider 
the possibility of performing a screening exami-
nation once in an individual life, similar to what 
has been proposed with sigmoidoscopy  [  35  ] . In 
that case, radiation exposure would have a mini-
mal impact, particularly considering that the age 
of the examination might be at around 58 years, 
when biological risk is further reduced.  

   Epidemiological Data from Populations 
of Occupational Exposures Provide 
an Indirect Evidence of Absence 
of Radiation-Induced Damage 

 Indirect evidence of the very low risk of radia-
tion-induced cancer in patients undergoing CTC 
originates from studies conducted in selected 
populations with occupational exposure to radia-
tion risk: airline crews and workers of nuclear 
plants. For example, airline crews are exposed to 
an average radiation dose of 5 mSv/year, and an 
airline pilot has a lifelong exposure close to 
80 mSv  [  36  ] . A survey of airline pilots in eight 
European countries found no increase in mortal-
ity for radiation-induced cancer over a 30-year 

  Fig. 7.1    Low-dose CT colonography examination 
obtained with 120 kVp, 50 mAs, and iterative reconstruc-
tion algorithm, 50%: overall dose exposure was 2.76 mSv 
for both prone and supine scans. Colon ( a ) and abdominal 
( b ) windows demonstrate high image quality despite low-
dose protocol       
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period  [  37  ] . Similar  fi ndings were observed in 
nuclear workers in two recently published studies 
 [  38,   39  ] . Thus, at the moment, “whilst there is no 
level of radiation exposure below which effects 
do not occur, current evidence indicates that the 
probability of airline crew or passengers suffer-
ing adverse health effects as a result of exposure 
to cosmic radiation is very low”  [  40  ] .   

   Extracolonic Findings 

 A possible advantage of CTC, but also a chal-
lenge, is the detection of extracolonic  fi ndings 
(ECFs)  [  41  ] . ECFs represent a mixed blessing. 
On one hand, they offer the screened individual 
the reassurance if absent. If detected, however, 
they can be a source of anxiety, inconvenience, 
potential complications, and added costs related 
to additional work-up, particularly for benign and 
unimportant  fi ndings. Care of ECFs should be 
taken, since with holding or not reviewing 
scanned regions of the body raises clinical and 
ethical implications. And the medicolegal conse-
quences of ignoring ECFs would be probably 
more important than those of responsibly manag-
ing them. Responsibility in the management of 
ECFs is extremely important in order to avoid the 
risk of practicing defensive medicine, a potential 
source of further increases in costs and burdens 
for the healthcare system  [  42  ] . 

   De fi nition and Categorization of ECFs 

 ECFs could be de fi ned as asymptomatic and 
unsuspected  fi ndings that are unrelated to the 
colon and incidentally detected during CTC 
examinations with a potential serious effect on an 
individual patient’s health  [  43  ] . This de fi nition 
excludes  fi ndings such as anatomic anomalies 
and changes related to post-traumatic events or 
previous surgery. Most ECFs detected during 
CTC with serious clinical relevance include solid 
renal mass, hepatic nodules, noncalci fi ed pulmo-
nary nodules (>1 cm), lymphadenopathy, and 
abdominal aorta aneurysms  [  43,   44  ] . To facilitate 
standardized communication of ECFs identi fi ed 
with CTC, different systems of categorization 
have been proposed, mainly based on the level of 
clinical importance  [  44–  48  ] . In particular, the 
international Working Group on Virtual 
Colonoscopy proposed a classi fi cation system 
known as C-RADS (CTC Reporting and Data 
System)  [  49  ] , analogous to the well-known Breast 
Imaging Reporting and Data System (BI-RADS) 
for mammography  [  50  ] . C-RADS classi fi es ECFs 
on the basis of their importance and potential 
need for further work-up (Table  7.1 ) (Fig.  7.2 ).   

 Although most of ECFs do not have any clini-
cal relevance, the ability to de fi nitively character-
ize incidental  fi ndings and to differentiate a 
benign lesion from a malignancy is often limited, 
if not impossible, from CTC images. This is due 

   Table 7.1    Classi fi cation of extracolonic  fi ndings according to C-RADS (CTC Reporting and Data System)  [  49  ]    

 CT Colonography Reporting and Data System (C-RADS) 

 E0  Limited exam. Compromised by artifact; evaluation of extracolonic soft tissues is severely limited 
 E1  Normal exam or anatomic variant. No extracolonic abnormalities visible 

 (a) Anatomic variant: e.g., retroaortic left renal vein 
 E2  Clinically unimportant  fi nding. No work-up indicated. Examples: 

 (a) Liver and kidney: simple cysts 
 (b) Gallbladder: cholelithiasis without cholecystitis 
 (c) Vertebra: hemangioma 

 E3  Likely unimportant  fi nding, incompletely characterized. Subject to local practice and patient preference, 
work-up may be indicated. Examples: 
 (a) Kidney: minimally complex or homogeneously hyperattenuating cysts 

 E4  Potentially important  fi nding. Communicate to referring physician as per accepted practice guidelines 
 (a) Kidney: solid renal mass 
 (b) Lymphadenopathy 
 (c) Vasculature: aortic aneurysm 
 (d) Lung: nonuniformly calci fi ed parenchymal nodule  ³ 1 cm 
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to the lack of routine injection of intravenous 
contrast medium and the use of low-dose tech-
nique with CTC, resulting in wide variability of 
detection and characterization of ECFs among 
radiologists  [  51  ] .  

   Prevalence of ECFs 

 The prevalence of ECFs is variable. It has been 
reported to range between 5%  [  52  ]  and 25%  [  53  ]  
if only major  fi ndings are considered, but if also 
including minor or moderate ECFs, it is much 
higher, increasing to 60–70%  [  54  ] . This discrep-
ancy may be related to differences in patient 
selection, de fi nitions, and reporting thresholds 
of extracolonic abnormalities. In general, older 
patients have a higher frequency of ECFs  [  55  ] .
This is also true in symptomatic patients com-
pared with asymptomatic patients  [  56,   57  ] . 
It should be clear, however, that most ECFs will 
ultimately prove to be of little or no clinical rel-
evance; thus, recommendations for further diag-
nostic work-up must be carefully considered.  

   ECF-Related Costs and Bene fi ts 

 The major issue concerning ECFs is the extra 
time necessary for reporting and the costs induced 
by unnecessary investigations of common benign 
abnormalities. The reporting of suspicious ECFs 
may lead to additional examinations, necessary 

for better characterization, potentially inducing a 
“cascade effect” of additional exams  [  51  ] . 
Additional procedures result in increased costs 
and risks of morbidity (and rarely mortality) due 
to invasive diagnostic examinations and surgical 
interventions. 

 Some studies have recently estimated costs 
and bene fi ts of CTC including detection of 
ECFs. In the prospective study of Xiong et al. 
 [  58  ] , an average cost of $297 per patient, con-
sidering not only initial diagnostic costs but 
also all downstream expenses (e.g., interven-
tional procedures, surgery, and hospitaliza-
tions), was calculated. The estimated overall 
cost was 46% greater than the value of CTC 
examination. This  fi gure is quite distant from 
the results obtained in two previous studies that 
estimated the cost of ECFs to be $28  [  44  ]  and 
$67  [  45  ] , respectively, per patient. Differences 
among these studies are mainly related to the 
calculation of downstream costs, in particular 
surgical procedures, accounting for 87% of the 
total amount. 

 However, ECFs can also be considered a 
potential bene fi t (i.e., detection of unsuspected 
abdominal aortic aneurysm or renal cancer at a 
curable stage) that improves the overall cost-
effectiveness of CTC. It should not be forgotten 
that extracolonic cancers are more frequent than 
CRC.    In a screening of average-risk population, 
extracolonic malignancies are encountered in 
1/250 patients, whereas the expected prevalence 
of CRC is around 1/400–500 individuals  [  42  ] . 

  Fig. 7.2    Two examples of extracolonic  fi ndings ( a ) E2, simple renal cyst ( arrows ) and ( b ) E4, abdominal aortic aneu-
rysm ( arrow )       
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In a study published by Hassan et al.  [  59  ] , a 
cost-effectiveness analysis on a simulated aver-
age-risk population of 100,000 subjects was per-
formed, comparing CTC, including the detection 
of ECF, and OC both with and without abdominal 
ultrasonography for abdominal aortic aneurysm 
detection. Results of the model demonstrated 
that when detection of ECFs were considered in 
addition to CRC, CTC is a dominant screening 
strategy (i.e., more effective and less expensive) 
compared with both OC and OC with 1-time 
ultrasonography.  

   Management of ECFs 

 The most important task for radiologists 
approaching CTC is to report clinically relevant 
ECFs, avoiding misdiagnosis of severe disease 
and taking into account the need for limiting a 
possible increase of costs related to excessive 
recommendations for additional imaging. This 
can be achieved if experienced abdominal radio-
logists, trained in CT interpretation, are used for 
interpreting and reporting. In a recent study  [  60  ] , 
trained radiologists had similar rate of recom-
mendations for additional imaging (6.0% and 
4.4%, respectively) in two populations of patients 
(seniors and nonseniors) with a clear difference 
in the number of ECFs (74% versus 55%). In 
other words, it is not the prevalence of ECFs that 
is implicated with the rate of recommendations, 
but rather the experience of the readers. The con-
sequences of a low rate of recommendations for 
additional imaging are obvious.   

   Cost-Effectiveness 

 Reasons for discussing cost-effectiveness have 
their basis in the fact that before a test is adopted 
for screening, in this particular case CRC screen-
ing, cost-effectiveness must be demonstrated. 
Given the large budget de fi cits most countries 
currently face, it is of great importance that 
resources be used ef fi ciently and that any new 
options for CRC screening be cost-effective. 
In fact, while many available tests are variously 

effective for the detection of CRC and its 
precursors, there are still many uncertainties about 
relative cost-effectiveness  [  61  ] . This has resulted 
in a wide variety of screening strategies being 
offered worldwide and also in con fl icting data 
among guidelines published by different authori-
ties. The case of CTC is emblematic: on the one 
hand, according to multidisciplinary joint com-
mission of the American Cancer Society, the US 
Multi-society Task Force on Colorectal Cancer, 
and the American College of Radiology, CTC is 
recommended as a potential CRC screening test 
in average-risk individuals  [  11  ] . Conversely, the 
adoption of CTC is considered not supported by 
suf fi cient evidence according to the guidelines 
from USPSTF  [  12  ] . These different opinions 
underscore the fact that cost analysis is a very 
dif fi cult task, especially in the absence of real 
data, and necessarily based only on mathematical 
models. 

 Among the seven studies published in the lit-
erature  [  62–  68  ] , only two are in favor of CTC, 
demonstrating that CTC was dominant (i.e., less 
expensive and more effective) over  fl exible sig-
moidoscopy and cost effective compared with 
OC (i.e., showing a favorable incremental cost-
effectiveness ratio, ICER). However, a subse-
quent review of the literature  [  69  ]  pointed out the 
profound differences among the different models 
used in these studies, as well as the weakness of 
this mathematical approach, where a minimal 
variation of a single input may completely alter 
the  fi nal results. As an example, if the cost ratio 
between CTC and OC is  £ 70%, the model is usu-
ally in favor of CTC. If, however, the cost of CTC 
is higher than 80% of the cost of OC, then OC is 
the most cost-effective method. 

 Other variables, with the potential to deeply 
affect models and consequent evaluation of 
effectiveness, should be taken into consider-
ation: natural history assumptions related to 
 colorectal polyps and population screening 
adherence rate. The key feature of natural his-
tory is the dwell time of preclinical disease: 
dwell time of CRC vary from 8 to 25 years 
across models and help explain differences in 
projected screening effectiveness  [  70  ] . Another 
very important issue, screening adherence rate, 
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is rarely taken into account in cost-effectiveness 
models  [  69  ] . If it is considered, it is typically 
considered with a baseline of 100% with subse-
quent reduced screening adherence scenarios 
hypothesized and applied equally to all screen-
ing tests  [  71  ] . As we all know, this is absolutely 
not true, as shown by recent published data of 
the COCOS trial, demonstrating a clear advan-
tage of CTC over OC in terms of the screening 
adherence rate of the invited population of 
screening individuals  [  72  ] . Adherence rate is 
one of the major variables affecting the positive 
outcome of a screening program, since low 
adherence may dilute the bene fi ts of a very 
accurate test, making it less ef fi cient in terms of 
cancer prevention compared with a test with 
lower accuracy but higher penetration in the 
population. As an example, if we consider the 
ef fi ciency of a screening program in preventing 
cancer as the product between ef fi cacy of the 
test and adherence, OC, with an ef fi cacy of 
around 85%, would prevent exactly 85% of the 
cancer in the screened population only if each 
single individual would be part of the program 
(adherence = 100%). But if adherence drops to 
9%, the ef fi ciency of a program using OC would 
be 7.6% (ef fi ciency of OC = ef fi cacy, 
85% × adherence, 9%). This means that if we 
use a less effective test (e.g., FOBT with a 
reported ef fi cacy in CRC cancer of around 
16–33%) but with higher adherence (e.g., 50%), 
the overall ef fi ciency of a FOBT program would 
be 16%, more than two times higher than the 
OC program and at a de fi nitely lower cost. 

 Finally, unequivocal data, at least in Europe, 
are almost impossible to collect, because of the 
differences in the multitude of healthcare sys-
tems, reimbursement, cost of equipment, and 
personnel, all of which are additional important 
variables affecting the  fi nal outcome of cost-
effectiveness. Thus, cost-effective analyses 
remain an important tool in the hands of policy 
makers, but their results do not speak for them-
selves. There are important uncertainties due to 
the inherent theoretical assumptions of these 
analyses and to the dif fi culties in quantifying 
bene fi ts and harms of each individual test  [  73  ] .  

   Conclusions 

 Biological risks related to radiation exposure, 
economical and noneconomical impact of detec-
tion and management of ECFs, and cost-effec-
tiveness represent the major controversies of 
CTC and its positioning as an acceptable CRC 
screening modality. While additional data has 
become available that has clari fi ed some of these 
issues, the discussion and uncertainty around all 
three issues still exists. Additional evidence 
geared toward providing more de fi nitive esti-
mates of the direction and magnitude of these 
issues is needed. Given the data that has accumu-
lated over the last decade, it is likely that addi-
tional analyses will continue to support CTC as a 
viable and acceptable CRC screening modality.  

   Key Points 

    Major controversies of CTC are represented • 
by biological risks of radiation exposure, 
impact of detection and management of extra-
colonic  fi ndings, and cost-effectiveness.  
  Carcinogenic risk of low-dose radiation expo-• 
sure is still under debate, but the amount of 
radiation delivered during screening CTC 
examination is low, and it will become even 
lower with advances in CT technology.  
  The bene fi t-risk ratio of using CTC as a CRC • 
screening test has been estimated to range 
between 25:1 and 35:1, thus in clear favor of 
CTC.  
  Indirect evidence derived from selected popu-• 
lations with occupational exposure to radia-
tion risk indicates that the probability of 
adverse health effects as a result of exposure 
to ionizing radiation is extremely low.  
  Extracolonic  fi ndings have high prevalence, • 
but only a minority have clinical relevance; 
they are more common in symptomatic and 
elderly patients.  
  Extracolonic  fi ndings represent not only an • 
extra cost (due to recommendations for addi-
tional imaging and/or follow-up), but they can 
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be considered a unique opportunity to improve 
cost-effectiveness of screening CTC.  
  The most important task for CT colonogra-• 
phers is to report clinically relevant extraco-
lonic  fi ndings, avoiding misdiagnoses of 
severe diseases and limiting excessive recom-
mendations for additional imaging.  
  Cost-effective analyses are an important • 
instrument in the hands of policy makers, but 
their results do not speak for themselves. 
There are important uncertainties due to 
theoretical assumptions and to the dif fi culties 
in quantifying bene fi ts and harms of each 
single test.         
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         Introduction 

 There are numerous pitfalls and artifacts in com-
puted tomography colonography (CTC) interpre-
tation. One must be cognizant of these in order 
not to overcall pathology and refer patients for 
unnecessary optical colonoscopies (OC). This 
chapter will demonstrate the most common pit-
falls and artifacts associated with CTC interpre-
tation and provide ways to best analyze and 
accurately assess these  fi ndings. At a minimum, a 
combined 3-D and 2-D analysis is required to 
adequately analyze and accurately interpret a 
CTC. In order to minimize artifacts, one must 
start with the best 3-D model possible. Many 
interpretation pitfalls and image artifacts can be 
avoided when attention is paid to proper patient 
preparation and image acquisition. A diagnostic 
quality CTC requires an adequate bowel cleans-
ing prep, stool and  fl uid tagging with barium and 
water-soluble contrast agents, adequate patient 
hydration, mechanical CO 

2
  insuf fl ation of the 

colon, and optimal distension of all colon seg-
ments (Fig.  8.1a–d ).  

 The artifacts associated with CTC interpreta-
tion can be considered in three major categories: 
(a) bowel preparation-related artifacts, (b) imag-

ing-related pitfalls and artifacts, and (c)  anatomical 
variants. Preparation-related pitfalls and artifacts 
include retained stool and  fl uid, retained dense 
and dilute contrast, and problems related to detec-
tion and measuring of submerged polyps. 
Imaging-related artifacts include segmental 
spasm, air– fl uid interface artifact, electronic 
cleansing artifact, respiratory motion artifact, 
image noise or quantum mottle artifact, spray 
artifact, and data dropout. Anatomical variants 
include extrinsic compression effects from adja-
cent structures, stool- fi lled diverticula,  fl at and 
pedunculated polyps, lipomas, rectal veins, hem-
orrhoids, and variations of the ileocecal valve 
and appendix. Each of these will be addressed 
below.  

   Preparation-Related Pitfalls 
and Artifacts 

 All bowel preparations leave behind residual 
stool and  fl uid in the colon. Depending on the 
length and redundancy of the colon, this stool and 
 fl uid contamination may be signi fi cant. It is 
imperative that patients understand the 
signi fi cance of following the bowel preparation 
and stool tagging instructions so that optimal 
cleansing and tagging can be accomplished. The 
majority of retained stool and  fl uid can be ade-
quately tagged and electronically subtracted in 
most patients. When there is signi fi cant stool and 
 fl uid contamination present, there may not be 
complete tagging and electronic cleansing. 
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Large collections of stool contain small pockets 
of air and fecal fat that can be easily visualized on 
2-D source images and attenuation color map-
ping (Fig.  8.2a–c ). Even moderate-sized stool 

balls demonstrate this heterogeneous attenuation 
on 2-D source images and color mapping 
(Fig.  8.3a–c ). Smaller stool balls, however, may 
not contain signi fi cant collections of air or fecal 

  Fig. 8.1    Images ( a ) and ( b ) are normal supine and prone 
overviews of the colon, demonstrating complete disten-
tion from the rectum to cecum. Images ( c ) and ( d ) are 

normal 3-D endoluminal images demonstrating a smooth 
mucosal surface with essentially no contamination or 
adherent stool/barium       

  Fig. 8.2    Images ( a )–( c ) demonstrate a large collection of stool which contains multiple pockets of air and fecal fat 
giving it a heterogeneous appearance on the 2-D source and attenuation color window mapping images       
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fat and  therefore can mimic polyps. To distinguish 
these small stool balls from true polyps, one must 
look to the contour and mobility of the lesions in 
question. Stool balls have an angulated, squared, 
or facetted contour (Fig.  8.4a–c ), and, unless 
adherent to the colon wall, fall to the dependent 
portion of the colon on prone and supine views 
(Fig.  8.5a–d ). Figure  8.6a–h  demonstrates varying 
degrees of stool contamination found on CTC.      

 Retained  fl uid within the colon can also 
signi fi cantly impair visualization of the colon 
wall and degrade polyp detection. When there is 
signi fi cant retained  fl uid present, oral contrast 
agents will be diluted down to a point below the 
cutoff for electronic cleansing. As a result, this 
dilute and tagged  fl uid will not be subtracted out. 
This can mask the dependent colon wall on the 
3-D endoluminal views. Imaging of the colon in 
the prone and supine positions is performed in 
order to shift the dilute  fl uid to opposing depen-
dent walls or to different segments of colon. This 

allows for visualization of the colon surface on at 
least one view (Fig.  8.7a–d ). When diluted  fl uid 
 fi lls the entire lumen of the colon, 3-D endolumi-
nal visualization of the involved segment cannot 
be performed. With prone and supine imaging, 
however, the dilute  fl uid will typically shift and 
allow adequate visualization of the colon lumen 
on at least one view (Fig.  8.8a–f ). If there is ade-
quate luminal distension by the residual tagged 
 fl uid, the 2-D source CT images can be used to 
evaluate for polyps or masses. The 2-D source 
images should be viewed with the electronic 
cleansing algorithm turned off. Then, just like 
with solid column barium enema, polyps or 
masses will be visible as  fi lling defects in the 
 fl uid pool on the 2-D CT images (Fig.  8.9a, b ).    

 Dense contrast collections may also decrease 
sensitivity for polyp detection. Droplets of desic-
cated barium can adhere to the colon wall and 
mimic sessile polyps on the endoluminal views. 
These droplets are usually seen in patients who 

  Fig. 8.3    Images ( a )–( c ) demonstrate a moderate-sized stool ball containing air and fecal fat also giving it a heteroge-
neous appearance on the 2-D source and attenuation color window mapping images       

  Fig. 8.4    Images ( a )–( c ) demonstrate a dense stool ball without internal collections of air and fecal fat which shows the 
characteristic angulated, squared, or facetted contour of stool       
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did not maintain adequate hydration during the 
bowel preparation or who did not take the water-
soluble contrast agent with the barium tagging 
agent. The water-soluble contrast agent is hyper-
osmolar and serves as a wetting agent in the colon, 
thereby preventing desiccation of the barium 
droplets on the colon surface. Desiccated barium 
droplets can be differentiated from true polyps by 
their high density on both the 2-D source images 
and colon window images. They make interpreta-
tion dif fi cult only due to their increased number 
(Fig.  8.10a–c ). Contrast tagged  fl uid surrounding 
submerged polyps can complicate detection and 
analysis of polyps. The electronic cleansing algo-
rithms are not complete. They can distort the sur-
face of the colon wall or polyp that abuts the 
tagged  fl uid. Due to this subtraction artifact, the 

surface of a submerged polyp may be irregular on 
the 3-D endoluminal views, mimicking the sur-
face of stool. Polyps will maintain their normal 
smooth contour on the non-submerged endolumi-
nal view. Evaluation of submerged polyps can be 
facilitated by again turning the subtraction algo-
rithm off on the 2-D source images. The polyp 
will be seen as a  fi lling defect in the tagged  fl uid 
on the 2-D source images (Fig.  8.11a–d ).   

 Polyp measurement is best obtained on the 3-D 
endoluminal images with the polyp free from sur-
rounding tagged  fl uid (i.e., on the nondependent 
wall of the colon). Polyp measurements should be 
taken perpendicular to the base of the polyp and 
colon wall. Measurements taken of submerged 
polyps on the 3-D endoluminal views will under-
estimate the true size of the polyp (Fig.  8.12a, b ).  

  Fig. 8.5    Images ( a )–( d ) demonstrate a mobile stool ball in the cecum       
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 Preparation-related pitfalls and imaging 
 artifacts can best be minimized with the utiliza-
tion of a proper cathartic bowel preparation, 
stool and  fl uid tagging with electronic cleansing, 
and imaging the patient in the prone and supine 
positions. However, when faced with signi fi cant 
residual stool or  fl uid and contrast contamina-
tion, one can utilize the characteristic morphol-
ogy and density of stool and dense contrast 
coupled with the physics of prone and supine 
positioning to help differentiate true polyps from 
contamination. Using the 2-D source images 
with the cleansing algorithm turned off can help 
in detecting polyps when there is complete  fi lling 
of the colon lumen by tagged  fl uid. Finally, by 

 understanding the effects of residual  fl uid on 
submerged polyps, one can accurately identify 
and measure these lesions.  

   Imaging-Related Pitfalls and Artifacts 

 There are multiple pitfalls and artifacts related to 
the actual imaging of the CTC patient. Some of 
these artifacts and pitfalls can be minimized with 
proper imaging techniques. Others are the inevi-
table by-product of the standard low-dose 
 technique used for this screening study and the 
imaging properties of CT. Luminal narrowing, 
segmental collapse, air– fl uid interface artifact, 

  Fig. 8.6    Images ( a )–( h ) demonstrate varying degrees of stool contamination found on CTC       
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electronic cleansing or subtraction artifact, image 
noise artifact, spray artifact, and data dropout are 
the major imaging-related pitfalls and artifacts. 
Each of these will be addressed below. 

 Adequate colon distension is critical for 
proper 3-D model building. Inadequate disten-
sion leads to luminal narrowing or frank seg-
mental collapse. Luminal narrowing produces 
thickening of the colonic folds, which, if focal 
enough, can mimic a polyp. This is especially 
true when evaluating for polyps on the 2-D 
source images. True fold thickening, in contrast 
to adherent stool/barium or a sessile polyp, 
should be uniform in caliber and smooth. It is 
usually found on the inside curve of a  fl exure or 
a turn of the sigmoid or transverse colon 

(Fig.  8.13a–f ). Segmental narrowing can result 
from spasm, colon cancer, diverticulosis, scar-
ring from prior surgery, radiation, or in fl ammation 
(Fig.  8.14a–f ). Figure  8.15a, b  demonstrates a 
stent placed across a known colon cancer in the 
descending colon. Suboptimal distension of the 
colon requires an intense 3-D and 2-D analysis 
of the involved segments to exclude underlying 
polyps or masses.    

 Frank collapse secondary to focal spasm 
results in total loss of visualization of the colon 
lumen on both the 3-D and 2-D images. Signi fi cant 
polyps or masses cannot be excluded from these 
segments. If the segmental collapse involves the 
same segment on both the supine and prone 
series, then this constitutes an incomplete CTC 

  Fig. 8.7    Images ( a )–( d ) demonstrate the utility of prone and supine imaging. Dilute non-subtracted  fl uid is shifted to 
the opposing walls of the colon, allowing for visualization of the colon surface on at least one view       
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(Fig.  8.16a, b ). Tailoring the exam to the patient’s 
anatomy can minimize luminal narrowing and 
segmental collapse. Obtaining a scout image or 
representative preliminary slices through the 
abdomen and pelvis prior to scanning the patient 
allows the CT technologist to verify maximal dis-
tention of the colon. Review of the scout images 
may also result in the detection of pathology out-
side of the colon (Fig.  8.17a–d ). If narrowed or 
collapsed segments are identi fi ed on the scout 
view or preliminary slices, placing the patient in 
a decubitus or oblique position and re-insuf fl ating 
the colon may adequately distend the narrowed 
or collapsed segments identi fi ed (Fig.  8.18a–f ).    

 Large air– fl uid levels in the colon can lead to 
an air– fl uid interface artifact within the lumen of 
the colon that can obscure portions of the colon 
wall. Manual  fl y-through both above and below 
this artifact on the 3-D views, as well as careful 
analysis of the 2-D source images, is required to 
adequately evaluate the involved segment 
(Fig.  8.19a–d ). Stool and  fl uid cleansing algo-
rithms, in addition to distorting the contour of 
submerged polyps, can produce irregularities in 
the colon wall itself. Electronically cleansed 
pools of  fl uid leave a “bathtub ring” type of irreg-
ularity on the dependent wall of the colon 
(Fig.  8.20a–d ). Thin folds submerged in tagged 

  Fig. 8.8    Images ( a )–( d ) demonstrate the problem with 
signi fi cant dilute  fl uid  fi lling the entire lumen of the colon. 
In the prone position,  fl uid  fi lls the mid-transverse colon 
preventing 3-D endoluminal visualization of that segment. 

In the supine position, the  fl uid moves to the ascending or 
descending colon, allowing for 3-D endoluminal visual-
ization of the mid-transverse colon       
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 fl uid can have signi fi cant erosions of the apex of 
the fold (Fig.  8.21a–d ). If tagged  fl uid is present 
in adjacent segments of bowel, the contiguous 
walls may be subtracted out together producing a 
communicating hole between the two segments 
of the bowel. When present, a manual  fl y-through 
of the excluded segment of the bowel is required 
(Fig.  8.22a–c ). These electronic cleansing arti-
facts are positional in nature, involving the depen-
dent portions of bowel, and therefore should not 
be persistent on both the supine and prone 
views.     

 With today’s multi-slice CT scanners, imag-
ing of the abdomen and pelvis can usually be 
obtained during a single breath hold. However, in 
some patients with underlying respiratory or car-
diovascular conditions, imaging in the supine or 

prone positions may be problematic. Signi fi cant 
tachypnea can result in a stair-stepping artifact 
involving those bowel segments and solid organs 
adjacent to the diaphragm. This can be pro-
nounced on the 3-D images as well as the 2-D 
sagittal- and coronal-formatted images. The axial 
2-D images source images will show the least 
motion artifact (Fig.  8.23a–c ).  

 CTC utilizes a low-dose technique to obtain 
the source CT data that is used to build the 3-D 
model. This low-dose technique, coupled with 
the large body habitus of the average patient, 
results in a decrease in the signal to noise ratio of 
the source images. This produces a mottled irreg-
ularity to the 2-D source images as well as the 
colon surface on the 3-D endoluminal images. 
On the 2-D source images, this image noise, or 

  Fig. 8.9    Images ( a ) and ( b ) demonstrate the bene fi t of 
evaluating  fl uid- fi lled segments of bowel on the 2-D 
source images with the electronic cleansing algorithm 

turned off. Polyps or masses can be seen as persistent 
 fi lling defects in the  fl uid pool on these 2-D images       

  Fig. 8.10    Images ( a )–( c ) demonstrate desiccated barium droplets carpeting the mucosal surface of the cecum. 
Their high density can be easily seen on the color window and 2-D source images       
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quantum mottle, is manifested to a greater extent 
on the narrow soft tissue windows. It is recom-
mended that the 2-D images be evaluated on the 
wider bone windows (Fig.  8.24a–d ).  

 Spray artifact from retained metal hardware 
can degrade both the 3-D endoluminal and 2-D 
source images. Hip prostheses, Harrington rods, 
and spinal fusion hardware can produce signi fi cant 
spray artifact, limiting visualization of the bowel 
and adjacent structures in the abdomen and pel-
vis. As with image noise, spray artifact is less 
pronounced on the 2-D images when viewed with 
the wider bone windows (Fig.  8.25a–c ).  

 Data dropout occurs when portions of the 
colon are not included in the 2-D CT data set. 
This usually involves the  fl exures or the rectum. 

Data dropout appears as a black region devoid of 
any mucosal detail in the 3-D colon model. This 
artifact can be avoided with proper imaging of 
the entire abdomen and pelvis from the dome of 
the diaphragm to the pubic symphysis. It is also 
unusual for it to be present on both the prone and 
supine views (Fig.  8.26a–f ).  

 As with patient preparation, the actual imag-
ing of the CTC patient can be problematic, result-
ing in imaging pitfalls and artifacts. Adequate 
colonic distension is critical to the production of 
a diagnostic quality CTC study. The mechanical 
CO 

2
  insuf fl ator has revolutionized CTC imaging. 

Slow and gentle CO 
2
  insuf fl ation, coupled with 

maintaining a steady state luminal pressure of 
25 psi during the exam, has signi fi cantly reduced 

  Fig. 8.11    Images ( a )–( d ) demonstrate the effect of the 
electronic cleansing algorithm on the surface contour of 
submerged polyps. Images ( a ) and ( b ) show the smooth 
surface contour of a non-submerged sessile polyp. Images 

( c ) and ( d ) show the same polyp submerged in contrast. 
Note the irregular surface contour of the polyp on the 3-D 
endoluminal images       

 



146 D.W. Jensen and D. Barlow

  Fig. 8.12    The electronic cleansing algorithm will also 
distort the size of submerged polyps. Image ( a ) shows the 
measurements taken of a 5-mm sessile polyp on a nonde-
pendent wall of the colon. Image ( b ) shows the measure-

ments taken on the same polyp submerged in retained 
 fl uid. The measurements taken on a submerged polyp 
greatly underestimate the actual size of that polyp       

  Fig. 8.13    Luminal narrowing can produce wall thicken-
ing which is usually uniform in caliber as demonstrated 
on images ( a ) and ( b ). Focal wall thickening can be the 

result of adherent barium/stool (images  c  and  d ) or a ses-
sile polyp (images  e  and  f )       
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  Fig. 8.14    Two examples of segmental narrowing. Images 
( a )–( c ) demonstrate an annular constricting mass with 
overhanging edges in the distal sigmoid colon that turned 
out to be an adenocarcinoma. Images ( d )–( f ) demonstrate 

segmental narrowing in the sigmoid colon secondary to 
diverticulosis with secondary muscular hypertrophy and 
spasm       

  Fig. 8.15    Images ( a ) and ( b ) demonstrate an indwelling colon stent, placed across a annular constricting mass in the 
descending colon       
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the incidence of luminal narrowing or frank seg-
mental collapse. Targeting narrowed or collapsed 
segments on the scout or preliminary views and 
aggressively distending those segments through 
the use of decubitus patient positioning can also 
decrease the incidence of segmental narrowing or 
collapse. Air– fl uid interface artifact, electronic 
cleansing artifact, image noise artifact, spray arti-
fact, and data dropout artifact are the by-products 
of the 3-D model building software algorithms 
and low-dose CT imaging technique used in 
CTC. They must be understood and recognized 
as imaging artifacts in order to adequately inter-
pret a CTC study.  

   Anatomical Variant Pitfalls 
and Artifacts 

 No two patients are the same. There are numer-
ous anatomical variants that can mimic pathol-
ogy on 3-D endoluminal images. It is important 
to recognize these anatomical variants when 
evaluating the colon for pathology. Essentially, 
any structure in the abdomen or pelvis that abuts 
the colon can cause mass effect on the bowel 
wall and can be mistaken for pathology on the 

 endoluminal views. Diverticular disease can sim-
ulate sessile polyps.    Flat polyps are a variant of 
sessile polyps, which are especially dif fi cult to 
detect on both CTC and OC. Pedunculated pol-
yps can be mistaken for mobile stool if their stalk 
is long and inconspicuous. Benign lipomas of the 
colon can look identical to sessile polyps on 3-D 
endoluminal views. Rectal veins, anal papillae, 
and internal hemorrhoids can produce mucosal 
defects in the rectum that can be mistaken for 
intracolonic neoplasia. Finally, variations in con-
tour and con fi guration of the appendix and ileo-
cecal valve can represent normal variants or true 
pathology. Examples of each of these cases will 
be discussed below. 

 Extrinsic compression of the colon by any of 
the adjacent structures in the abdomen and pel-
vis can produce a mass effect on the bowel wall 
resulting in a pseudopolyp or mass on the 3-D 
endoluminal views. Rib ends (Fig.  8.27a, b ), the 
sacrum (Fig.  8.28a, b ), the iliac arteries 
(Fig.  8.29a–c ), uterine  fi broids (Fig.  8.30a–c ), 
small bowel (Fig.  8.31a–c ), and even a calci fi ed 
gallstone (Fig.  8.32a–c ) have been shown to pro-
duce such extrinsic compression artifacts on the 
colon wall. Extrinsic compression by foreign 
bodies such as surgical clips (Fig.  8.33a, b ), a 

  Fig. 8.16    Images ( a ) and ( b ) demonstrate segmental collapse of the colon on both the supine and prone series resulting 
in non-visualization of the transverse and sigmoid colon. This constitutes an incomplete CTC       
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granulation tissue in a suture line (Fig.  8.34a–c ), 
a vaginal tampon (Fig.  8.35a, b ), and a rectal 
tube (Fig.  8.36a, b ) can produce similar pseudo-
polyp or mass-like artifacts on the 3-D endolu-
minal views. Endoluminal views of a 
pedunculated polyp (Fig.  8.37a, b ), a sessile 
polyp (Fig.  8.37c, d ), and a  fl at polyp (Fig.  8.37e, f ) 

are shown for comparison. Correlation with the 
2-D CT images is required to exclude extrinsic 
compression by an adjacent structure as the eti-
ology of these polyps or masses on the 3-D 
endoluminal images.            

 There are many conditions associated with a 
prepared colon that can mimic polyps. 

  Fig. 8.17    Images ( a ) and ( b ) are scout images from a 
CTC which demonstrate adequate CO 

2
  distension of the 

entire colon on both the prone and supine series. Obtaining 
scout images or representative preliminary slices through 
the abdomen and pelvis prior to imaging the patient helps 
to guarantee maximal distension of the colon during imag-
ing. Review of the scout images may also detect pathol-
ogy outside of the colon. The supine scout on this patient 

demonstrates a clinically occult right upper lobe 
 pulmonary mass. Images ( c ) and ( d ) demonstrate a diag-
nostic quality 3-D model of the colon on both the prone 
and supine series. The colon is adequately in fl ated on both 
views, and a continuous virtual  fl ight path (demarcated by 
the  green line ) has been established from the rectum to the 
cecum on both the prone and supine series       
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These include dense adherent stool (Fig.  8.38a–
c ), air bubbles trapped under contrast (Fig.  8.39a–
c ), tagged stool in a barium pool (Fig.  8.40a–c ), 
and residual ingested material (Fig.  8.41a–d ). 
Even submucosal air- fi lled cysts as seen in pneu-

matosis cystoides intestinalis (Fig.  8.42a–c ) can 
simulate polyps in the prepared colon. These 
entities can usually be differentiated from true 
polyps by density analysis and correlation with 
the 2-D source images.      

  Fig. 8.18    Images ( a )–( f ) demonstrate the bene fi t of 
oblique or decubitus positioning. The rectosigmoid junc-
tion is partially collapsed on the supine series. Imaging 

the patient in an oblique decubitus position allows for 
adequate distension and therefore visualization of that 
segment of colon       

  Fig. 8.19    Images ( a )–( b ) demonstrate an air/ fl uid interface artifact in the transverse colon       
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 Diverticular disease is endemic in the CRC 
screening population. It usually involves the 
descending and sigmoid colon and can be rather 
extensive in these segments. Stool- fi lled diver-
ticula can mimic sessile polyps (Fig.  8.43a–c ). 
Correlation with the 2-D CT images as well as 
density interrogation, however, can usually dif-
ferentiate these lesions from true polyps. The 
retained stool in the diverticulum will contain 
dense contrast as well as low-density fecal fat 
and air bubbles. Its location in a diverticulum can 
be con fi rmed on the appropriate 2-D CT images.  

 Flat polyps, given their diminutive height 
above the colon wall, are dif fi cult to identify on 

both CTC and OC. Flat polyps appear as subtle 
mucosal irregularities on the 3-D endoluminal 
views. Varying the arti fi cial light source and cor-
relation with the 2-D CT views can help in detect-
ing the subtle lesions (Fig.  8.44a–d ).  

 Mobility in positioning on the prone and 
supine views is one of the characteristics of stool. 
Pedunculated polyps on long stalks can also dem-
onstrate such mobility and therefore be mistaken 
for stool if the stalk is not recognized (Fig.  8.45a–c ). 
Whenever dealing with mobile lesions in the 
colon, always consider the pedunculated polyp 
and look for the diminutive stalk on both the 3-D 
and 2-D images.  

  Fig. 8.20    Images ( a )–( d ) demonstrate the characteristic 
“bathtub ring”-type artifact produced by the electronic 
cleansing algorithm. This artifact is seen on the posterior 
wall of the rectum with the patient in the supine position. 
Rolling the patient into the prone position shifts the tagged 

 fl uid into the proximal sigmoid colon. The posterior wall 
of the rectum in the prone position demonstrates the nor-
mal smooth colonic mucosa with clearing of the ring 
artifact       

 



152 D.W. Jensen and D. Barlow

  Fig. 8.21    When there is tagged  fl uid on both sides of a 
thin fold, the electronic cleansing algorithm can create 
signi fi cant distortion of that fold as seen in images ( a ) and 

( b ). Images ( c ) and ( d ) demonstrate those same folds 
without adjacent  fl uid or distortion       

  Fig. 8.22    Images ( a )–( c ) demonstrate a communicating 
hole between adjacent segments of bowel secondary to 
electronic cleansing artifact. The bypassed segment of the 

colon must be evaluated with a manual  fl y-through on the 
3-D model       
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  Fig. 8.23    Images ( a )–( c ) demonstrate stair step-like artifact secondary to respiratory motion. This artifact is more 
pronounced on the 3-D endoluminal images and the coronal- and sagittal- reformatted images       

  Fig. 8.24    Images ( a ) and ( b ) show a mottled irregularity 
to the surface of the colon on the 3-D endoluminal views 
which is the result of increased image noise associated 
with the low-dose imaging of CTC. Image ( c ) demon-

strates the same image noise or quantum mottle on the 
2-D source images. Image noise can be decreased on the 
2-D images through the use of wider windows as seen in 
image ( d )       
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 Lipomas of the colon are benign entities that do 
not require removal. They can mimic polyps on 
the 3-D endoluminal images. Lipomas are usually 
sessile in nature. Given their soft consistency, they 
may show different degrees of prominence on the 

supine and prone images. They will  demonstrate 
uniform fat attenuation with Houns fi eld units of 
−75 to −125 on the 3-D and 2-D images (Fig.  8.46a–
c ). Density interrogation can usually differentiate 
a lipoma from a sessile polyp.  

  Fig. 8.25    Spray artifact from hip replacements can 
severely degrade the 3-D endoluminal views of the rectum 
as well as the adjacent pelvic structures on the 2-D source 

images, as seen in images ( a )–( c ). Spray artifact, like 
image noise, is less pronounced on the 2-D source images 
when viewed with wider windows       

  Fig. 8.26    Data dropout which is manifested as a black 
area devoid of mucosal detail is demonstrated on images 
( a )–( f ). It usually involves the colon  fl exures or the rec-

tum. It is the result of portions of the colon not being 
included in the 2-D data set       
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  Fig. 8.27    Extrinsic compression of the splenic  fl exure by an adjacent rib end produces a pseudo  fl at polyp on the 3-D 
endoluminal view, as seen in images ( a ) and ( b )       

  Fig. 8.28    Images ( a ) and ( b ) demonstrate extrinsic compression on the posterior wall of the rectum by the sacral 
promontory, which produces a pseudo  fl at polyp on the 3-D endoluminal view       

  Fig. 8.29    The aorta and iliac arteries can produce extrin-
sic compression on adjacent segments of colon in the 
abdomen and pelvis, which in turn can mimic pathology 
on the 3-D endoluminal views. Images ( a )–( c ) show 

extrinsic compression on the lateral wall of the cecum by 
the right external iliac artery, which produces a pseudo  fl at 
polyp on the 3-D endoluminal view       
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  Fig. 8.30    Exophytic uterine  fi broids can compress the 
adjacent colon and produce pseudo lesions on the 3-D 
endoluminal views. Images ( a )–( c ) demonstrate a serosal 

uterine  fi broid producing a pseudo sessile polyp at the 
base of a fold in the sigmoid colon       

  Fig. 8.31    Fluid- or gas- fi lled segments of small bowel 
can produce extrinsic compression on adjacent segments 
of colon. Images ( a )–( c ) demonstrate a pseudo sessile 

polyp in the sigmoid colon secondary to extrinsic com-
pression by an adjacent gas- fi lled segment of the small 
bowel       

  Fig. 8.32    Images ( a )–( c ) demonstrate a pseudo sessile polyp in the hepatic  fl exure secondary to extrinsic compression 
by a calci fi ed gallstone in the gallbladder lumen       
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  Fig. 8.33    Foreign bodies within the abdomen or pelvis 
can produce extrinsic compression on the bowel. Images 
( a ) and ( b ) demonstrate a pseudo  fl at polyp in the hepatic 

 fl exure secondary to surgical clips from a prior 
cholecystectomy       

  Fig. 8.34    Granulation tissue in the postoperative colon 
can produce pseudo polyps or masses on the 3-D endolu-
minal views. Images ( a )–( c ) demonstrate a pseudo sessile 

polyp in the transverse colon secondary to granulation 
 tissues associated with a suture line. The patient was  status 
post right hemicolectomy       

  Fig. 8.35    Images ( a )–( b ) demonstrate a pseudo  fl at polyp secondary to extrinsic compression on the anterior wall 
of the rectum by a vaginal tampon       
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  Fig. 8.36    The rectal tube, required for CO 
2
  insuf fl ation 

of the colon, can sometimes simulate pathology at the 
level of the rectosigmoid junction. Images ( a ) and ( b ) 

demonstrate a pseudo  fl at polyp on the 3-D endoluminal 
views of the rectosigmoid junction due to compression 
from the rectal tube       

  Fig. 8.37    3-D and 2-D images of a pedunculated polyp (images  a  and  b ), a sessile polyp (images  c  and  d ) and a  fl at 
polyp (images  e  and  f ) are submitted for comparison to the pseudo lesions shown above and below       

 Prominent veins, anal papillae, and internal 
hemorrhoids are anatomical variants found in the 
rectum. The isolated rectal vein can usually be 
 differentiated from a polyp or rectal fold by its 

 torturous and bifurcating nature (Fig.  8.47 ). Anal 
papillae are small skin tags that are typically found 
abutting the rectal catheter as it traverses the anus 
(Fig.  8.48 ). Internal hemorrhoids are dilated veins 
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  Fig. 8.38    Dense adherent stool can mimic polyps on the 
3-D endoluminal images. Adherent stool will not change 
positions on the prone and supine images. It can be dif-
ferentiated from a true polyp by the presence of internal 

fat and air. Images ( a )–( c ) demonstrate small pockets of 
fecal fat and air within the adherent stool on density anal-
ysis and on the corresponding 2-D source images       

  Fig. 8.39    Small air bubbles that become trapped under 
collections of contrast can mimic smooth sessile polyps. 
Images ( a )–( c ) demonstrate a small bubble in the descend-

ing colon. These air bubbles can be differentiated from 
true polyps with the help of density analysis and correla-
tion with the 2-D source images       

  Fig. 8.40    Images ( a )–( c ) demonstrate tagged stool 
 fl oating on a pool of contrast which mimics a sessile polyp 
between two folds in the transverse colon. Density analy-

sis and correlation with the corresponding 2-D source 
image reveal the true composition of this pseudo polyp       
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  Fig. 8.41    Ingested material that is not removed during 
the cathartic phase of the bowel prep can present a prob-
lem with CTC interpretation. Images ( a )–( d ) demonstrate 

adherent vegetable seeds which can mimic sessile polyps. 
Ingested material usually changes position with prone and 
supine imaging       

  Fig. 8.42    Images ( a )–( c ) demonstrate a case of pneumatosis cystoides intestinalis which can mimic sessile polyps on 
the 3-D images. Density analysis and 2-D correlation easily identify the submucosal air- fi lled cysts       
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  Fig. 8.43    Retained stool in a diverticulum usually con-
tains a mixture of dense contrast, fecal fat, and microbub-
bles of air. Images ( a )–( c ) demonstrate a stool- fi lled 

sigmoid colon diverticulum. The heterogeneous makeup 
of the stool ball is readily apparent on density analysis and 
the corresponding 2-D source image (image  c )       

  Fig. 8.44    Images ( a )–( d ) demonstrate a subtle  fl at polyp 
on the medial wall of the cecum. The polyp is not easily 
seen on the standard 3-D endoluminal view (images  a  
and  b ). By varying the position of the arti fi cial light 

source, the  fl at lesion becomes more apparent (image  c ). 
This  fl at polyp has a subtle appearance on the 2-D source 
image as well (image  d )       
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  Fig. 8.45    Pedunculated polyps on long stalks can show 
signi fi cant mobility and therefore mimic stool. Images 
( a )–( c ) demonstrate a pedunculated polyp in the sigmoid 

colon with a signi fi cant change in position on the prone 
and supine images       

  Fig. 8.46    Lipomas are uniform in their fat attenuation 
with Houns fi eld units of −75 to −125. This is easily seen 
with density interrogation on either the 3-D endoluminal 

or 2-D source views. Images ( a )–( c ) demonstrate a sessile 
lipoma on a fold in the transverse colon       

found around the anus. They can be displayed as 
linear or polypoid mucosal defects radiating from 
the anus (Fig.  8.49a, b ). Any of these entities, if 
prominent enough, can mimic a rectal polyp.    

 The appendix is readily apparent on most CTC 
studies. In fact, with the present day use of 
mechanical CO 

2
  insuf fl ation and stool/ fl uid tag-

ging, the appendix is usually well distended with 
gas or contrast. A “mass” involving the appen-
diceal ori fi ce can represent a multitude of condi-
tions. If the patient has had a prior appendectomy, 
it may represent an inverted appendiceal stump. 
Correlation with the patient’s surgical history is 
required when considering this entity (Fig.  8.50a–
c ). A prolapsing base of the appendix can also 
produce a mass or pseudopolypoid defect of the 
appendiceal ori fi ce. This defect is usually self-

reducible on the contralateral images 
(Fig.  8.51a–d ). If there is a persistent mass or 
defect involving the appendiceal ori fi ce, then 
such entities such as carcinoid, mucocele, adeno-
carcinoma, and lymphoma must also be consid-
ered (Fig.  8.52a, b ). Endoluminal visualization of 
the cecum and appendiceal ori fi ce incompletely 
evaluates the entire appendix, and analysis of the 
2-D source images is required for complete 
assessment of the appendix.    

 The ileocecal valve is also readily apparent on 
most CTC studies. It has a variable appearance 
between individual patients and also between 
positioning in the same patient. Ileocecal valve 
morphology can range from a sessile,  fi sh-mouth 
appearance to a more bulbous, polypoid 
 appearance. The valve usually takes on a more 
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  Fig. 8.47    Prominent rectal veins are usually torturous 
and bifurcating in nature. The image demonstrates an iso-
lated rectal vein with that con fi guration       

  Fig. 8.48    Anal papillae are usually seen as small poly-
poid soft tissue nodules abutting the rectal catheter as it 
traverses the anus. The image demonstrates a small anal 
papilla in its characteristic location       

  Fig. 8.49    Internal hemorrhoids can be seen as linear or polypoid mucosal masses radiating from the anus. Images ( a ) 
and ( b ) demonstrate both con fi gurations       

bulbous contour when the patient is imaged in 
the prone position. This is felt to be secondary to 
increased intraluminal small bowel pressure 
associated with prone positioning (Fig.  8.53a–c ). 
The ileocecal valve usually demonstrates fat 
attenuation on the 3-D and 2-D images as well as 
on color windows and region of interest (ROI) 
interrogation (Fig.  8.54a–c ). Polypoid projec-

tions off of the ileocecal valve are a common 
 fi nding on CTC. These can represent benign enti-
ties such as a drop of barium (Fig.  8.55a–c ) or a 
lipoma (Fig.  8.56a–c ). Any polypoid projection 
off the ileocecal valve that demonstrates soft tis-
sue  density, however, must be considered a polyp 
until proven otherwise (Fig.  8.57a–d ). One must 
also be careful not to assume any polypoid 
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  Fig. 8.50    Images ( a )–( c ) demonstrate an inverted appendiceal stump in a patient who has had an appendectomy       

  Fig. 8.51    A prolapsing base of the appendix can produce 
a transient soft tissue mass involving the appendiceal 
ori fi ce. Images ( a )–( d ) demonstrate the reducible nature 

of the prolapsing base of the appendix on both the 3-D 
endoluminal and 2-D source images       
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  Fig. 8.52    Image ( a ) demonstrates a persistent sessile 
mass in the appendiceal ori fi ce on the 3-D endoluminal 
images. The corresponding 2-D source image (image  b ) 

identi fi es the defect as the base of a distended, mucous-
 fi lled appendix with mural calci fi cations, consistent with a 
mucocele       

  Fig. 8.53    Images ( a )–( c ) demonstrate the various con fi gurations a normal ileocecal valve can assume on CTC 
imaging       

  Fig. 8.54    Images ( a )–( c ) demonstrate the characteristic fat attenuation of the ileocecal valve on the 3-D and 2-D 
images       
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  Fig. 8.55    Barium droplets can adhere to the ileocecal 
valve simulating small polyps on the 3-D endoluminal 
views. These droplets are easily identi fi ed by their 

increased density. Images ( a )–( c ) demonstrate 3-D, color 
window and 2-D views of a drop of barium on the ileoce-
cal valve       

  Fig. 8.56    Lipomas of the ileocecal valve are polypoid projections that demonstrate uniform fat attenuation. Images 
( a )–( c ) demonstrate 3-D, color window and 2-D views of a lipoma on the ileocecal valve       

structure in the cecum is simply the ileocecal 
valve. A cecal mass can be mistaken for the ileo-
cecal valve (Fig.  8.58a–c ). Complete assessment 
of the ileocecal valve must include evaluation of 
the valve’s morphology, attenuation, and position 
in the cecum on the 3-D and 2-D images.        

   Conclusion 

 There are multiple potential pitfalls and  artifacts 
associated with CTC imaging. The reader must 
be cognizant of these to adequately analyze the 

study and provide an accurate interpretation. 
This chapter has provided examples of the most 
common CTC pitfalls and artifacts, along with 
techniques for correctly identifying and charac-
terizing these  fi ndings. With proper attention to 
technique in patient preparation, bowel disten-
sion, and image acquisition  diagnostic quality, 
high-quality CTC studies can be obtained. 
Through careful analysis of the 3-D images 
with 2-D correlation, color  windows, and ROI 
interrogation, the majority of these pitfalls and 
artifacts can be recognized and adequately 
managed.      
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  Fig. 8.57    Polyps can also project off the ileocecal valve. 
Images ( a )–( c ) demonstrate 3-D, color window and 2-D 
views of a large, sessile polyp projecting off the inferior 

aspect of the ileocecal valve. Image ( d ) shows the endo-
scopic correlation of this polyp       

  Fig. 8.58    Images ( a )–( c ) demonstrate a large mass on a fold deep within the cecum. This mass should not be mistaken 
for the ileocecal valve, which is seen more proximal in the cecum       
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 In Chap.   5     the routine preparation and methods 
of colon cleansing were discussed. A common 
refrain we hear is “the worst thing about colorec-
tal cancer (CRC) screening is the preparation.” 
While reduced cathartic and even so-called “prep-
less” CTC without any cathartic have been done 
successfully in published reports, these processes 
have not yet reached the mainstream for clinical 
application. A well-known phrase among abdom-
inal radiologists who perform barium enemas 
was “heaven is a clean colon.” The same still 
holds true for CTC, yet the possibility of routine 
“prepless” CTC is within the realm of feasibility 
 [  1  ] . Below we will discuss these options. 

 Issues of training and interpretation of CTC 
images were also covered in Chap.   5    ; however, 
many novel viewing methods have been devel-
oped by researchers and commercial vendors. We 
refer to these generically as “novel” or “alter-
nated display” methods. Some have the potential 
to make CTC faster or more intuitive to interpret. 
A variety of names are used, some of which may 
be vendor speci fi c, but often by common jargon 
in  fi eld they have taken on a more generic mean-
ing. We will discuss and show examples of sev-
eral of these methods. 

 Thirdly, computer-aided detection (CAD) to 
improve the sensitivity and con fi dence of inter-

pretation of CTC has been studied for years, but 
now, FDA-approved software has reached the 
marketplace. We will review and explain the cur-
rent status of CAD for CTC as well as research 
combining CAD with prepless CTC. 

   “Prepless” CTC 

 Cathartic preparation has been shown to be one of 
the most unpleasant portions of whole colon CRC 
screening, and the poor compliance with complex 
bowel preparation or dietary restrictions contrib-
utes to reduce the patient acceptance for CRC 
screening  [  1,   2  ] . The introduction of fecal/ fl uid 
tagging gave the advantage to CTC over optical 
colonoscopy (OC) to reduce or eliminate cathartic 
preparation and increase patient acceptance. Oral 
barium or ionized iodinated contrast materials 
(sodium amidotrizoate and meglumine amidotri-
zoate; Gastrogra fi n) or the combination of both 
made it possible to distinguish lesions from fecal 
residues  [  3  ] . However because of potential risk for 
fatal complications of iodine idiosyncrasy, there 
have been some concerns around their use for fecal 
tagging  [  4  ] . Conversely, barium has been shown to 
be safe with minimal side effects, relatively palat-
able, and effective for tagging solid residue  [  5  ] . 
Another advantage of reduced or noncathartic 
bowel preparation is avoiding potential complica-
tions reported with full-dose cathartic preparations 
including renal failure, preexisting electrolyte 
abnormalities, congestive heart  failure, ascites, or 
ileus, which can occur in addition to the  discomfort 
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and inconvenience that patients  experience as a 
result of cathartic preparation  [  6  ] . 

 There are number of disadvantages to nonca-
thartic CTC. The laxative-free preparation cannot 
be considered to be totally “prepless,” since in 
most noncathartic preparations, patients are pre-
scribed a fairly rigorous regimen consisting of 
dietary restriction and various oral contrast 
agents. Some contrasts, such as diatrizoate, have 
a cathartic-like effect. Also, lack of cathartic 
preparation precludes same-day therapeutic OC. 
Moreover, the potential negative impact on accu-
racy can result in missing lesions or overuse of 
OC  [  7  ] . Investigations have mostly focused on 
the feasibility of different reduced or noncathar-
tic bowel preparation schemes with regard to 
patient compliance and diagnostic performance 
of CTC. 

   Patient Compliance 

 Patient acceptability is a key factor for any screen-
ing test. In recent years there has been a moderate 
increase in CRC screening adherence rates, 
reaching 63% in 2008 versus 52% in 2002  [  8  ] . In 
a study of barriers against CRC screening tests 
and patient preferences in a nonadherent urban 
population, 65% of patients who were not adher-
ent to CRC screening recommendations had 
breast and prostate cancer screening in the past, 
suggesting that signi fi cant barriers, such bowel 
cleansing preparation, may be speci fi c to CRC 
screening  [  9  ] . Regarding the current conventional 
CTC bowel preparation, Yoon et al.  [  4  ]  compared 
different combinations of laxatives (sodium phos-
phate and magnesium citrate) and barium-based 
fecal-tagging agents (Tagitol V and EZ-CAT) on 
69 patients who were undergoing CTC. The worst 
compliance was seen with the combination of 
sodium phosphate and EZ-CAT. They suggested 
the combination of magnesium citrate, and a 
small amount (60 ml) of high concentration (40% 
wt/vol) of a barium-tagging agent was associated 
with better compliance and preserved diagnostic 
accuracy. 

 The spectrum of studies on patient compliance 
ranges from limited use of laxatives to laxative-

free CTC exams. Neri et al.  [  3  ]  used a mild 
 laxative, PEG macrogol 3350, which is usually 
used to treat chronic constipation, together with 
iodixanol for  fl uid tagging in a study performed 
on 130 asymptomatic patients. They did not 
observe any cathartic effect or laxative-related 
side effects, and there were no altered lifestyle 
and habits. Besides optimal  fl uid tagging, an 
excellent level of acceptance was achieved (aver-
age of 9 on a 10-point scale questionnaire). In 
another study, a minimal dose of bisacodyl 
(20 mg) accompanied by a 2-day low- fi ber diet 
and diatrizoate meglumine and barium for fecal 
tagging provided good image quality and high 
patient acceptance during CTC exams of 40 
increased-risk patients. Increasing the amount of 
laxative did not lead to higher attenuation of tag-
ging, more homogeneous tagging, or signi fi cant 
improvement in subjective image quality and was 
associated with a lower patient acceptance. 
However, regardless of the amount of laxative for 
CRC screening, the majority of patients preferred 
the bowel preparation for CTC over cleansing 
laxative bowel preparation (PEG) for colonos-
copy  [  10  ] . 

 Taking it one step further, Bucccardi et al. 
omitted any frank laxative drug in 132 average-
risk patients prepared for CTC with a laxative-
free fecal-tagging (LFT) regimen using a 
water-soluble iodinated contrast agent 
(Gastrogra fi n) and compared the results with 132 
average-risk control patients prepared with tradi-
tional cathartic cleansing(TC) with respect to 
patient tolerance. Severe abdominal pain was 
seen in 107/132 of the TC group, while only 
25/132 of the LFT group had the same experi-
ence. Although Gastrogra fi n is not a frank laxa-
tive, it has a mild-strong osmotic laxative effect 
due to an increased colonic osmotic load. Most 
papers on fecal-tagging techniques reported very 
few cases of severe abdominal pain  [  11  ] . 
In another comparison study, patient acceptance 
and future preference was signi fi cantly higher for 
CTC with dry preparation (combination of dietary 
restriction and small amount of contrast agent) 
versus conventional OC  [  12  ] . In a study per-
formed by Florie et al.  [  13  ]  in 61 patients at 
increased risk of CRC, 81% of patients preferred 
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CTC without cathartic cleansing compared with 
13% who preferred OC and 7% who were indif-
ferent. Their preparation regimen consisted of a 
low- fi ber diet starting 2 days prior the exam, 
lactulose for stool softening, taken for three 
mornings prior to the test, and amidotrizoic acid 
for fecal tagging. Patients rated the limited bowel 
preparation (prior to CTC) less burdensome than 
the bowel preparation prior to OC.  

   Diagnostic Performance 

 In addition to patient acceptability, diagnostic 
performance is also a key factor which should be 
taken into account during simpli fi cation of CTC 
preparation. Several feasibility studies have eval-
uated the image quality and diagnostic perfor-
mance of CTC with noncathartic bowel 
preparation. In a recent study, 80 asymptomatic 
patients aged 48–72 years old were divided into 
two groups of 40 patients. The  fi rst group under-
went CTC with conventional bowel preparation, 
full cathartic dose, and oral contrast during the 3 
days preceding the CTC. The second group had 
CTC with no cathartic preparation and only resi-
due tagging administered on the test day. There 
were no signi fi cant differences with regard to 
examination quality and overall CTC accuracy. 
They found 94.1% true positives in the group 
with the conventional bowel preparation and very 
close to that number (92.3%) for the group that 
underwent noncathartic bowel preparation  [  14  ] . 
Conversely, Dachman et al.  [  15  ]  did not  fi nd 
favorable results when comparing two groups of 
patients (14 in each group) who underwent CTC 
with (prepped) and without (prepless) cathartic 
preparation. Both groups received 40% barium 
for residue tagging. They compared multiple fac-
tors between the two groups, including percent-
age of residual stool that was touching or 
near-touching mucosa, the largest piece of 
retained stool, effectiveness of tagging, height of 
residual  fl uid, degree of distention, ease of inter-
pretation, and reading time. There were no 
signi fi cant differences in degree of distention, 
percentage of tagged stool, or reading time. 
However, signi fi cant differences were seen in the 

amount of stool-covering mucosa, the ease of 
interpretation, the mean size of largest piece 
of stool, and the height of residual  fl uid. Three 
polyps  ³ 5 mm in size were found during OC in 
three patients in the prepless group, none of 
which were prospectively detected at CTC. They 
concluded that noncathartic bowel preparation 
leaves signi fi cant residual stool, which is not 
desirable even if it is well tagged. 

 Sensitivity of any screening test is very impor-
tant for high prevalent conditions in order to 
reduce false-negative results. Although OC has 
the highest sensitivity for polyp and cancer detec-
tion, the sensitivity in elderly patients (at increased 
risk of CRC) can be reduced due to incomplete 
examinations or decreased compliance to bowel 
preparation, mainly because of limiting comor-
bidities  [  16–  18  ] . Jensch et al. designed a study to 
evaluate the sensitivity and speci fi city of prepless 
CTC performed on 168 elderly patients (mean 
age 65 years)  [  19  ] . One hundred fourteen patients 
had histologically proven polyps (56 pol-
yps  ³  6 mm and 17 polyps  ³  10 mm). The prepa-
ration regimen consisted of 80 ml of barium 
sulfate and 180 ml of diatrizoate meglumine. 
Bisacodyl was added for stool softening. They 
reported 76% of sensitivity for patients with 
lesions  ³  6 mm and 82% for lesions  ³  10 mm. The 
speci fi city was 79% and 97%, respectively. Per-
polyp sensitivity was 70% and 82% for 
lesions  ³  6 mm and  ³ 10 mm, respectively. Another 
study involving 56 patients with known or sus-
pected colorectal polyps or cancer revealed that 
the sensitivity for polyp detection in prepless 
patients who had well-labeled stool approached 
the published sensitivity for cathartic prepared 
colon  [  20  ] . In this study, preparation consisted of 
oral administration of dilute barium sulfate 
(225 ml, 1.2% barium sulfate wt/vol) for seven 
doses during 48 h prior to CTC. 

 In a larger study, Iannaccone et al. evaluated 
diagnostic performance of prepless CTC in 203 
patients who had a variety of indications for OC 
 [  21  ] . All patients underwent low-dose multidetec-
tor CTC 3–7 days (average 4.2 days) prior to OC. 
No cathartic was used for CTC bowel prepara-
tion. Diatrizoate meglumine and diatrizoate 
sodium was added to regular meals for fecal 



172 F. Dahi and A.H. Dachman

 tagging. The average per-polyp sensitivity for 
CTC was 95.5% for polyps  ³  8 mm while per-
patient sensitivity and speci fi city were 89.9% and 
92.2%, respectively. Also the positive predictive 
value (PPV) and negative predictive value (NPV) 
of CTC were 88% and 93.5%, respectively. To 
make CTC more comfortable and increase in 
patient compliance, Liedenbaum et al. decided to 
go one step further and not only eliminated cathar-
tic bowel preparation but also omitted the low-
 fi ber diet which is usually prescribed prior to CTC 
under the assumption that such a diet reduces the 
bowel content and provides a much homogeneous 
tagged feces  [  22  ] . In this study, 50 patients with 
positive fecal occult blood test underwent prep-
less CTC with iodine fecal tagging: 25 patients 
used a low- fi ber diet and 25 had no special diet. 
Findings during OC, performed 2 weeks after 
CTC, were used as reference for estimation of 
per-polyp sensitivity for polyps 6 mm in diameter 
and larger. The results showed that use of a low-
 fi ber diet in bowel preparation for CTC resulted in 
less untagged feces and better residue homogene-
ity. Since there was no signi fi cant difference in 
patient acceptance between restricted and unre-
stricted diet, they concluded that low- fi ber diet 
should be used to obtain good image quality in 
prepless CTC.  

   Electronic Cleansing 

 In a prepless (noncathartic prepared) colon, 
incompletely tagged solid or semisolid stool is 
distributed on the colonic wall. The distributed 
tagged residues with various shapes and sizes 
may obscure lesions that are submerged in or 
adjacent to the tagged materials or can imitate 
small lesions and make it dif fi cult to accurately 
interpret images. Electronic cleansing, as an 
emerging technique, virtually cleans the colon 
after image acquisition, by subtracting tagged 
solid and semisolid fecal materials as well as 
tagged  fl uids from CTC images. This is a promis-
ing technique that may provide a better approach 
for prepless CTC  [  6  ] . 

 There are some technical barriers for elec-
tronic cleansing schemes in that they tend to 

generate artifacts on cleansed CTC images. One 
of the major artifacts, called “degradation of 
soft-tissue structures,” is produced by arti fi cial 
increments of tissue attenuation, which results 
primarily from beam-hardening effect caused 
by adjacent high-attenuation tagged materials. 
This leads electronic cleansing to confuse soft-
tissue structures (folds or polyps) with tagged 
materials and mistakenly remove them  [  6  ] . 
Another artifact, called “pseudo-soft-tissue 
structure,” is caused by partial volume effect at 
the boundary between the luminal air and the 
tagged regions (air-tagging boundary), which 
results in overlap of CT attenuation of voxels at 
the boundary with soft-tissue structures  [  23  ] . 
Since current electronic cleansing methods rec-
ognize tagged  fl uid as large,  fl at, and horizontal 
surfaces, they remove only the horizontal por-
tions of the air-tagging boundary and leave the 
bumpy portions, which may mimic colonic soft-
tissue structures. Moreover, electronic cleansing 
methods consider homogenous high CT attenu-
ations as tagged materials. However, fecal mate-
rials are heterogeneous and composed of a 
mixture of undigested food, fat, and air bubbles 
which results in a combination of high and low 
attenuations. Therefore, electronic cleansing 
methods may remove only materials with high 
CT attenuation and leave a low-attenuation 
tagged material, which is referred to “incom-
plete cleansing”  [  6  ] . 

 To overcome these technical barriers, several 
image-processing functions have been developed, 
such as a “structure-analysis cleansing” scheme 
that uses local morphologic information rather 
than CT attenuation values, allowing differentia-
tion of submerged colonic soft-tissue structures 
(polyp-like and fold-like structures) from fecal 
tagged materials and subtract the latter from CTC 
images (Fig.  9.1 ). Application of structure-analy-
sis cleansing in 237 cases undergoing prepless 
CTC showed promising results  [  6  ] . Structure-
analysis cleansing along with other cutting-edge 
image-processing techniques can provide diag-
nostic-quality cleansed CTC images and make 
prepless CTC a patient-friendly and highly sensi-
tive tool for detection of colorectal polyps and 
cancer.    
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   Alternative Displays 

 The data acquired from CT scans can be pro-
cessed by different commercially available pro-
grams that can display the images for analysis by 
the radiologist in two-dimensional (2D) and 
three-dimensional (3D) formats. The 2D display 
consists of either axial images or multiplanar 
reformatted images (MPR). All readers and cur-
rent consensus guidelines favor a combined 

2D/3D approach for CTC reading  [  24,   25  ] . 
Advantages of the 2D view include better visual-
ization of wall thickness and possibility of extra-
colonic evaluation (if necessary) and allow a 
more speci fi c distinction of homogeneous soft-
tissue density polyps from more heterogeneous 
residual stool. It is also easier to recognize other 
polypoid appearing  fi ndings such as inverted 
diverticula, stool-impacted diverticula, prolapsed 
appendix, and ingested materials or pills on 2D 
view. However, greater interobserver variability 

  Fig. 9.1    Recovery of submerged polyps and folds.  Green 
lines  indicate the center line of the colonic lumen, which 
is used for the  fl y-through for virtual colonoscopy. ( a ) 
Three-dimensional endoscopic CT colonographic image 
and axial CT colonographic image ( insert ) show an 8.2-
mm cecal polyp submerged in tagged fecal material 
( arrow ). ( b ) On a 3D endoscopic CT colonographic image 
and axial CT colonographic image obtained after the 
application of structure-analysis cleansing, the polyp is 
clearly visible ( arrow  on ( b1 )). Figure ( b2 ) shows a 

magni fi ed 3D endoscopic view of the polyp. ( c ) Three-
dimensional endoscopic CT colonographic image shows 
folds that are partially submerged in semisolid tagged 
stool. ( d ) On a 3D endoscopic CT colonographic image 
obtained after the application of structure-analysis cleans-
ing, the submerged portions of the folds have been well 
recovered and are connected to the nonsubmerged por-
tions without interruption (courtesy of Wenli Cai, PhD, 
and Hiro Yoshida, PhD, Massachusetts General Hospital 
and Harvard Medical School, Boston, MA)       
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has been seen in 2D approaches, and the relative 
constant attention and focus needed for a satis-
factory 2D read may result in increased reader 
fatigue and eye strain  [  25  ] . 

 The most common 3D display being used is 
the endoluminal  fl y-through technique in which the 
reader can navigate antegrade and retrograde 
through a volume-rendered endoscopic view of 
the colon, with the help of a self-created, semiau-
tomated, or automated path provided by software 
 [  24,   26  ] . The advantages of the 3D endoluminal 
view include less reader fatigue and eyestrain as 
well as the fact that polyps are more easily distin-
guished from adjacent haustral folds when viewed 
as a 3D rendering, since in a 2D view polyps and 
a haustral folds may appear identical on a static 
axial image. However, the 3D view has limitation 
in visualization of polyps obscured behind folds 
or situated deeply within a sacculated haustra 
between high folds  [  25  ] . There is a shorter learn-
ing curve for endoluminal review; however, 2D 
correlation is required for characterization of all 
polypoid  fi lling defects, prolonging interpreta-
tion time. Moreover, to increase the percentage of 
visualized mucosal surface, the reader should 
evaluate colon with four  fl y-through examina-
tions, including antegrade and retrograde  fl y-
throughs of supine and prone data sets, which 
some feel makes the endoluminal review method 
less time ef fi cient than 2D review  [  24,   27  ] . 

 In order to reduce the reading time, and to 
overcome other limitations of the endoluminal 
view, new visualization techniques have been 
developed. As early as the late 1990s, Beaulieu 
et al. proposed “panoramic viewing,” the acquisi-
tion of a sequence of unfolded 60° views perpen-
dicular to the central path. The technique resulted 
in higher sensitivity than 2D and 3D cine loops; 
however, it may not provide full visibility, since 
forward and backward viewing directions are not 
included  [  28  ] . In this chapter we discuss more 
prevalent novel visualization methods including 
(1) virtual dissection, (2) perspective- fi let view, 
(3) panoramic endoluminal (band view) method, 
and (4) unfolded cube method. 

 Although “ fl attening” or “cutting the colon 
open” enables viewing of a part or the entire 
colon, it results in some distortion (“morphing”) 

of the colonic structures. Some methods cut the 
colon open in half without laying it  fl at to avoid 
the distortion (“split view”) (Fig.  9.2 )  [  29  ] . Lee 
et al. compared image distortion among different 
novel visualization methods (virtual dissection, 
split view, band view, and  fi let view) and conven-
tional endoluminal view for 10- and 20-mm syn-
thetic polyps  [  27  ] . Split view and band view 
represented the least image distortion index (1.02 
and 1.03 for 10-mm polyps and 1.02 and 1.01 for 
20-mm polyps, respectively). The distortion 
index was not signi fi cantly different with these 
views compared to the conventional endoluminal 
view (1.03 and 1.02 for 10-mm and 20-mm pol-
yps, respectively). However, virtual colon dissec-
tion and  fi let view revealed higher mean image 
distortion index (3.27 and 1.65 for 10-mm polyps 
and 3.85 and 1.55 for 20-mm polyps, 
respectively).  

   Virtual Dissection 

 Virtual dissection, referred also as  fi let view or 
virtual pathology display, is a 3D visualization 
method in which the colon is virtually unraveled, 
dissected open, and  fl attened. The 360° view of 
the inner colonic surface is displayed as a series 
of segmented strips on a single monitor, which 
the strips’ lengths can be adjusted to meet the 
reader preference. Also, there is overlap at the 
edges of dissected plane which allows lesions 
located at the cut surface of colon to be extended 
into overlapped area (Fig.  9.3 )  [  25,   30  ] . 
Comparing with conventional 3D endoluminal 
view, virtual dissection has the advantage of dis-
playing the entire mucosal surface, in contrast 
there are blind spots in conventional endoluminal 
view. Moreover, only a single review is performed 
with visual dissection method, rather than bidi-
rectional reading approach with traditional  fl y-
through display  [  31  ] . Therefore, this method has 
potentials to provide less evaluation time and 
reader fatigue than conventional endoluminal 
view. However, the process of straightening and 
 fl attening may cause distortions of normal turns 
and haustral folds, and lesions may be displayed 
more than once in some areas or appear elongated 
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or stretched out  [  25  ] . Because of possible distor-
tions, it is essential for readers to get familiar 
with the spectrum of appearances related to this 
display technique. In a study by Johnson et al. 

 [  32  ] , polyp distortion was shown to be related to 
the underlying morphologic features. Sessile and 
 fl at masses appeared as  fl ame- or pea-shaped 
lesions and pedunculated masses generally 

  Fig. 9.2    Split view. ( a ) Diagram of the colon split into 
two cups without  fl attening the colon. ( b ) View of one-
half of the split colon. This technique avoids the morphing 

and distortion associated with  fl attening (courtesy of 
Philips Medical Systems, Inc, Bothell, WA; with 
permission)       

  Fig. 9.3    ( a ) Virtual dissection view. The complete colon 
(divided into three stripes) is displayed in the monitor for 
inspection and interpretation. ( b ) Overlapping tissue at 
the plane of dissection in a  fl attened view. Notice that a 
small sessile polyp ( arrows ) is displayed on both sides of 

the plane of dissection, thus ensuring that a potential 
lesion will not be overlooked because of the dissection. ( c ) 
The same polyp is well demonstrated on the 3D endolu-
minal image       
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appeared as  fl ame- or club-shaped lesions. There 
were few bizarrely shaped lesions which repre-
sented a pedunculated polyp. Generally, it is pos-
sible to differentiate areas of distortion from true 
lesions by performing a real-time comparison of 
virtual dissection images with the corresponding 
2D axial and 3D endoluminal images  [  31  ] .  

 Several studies have evaluated the perfor-
mance of virtual dissection display technique 
 [  32–  34  ] . There is a report of 98.7% sensitivity 
and 79.1% speci fi city for virtual dissection dis-
play in detection of polyps > 6 mm, in a large 
study on over 4,300 subjects  [  25  ] . However, 
Juchems et al.  [  26  ]  found less detection rate in 
their study on 21 patients who had either colon 
polyps or cancer. Overall per-lesion sensitivity 
using  fi let view for lesions < 5 mm, between 5 
and 10 mm, and >10 mm was 47.1%, 56.3%, and 
75%, respectively. This was compared with con-
ventional endoluminal and MPR views with an 
overall per-lesion sensitivity of 35.3%, 81.5%, 
and 100% for lesions  £  5 mm, 5–10 mm, and 
>10 mm, respectively. The average total time 
needed for evaluation was 10 min (5–13 min) 
using  fi let view, versus 38 min (23–55 min) using 
conventional endoluminal and MPR views. 
Rottgen et el.  [  34  ]  reported a high sensitivity and 
speci fi city for polyp detection as of 94 and 80% 
with virtual dissection versus 89 and 80% with 
using conventional endoluminal view. However, 
by size strati fi ed comparison, they found no 
signi fi cant difference in sensitivity between these 
two display techniques for polyps  ³  5 mm, but 
the difference was signi fi cant for smaller lesions 
(<5 mm).  

   Perspective-Filet View 

 The method is similar to virtual dissection, except 
that the  fi let view provides a dynamic display 
compared with static display in virtual dissection. 
It creates a movie loop of unrolled colon lumen 
(along its center axis), and each section is dis-
played for a short period of time in the center of 
the screen. Since there is no considerable distor-
tion in the exact center of screen, reader can con-
centrate on one short segment while still using 2D 

and/or traditional endoluminal view. By  tilting the 
projection rays from the eye point as a function of 
distance from the centerline, it adds a perspective 
view which provides a better visualization, and 
the reader can move through the colon and see 
inside traditional blind spots behind the folds 
(Fig.  9.4 )  [  25,   35  ] . The resulted strips ( fi let) can 
be rapidly viewed, and there is a signi fi cant reduc-
tion in reading time. Carrascosa et al.  [  36  ]  com-
pared the detection rate and reading time of 
conventional CTC views (axial images and 
endoluminal views) with perspective- fi let view in 
CTC exams performed on 23 patients with 35 
colonic lesions (15  £  5 mm, 18 between 5 and 
9 mm, and 2  ³  9 mm). They found the sensitivity 
and speci fi city of 86.67% and 99.12% for conven-
tional visualization versus 82.86% and 98.25%, 
respectively, for perspective- fi let view. Also, there 
was a signi fi cant reduction in reading time using 
 fi let view, 8 ± 2 min compared with 15 ± 3 min in 
conventional visualization.  

 The main advantages of perspective- fi let view 
is that there is no need for ante- and retrograde 
review, since almost complete surface is visible 
in single direction way. Moreover, it provides full 
circumferential 360° view with additional over-
lap of 10° at the edges  [  36  ] . However distortion at 
 fl exure points is still an issue. Polyps may be 
grossly distorted, or folds may be appear poly-
poid  [  30  ] .  

   Panoramic Endoluminal (Band View) 
Method 

 Panoramic endoluminal (band) view is similar to 
the one described by Beauleau et al.  [  37  ] . Both 
techniques display inner surface of colon in a 
panoramic way by using perspective rays pro-
jected from the central colonic path to the lateral 
colonic wall. The difference is that in method 
proposed by Beauleau et al., six 60°  fi eld of view 
(FOV) conventional endoluminal images were 
placed side by side, taken along the colonic cir-
cumference in 60° increments. Therefore there is 
unnatural wrinkled transition at the border 
between two adjacent 60° FOV endoluminal 
images. However, in a band-view technique 
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 proposed by Lee et al.  [  27  ] , it uses a continuous 
array of radial perspective rays all the way around 
the entire colonic circumference, which results in 
a 380° by 120° band-like panoramic endoluminal 
view, and the entire colon can be sequentially 
viewed with reduced image distortions with uni-
directional navigation. It allows visualization of 
both sides of haustral fold and the intervening 
mucosa located between two adjacent folds 
(Fig.  9.5 )  [  25  ] .  

 In terms of comparison, band view showed the 
least image distortion compared with  fi let and 
virtual colon dissection views, when they were 
applied in image processing of a CTC performed 
on 51-year-old man who had no lesion detected 
in OC. Ten- and 20-mm electronically generated, 
completely symmetric, spherical synthetic pol-
yps were added to the supine scan data of the 
patient. Mean image distortion values were cal-
culated, in which 1 indicated no distortion and 
the larger number had greater distortion. Band-
view method signi fi cantly demonstrated the best 
image quality with the values 1.03 and 1.01 for 
10-mm and 20-mm polyps, respectively, while 
the values of the  fi let view and virtual colon dis-

section for 10-mm polyps were 1.65 and 3.27, 
respectively, and for 20-mm polyps were 1.55 
and 3.85, respectively. At the same study, detec-
tion rate and interpretation time were compared 
between band view and conventional endolumi-
nal view through study of 52 patients who under-
went CTC and OC on the same day. There were 
no signi fi cant difference in sensitivity and 
speci fi city for detecting adenomatous pol-
yps  ³  6 mm, but the interpretation time was 
signi fi cantly shorter with band view compared 
with conventional endoluminal view  [  27  ] .  

   Unfolded Cube Method 

 The unfolded cube projection provides the complete 
FOV around a point within the lumen by showing 
the six images (forward and backward views, supe-
rior, inferior, and lateral walls) surrounding the 
point of view in the center of colon. The projections 
of the six imaginary cube faces, which represent the 
complete FOV, are unfolded on a single plane 
(Fig.  9.6 ). The reader can simultaneously view both 
forward and reverse  projections, as well as entire 

  Fig. 9.4    Principles of perspective- fi let view. The 
perspective- fi let view presents the colon lumen unrolled 
along its center axis, with all resampling performed using 
projection rays perpendicular to the centerline. This 
method uses a Mercator projection providing a complete 
360° view with an additional overlap of 10° at the bottom 

and the top. The generated image panel is displayed as an 
enlarged,  fl attened view of the inner colonic surface 
(Carrascosa P, et al. Multidetector CT colonoscopy: evalu-
ation of the perspective- fi let view virtual colon dissection 
technique for the detection of elevated lesions. Abdom 
Imaging. 2007;32(5):582–8)       
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surrounding colonic walls in a single pass. If any 
suspected spot is detected, the cine review can be 
paused, and further inspection and characterization 
can be done through 2D- and 3D-reformatted 
images  [  25,   30  ] . Vos et al.  [  28  ]  demonstrated a bet-
ter surface visibility by using unfolded cube method, 

93.8% of the colon surface came into view; 
 however, by using conventional endoluminal view, 
95.5% of the colon surface was visible. Similar to 
other alternative displays, interpretation time was 
signi fi cantly shorter with unfolded cube method 
compared to conventional  endoluminal view. 

  Fig. 9.5    Panoramic endoluminal display (“band view”), 
supine views on the top and prone views on the bottom 
( a ). The segment located in the middle of the screen of the 
band view shows little to no distortion. However, the folds 
located proximal and distal to the central segment are 
markedly distorted. The 8-mm pedunculated polyp is well 
seen on both band views ( white arrows ) and both 3D 

endoluminal views ( black arrows ). On the cine display 
( b ), as a fold moves through the screen during the movie 
loop, each side of the fold is well displayed either imme-
diately before or immediately after the fold occupies the 
center of the screen       
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There were no signi fi cant difference in sensitivity 
and speci fi city between two methods for detection 
of medium and large polyps (5 mm or larger).   

   Supine-Prone Image Synchronization 

 Segments of colon (particularly sigmoid, trans-
verse, and cecum) can move and change their 
location inside the abdomen as patient’s posi-
tion changes. This makes it hard for readers to 
interpret lesions located in these segments and 
decide to consider them as two separate pol-
yps, one relocated polyp, or a mobile fecal 
residue. Experimental works are undergoing to 
develop automated methods for matching 
lesions found on two CTC acquisitions in 

supine and prone positions. Preliminary work 
using internal or external topographic features 
of the colon for co-registration of polyps has 
been promising  [  25  ] .  

   Full Automated CTC with Multiple 
Views 

 Gentle Colon  [  38  ]  is designed and recently intro-
duced as a full automated Colon Engine, which 
means it process thousands of CTC exams on a 
server without any mouse click. The aim is to 
create a solution which permits rapid work fl ow in 
a very busy environment, which de fi nes the 
requirements to the software and offers the option 
for a standard documentation. 

  Fig. 9.6    Unfolded cube projection. This display method 
opens (“unfolds”) the segment being evaluated from the 
center of an imaginary cube. The six images of the 
unfolded cube include the forward (F) and backward (B) 

views, as well as the superior (S), inferior (I), and right 
(R) and left (L) lateral walls. Note the small sessile polyp 
( arrow )       
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 The software displays full 3D information of 
the CTC data set (Fig.  9.7 ).The software oper-
ates with full 3D navigation on any Windows 
operating system. The aim of the layout of the 
graphical user interface of  Gentle Colon  was to 
supplement the retrograde  fl ight with a (split) 
view which enables in one undistorted view, 
viewing behind folds (without any manual inter-
action) combined with a 100% colonic mucosa 
coverage with no blind areas. The idea is to 
show the “behind-the-wall area” without any 
unnecessary or redundant information on the 
folds wall. It is not intended to “read” something 
on the folds, such as a blackboard which would 
create too much information. The pro fi le section 
of the folds allows a quick assessment as to 
whether a lesion is present. The automatically 
created split view offers to assess wall thicken-
ing in the given cross section. Further, it offers 
automatic visualization of the adjacent mesen-
teric fat to assess the in fi ltration in question of 
the colon neighborhood. To assess a wall thick-
ening correlated value over the full circumfer-
ence, one can utilize Rendoscopy’s “deep 

colorization” view (Fig.  9.8 ). The deep coloriza-
tion can be switched on/off for the whole colonic 
mucosa surface. It creates a color-mapped image 
of the HU on every perpendicular point on the 
colonic mucosa in a given depth. The HU density 
is displayed in a temperature color-mapped scale. 
The main difference to similar visualization tech-
niques is that the colorization may not be used for 
assessment purposes of the colonic mucosa to 
create a diagnosis but to  fi nd ( fl at and small) 
lesions quicker and more accurate (Fig.  9.9 ). The 
adjacent mesenteric fat helps to differentiate the 
surrounding organs. The deep colorization is not 
just “opening” the visualization of  fl at lesions, 
but it permits excellent depiction of all the sur-
rounding anatomic structures outside the colon. 
Organs which touch each other are shown as 
such. More pathophysiologically relevant is the 
depiction of the vascularity of the colonic mucosa 
(Fig.  9.10 ) in the case of a higher cell turnover 
caused by an in fl ammatory disease or a cancer. 
This may have interesting diagnostic potential.     

 The unrolled view demonstrates the limita-
tions similar to those of a Mercator maps inherent 

  Fig. 9.7    Detected 8-mm polyp shown ( circles ) simultaneously in different views, including multiplanar 2D view, 3D 
endoluminal view, split view, and virtual dissection view       
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  Fig. 9.8    The same 8-mm polyp with Rendoscopy’s color-
mapped deep colorization information ( circles ). 
Temperature scale for HU mapping is applied. Color code 
is as follows: The warmer the color is the more dense 
material underneath to every perpendicular surface point 

should be expected. The colorization can be applied to 
entire colon, not just for a small rectangular area which is 
done mainly for assessing the mucosa and muscularis. 
Colorization of the entire colon is intended particularly 
for lesion detection which reduces over-readings       

  Fig. 9.9    Deep colorization helps to identify  fl at lesions. A  fl at lesion ( red circles ) found as a local wall thickening 
which ousts the mesenteric fat       
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projection problem which manifests while 
 transferring a 3D object into a 2D object.   

   Computer-Aided Detection 

 The concept of computer-aided detection was 
 fi rst introduced by Winsberg et al.  [  39  ]  and 
applied for detection of mammographic abnor-
malities. Since then, there has been extensive 
research to improve CAD algorithms, and huge 
number of CAD-assisted mammography proce-
dures has been performed. In 1998, the US Food 
and Drug Administration (FDA) approved the 
 fi rst CAD system for clinical use in screening 
mammography. Application of CAD extended to 
other  fi elds, such as detection of lung cancer with 
chest X-ray and detection of lung nodules with 
chest CT. Also, there has been an increasing inter-
est in the use of CAD for colorectal polyp detec-
tion  [  40,   41  ] . 

 Most errors in CTC interpretation are related 
to failure to detect a polyp that is visible in retro-
spect  [  42  ] . Computer-aided detection has been 
proposed to complement CTC by reducing 

 perceptual error and interobserver variance, 
improve sensitivity, and even reduce interpreta-
tion time  [  43,   44  ] . Computer-aided detection 
schemes locate possible abnormal areas on 
images, and further decision to con fi rm or dis-
miss is made by radiologist (Fig.  9.11 ). In a typi-
cal CAD workstation, “CAD marks” are revealed 
in the form of color-highlighted areas or arrows 
pointing to polyp candidates on 2D and 3D views. 
Depending on the software, there may be more 
options to see the list of suspected areas which 
user can toggle through and con fi rm or reject 
them. Some software also provides the polyp 
diameter and volume (Fig.  9.12 ).   

 Radiologist’s approach to the CAD-suggested 
areas can be categorized in three different read-
ing paradigms (modes), including primary-reader, 
secondary-reader, and concurrent-reader para-
digms. Secondary reader is mostly recommended, 
due to less bias, and is the classic-implemented 
reading paradigm. In primary-reader paradigm, 
CAD hits are shown initially, and the reader 
reviews all CAD-marked areas and then he/she 
reads the remaining areas for any additional 
 fi ndings. In secondary-reader paradigm, the CAD 

  Fig. 9.10    Deep colorization also provides visualization of colon vasculature which is helpful in evaluation of cancer 
or in fl ammatory diseases       
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hits are turned off initially, and the reader goes 
through case independently, then CAD hits are 
revealed, and the reader can look for any missed 
lesion. Primary-reader mode has the most bias, 
since CAD-suggested spots make reader to have 
less vigilance for full evaluation of the case; how-
ever, this may also happen in secondary-reader 
mode since the reader knows that CAD hits will 
be revealed later. In concurrent-reader paradigm, 
CAD hits are visible, and the reader reviews the 
case while CAD-suspected areas are showing. 
This mode is more time ef fi cient compared with 
secondary-reader mode and showed similar sen-
sitivity for polyps  ³  6 mm; however, secondary-
reader mode maximizes sensitivity, particularly 
for smaller lesions  [  45,   46  ] . It is recommended to 
 fi rst read the case via 3D  fl y-through, which is 
fast and bidirectional, on both supine and prone, 
and use CAD as secondary reader. Looking at 2D 
images helps for evaluation of segments not well 
seen in 3D and for detection of  fl at lesions or 
large masses. Next step is turning CAD off and 
evaluating CAD-suspected areas. Lesion texture, 
interactive/level adjustment, 2D MPR image 
comparison, 2D-3D image comparison, and 
supine-prone comparison may be needed to 
con fi rm or ignore suspected areas. 

   CAD Feasibility Studies 

 There are several reported studies in literature 
evaluating CAD performance in polyp detection 
 [  47–  54  ] . Some studies (stand-alone studies) eval-
uate CAD performance, independently, in polyp 
detection on a set of CTC cases. Other studies 
compare performance of human readers in both 
CAD-assisted and CAD-unassisted CTC inter-
pretations. CAD has shown to have positive effect 
on reading CTC images; however, stand-alone 
studies demonstrated higher sensitivity than 
CAD-assisted human readers. This is because 
radiologists may mistakenly dismiss polyps cor-
rectly suggested by CAD. Therefore, there is 
likely the need for more intelligent CAD systems 
which have more concentration on those true-
positive polyps that are more likely to be ignored 
as false positive  [  55  ] . 

 In a large stand-alone study, Lawrence et al. 
 [  56  ]  retrospectively applied CAD to CTC screen-
ing data set of 1,638 women and 1,408 men. Per-
patient and per-polyp sensitivities for polyps  ³  6 mm 
were 93.8% and 90.1%, respectively, and for pol-
yps  ³  10 mm were 96.5% and 96%, respectively. 
CAD sensitivities for advanced neoplasia and can-
cer were 97% and 100%, respectively. The mean 
false-positive rate was 9.4 per patient. Summer 
et al.  [  57  ]  also tested their CAD scheme on 75 
patients with 86 adenomas. It resulted to per-
patient and per-polyp sensitivities of 82.4% and 
82.1%, respectively, for adenomas 6–9 mm, and 
97.6% and 91.5%, respectively, for ade-
nomas  ³  10 mm. The mean false-positive rate was 
9.6 per patient. A group at University of Chicago 
studied their new developed method aimed to 
reduce false positives (region-based supine-prone 
correspondence), in CAD performance on CTC 
database of 121 patients (242 scans), including 42 
polyps  ³  5 mm in 28 patients. Per-polyp sensitivity 
was reported as 90.5% with the average 2.4 false 
positives per patient (1.4 false positives per scan) 
 [  58  ] . In general, stand-alone CAD performance 
studies have reported per-patient sensitivity ranged 
between 70 and 100%, and per-polyp sensitivity 
ranged between 60 and 96%, with FP range of 
1–31 per patient, for polyps 6 mm and larger  [  45  ] . 

  Fig. 9.11    Integration of CAD marks with endoluminal 
display method. The CAD software correctly identi fi ed a 
sessile poly and is displayed as a blue painting of the sur-
face of the polyp on this 3D endoluminal display mode       
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 In a human reader comparative study, Mang 
et al.  [  52  ]  compared CAD assisted with unas-
sisted reading in terms of sensitivity and reading 

time in a study performed on 52 CTC patient data 
sets including 37 patients with 55 endoscopically 
con fi rmed polyps  ³  0.5 cm and 7 cancers and 15 

  Fig. 9.12    CAD integrated into visualization software. 
( a ) CAD    marks displayed as “ blue caps ” on the virtual 
colon wall in the 3D view. The  green check mark  and  red 
“X” marks  displayed near each CAD mark in the 3D view 
enables users to accept or reject CAD marks as polyps. 
CAD marks are displayed as  yellow circles  on image 
slices in the 2D views. ( b ) CAD marks are displayed as 

 yellow circles  on the “full colon” view. ( c ) CAD  fi ndings 
are numbered and displayed in a list that indicates the dis-
tance from the anal verge and whether or not each CAD 
mark has been accepted or rejected as a polyp. The icon to 
the right of the logo enables users to toggle CAD marks 
on/off (defaulted off), as does the “C” key on the 
keyboard       
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patients with no abnormal  fi ndings. Four radiolo-
gists, two expert and two inexpert in CTC, 
reviewed cases unassisted and CAD assisted in a 
second-reader mode. The overall sensitivity 
before applying CAD for expert readers was 91% 
each. The number increased to 96% ( p  = 0.25) 
and 93% ( p  = 1). However, a signi fi cant increase 
in sensitivity was observed in two inexpert read-
ers, before and after applying CAD, from 76 to 
91% ( p  = 0.008) and 75 to 95%( p  = 0.001).CAD 
showed poor performance in detection of stenotic 
carcinomas which highlighted the need for 
improvement of CAD algorithm before wide 
clinical application. Also, there was an increased 
reading time by average of 2.1 min in CAD-
assisted reads. Conversely, Haligan et al.  [  54  ]  
demonstrated that despite the signi fi cant effect of 
using CAD as the reading assistant in improving 
reader performance, it cannot cover up inade-
quate CTC training and expertise for polyp detec-
tion. Ten readers trained in CT, but inexpert in 
CTC, reviewed 107 CTC cases (142 polyps over-
all) with and without CAD aid (reading interval 
of 2 months). Per-polyp sensitivity increased 
signi fi cantly in CAD-assisted reads. Per-patient 
sensitivity also increased signi fi cantly in 70% of 
CAD-assisted readers. However, the overall read-
ers performance was relatively poor with detec-
tion rate of 51% for polyps 10 mm and larger and 
38.2% for polyps  ³  6 mm. Small ( £ 5 mm)- and 
medium-sized (6–9 mm) polyps were signi fi cantly 
more likely to be detected when prompted cor-
rectly by CAD. 

 In the largest multicenter, multireader 
(MRMC) trial  [  59  ] , 19 readers and 100 colonos-
copy-proved cases were involved. Cases included 
35 patients with polyps sized  ³ 6 and <10 mm, 17 
patients with polyps  ³  10 mm (4 with one and 1 
with two synchronous 6–9 mm polyps), and 48 
patients with no abnormal  fi ndings. The overall 
74 polyps (53 sessile, 13 pedunculated, and 8 
 fl at) were distributed along 65 colon segments. 
The polyps’ size ranged from 6 to 20 mm, and the 
ratio of small to large polyps was 3:2. Nineteen 
blinded readers reviewed cases without and with 
CAD (as a second reader), a total of 200 readings 
for each reader. The readers’ average segment-
level area under the curve (AUC) with CAD was 

signi fi cantly higher than the average AUC in 
unassisted group. Higher reading accuracy was 
seen in 68% of readers. Readers’ per-segment, 
per-patient and per-polyp sensitivity were higher 
for all polyps  ³  6 mm ( p  < 0.011, 0.007, 0.005, 
respectively) in CAD-assisted group compared 
with unassisted (0.517 vs. 0.465, 0.521 vs. 0.466, 
and 0.477 vs. 0.422, respectively). CAD provided 
a higher sensitivity for patients with at least one 
large polyp  ³  10 mm (0.777 with CAD versus 
0.743 without CAD). The average reader sensi-
tivity improved by >0.08 for small adenomas. 
Although there was a small reduction of 0.025 in 
speci fi city ( p  = 0.050) and increase in reading 
time, the CAD system resulted in a signi fi cant 
improvement in overall reader performance.  

   CAD Systems Pitfalls 

 Although CAD is accepted to reduce interob-
server variability and improve sensitivity for 
polyp detection, there are still limitations such as 
failure to detect dif fi cult lesions which results in 
false negatives (FN) or confusing normal colon 
structures, stool, and artifacts with polyps causing 
false positives (FP). Since CAD techniques con-
sider any cap-like shapes or signi fi cantly bulged 
lesions as polypoid lesion, diminutive (<5 mm), 
small (5–9 mm), and  fl at lesions may be missed 
because of losing their margin (due to partial vol-
ume effect). CAD may also be confused when it 
encounters lesions with signi fi cant deviated shape 
from polypoid or misses polyps located in col-
lapsed region or submerged in untagged  fl uid 
 [  60  ] . Efforts have been devoted to develop tech-
niques to make CAD systems smarter. Suzuki 
et al.  [  61  ]  at University of Chicago developed and 
compared their CAD scheme, massive-training 
arti fi cial neural network (MTANN), with conven-
tional CAD scheme with linear discriminant anal-
ysis (LDA) for detection of dif fi cult polyps in 24 
FN cases who had at least one polyp missed by 
human reader (23 polyps and one mass). A sensi-
tivity of 58% (14/24) with 8.6 FPs per patient was 
achieved by MTANN CAD scheme, compared 
with 25% at the same FP rate for conventional 
scheme (Fig.  9.13 ).  
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 CAD FPs are a major problem which tend to 
be more than human readers FPs. However, most 
of them can be easily differentiated from true 
lesions, and only 10–20% are challenging  [  60, 
  62  ] . A recent analysis of various causes of CAD 
FPs on 50 cases showed that “colonic fold” is the 
most common source with the incidence of 42% 
(in prone view) and 32.9% (in supine view)  [  59  ] . 
Suboptimal colon distention or sigmoid muscular 
hypertrophy can cause thickened haustral folds 
and resulted FP. Looking at nearby folds helps to 
dismiss as FP. Other causes include nodular folds 
and convergence of two or more normal folds, 
which in these cases reconciliation between 2D 
and 3D views is helpful. 

 Some other sources of CAD FPs include 
untagged or poorly tagged stool, ileocecal valve, 
small bumps (<6 mm), rectal tube, poor colonic 
distention,  fl exural pseudotumor, extrinsic com-
pression, anal papillae, motion artifacts (such as 
peristalsis), high-density objects within abdomen 
(e.g., hip prosthesis), small residual subtraction 
artifacts after electrical cleansing, diverticular 
fecaliths, inverted diverticula, and sharp turns or 
bindings. In most of them, con fi dent differentia-
tion can be done by reconciliation between 2D 
and 3D views and between different scan views. 

Internal mottle texture pattern, irregular  angulated 
contour, internal diffuse gas, and internal positive 
contrast tagging are clues to dismiss untagged or 
poorly tagged stool as FP  [  44,   59  ] . Several works 
have been done targeted on developing methods 
to reduce CAD FPs  [  58,   63–  68  ] .   

   Summary 

 In summary, there have been substantial advances 
in CTC during last decade which resulted in bet-
ter image quality, higher readers’ performance, 
and increased patient acceptance. However, there 
are still technical and practical challenges in CTC 
preparation, acquisition, visualization, and inter-
pretation, which the trend of progress is very 
promising.  

   Key Points 

    CTC is currently undergoing continued tech-• 
nical improvement through introducing differ-
ent tools and techniques.  
  Studies have shown encouraging results and • 
feasibility of these techniques which resulted 

  Fig. 9.13    MTANN CAD scheme: shape index (SI) for 
characterizing  fi ve different shapes. Polypoid polyps can 
be identi fi ed with the SI as a cap. Haustral folds can be 

identi fi ed as a saddle or ridge. Colonic walls can be 
identi fi ed as rut or cup       
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in improvement in detection rate, reading 
time, and higher patients acceptance.  
  Cathartic preparation has shown to be one of • 
the most unpleasant portion of CTC and con-
tributes to reduce the patient acceptance for 
CRC.  
  Noncathartic CTC technique, also known as • 
“prepless CTC,” has shown very good level of 
patient acceptance and diagnostic performance 
in different studies.  
  The method of “electronic cleansing” has been • 
promising for a better approach to prepless 
CTC by digital subtracting of tagged solid and 
semisolid materials from CTC images.  
  New visualization methods have been devel-• 
oped with the purpose of reducing reading 
time and overcoming limitations of conven-
tional endoluminal view.  
  Most frequent novel displays include virtual • 
dissection, perspective- fi let view, panoramic 
endoluminal (band view) method, and 
unfolded cube method.  
  Computer-aided detection has been proposed • 
to complement CTC by reducing perceptual 
error and interobserver variance and improve 
sensitivity and even reduce interpretation time.         
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