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1. ICER REVIEW PROTOCOL  
 
Protocol for Systematic Review 
Computed tomographic colonography versus optical colonoscopy 
 

Objectives 
The objective of this comparative effectiveness review is to assess the effectiveness 
and safety of computer tomographic (CT) colonography with that of traditional 
endoscopic colonoscopy for screening for the presence or absence of colorectal 
cancerous or precancerous lesions. 
 
Specific questions to be addressed are: 
 
1. What are the results and conclusions of currently available health technology 

assessments related to CT colonography? 
2. What is the sensitivity and specificity of CT colonography compared with optical 

colonoscopy to detect one or more polyps or cancerous lesion per patient by lesion 
size (1 cm or more, 6 to 9 mm, 5 mm or less), during a single screening 
examination?  

3.  Do patients prefer CT colonography compared with other types of colorectal 
screening methods involving direct examination of the colon, or compared with fecal 
examination screening methods?  Does preference change depending on whether 
the patient had previously experienced a CT colonography? 

4. Is there an increase in patient compliance with current colorectal screening 
guidelines with the use of CT colonography as a screening method? 

5. How do adverse events related to CT colonography compare with those related to 
optical colonoscopy, including but not limited to increased risk due to radiation, 
events related to false positive findings or extracolonic findings (e.g., increased costs 
of additional testing, anxiety, etc.), and bowel perforation. 

 
Criteria for considering studies for this review 

Types of studies 
This review will include two types of studies. First, we will include all studies that 
prospectively compare the diagnostic performance of CT colonography with that of 
optical colonoscopy.  Studies are eligible if a valid reference standard was used, and 
observers were kept unaware of colonoscopy results before evaluating the CT 
colonography findings. Studies are excluded if the study investigators did not collect 
data from which sensitivity and specificity could be determined.  
 
Second, we will include studies that evaluate patient compliance, preference, or 
satisfaction with CT colonography compared with optical colonoscopy or another 
method of colorectal screening.  
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We will preferentially search for RCTs, but include all prospective study designs in our 
systematic review.   

 

Types of participants 
We will include trials in which the study population consisted of people who have agreed 
to undergo colorectal screening by CT colonography. Participants will be adults, 
classified by over and under 50, gender, or perceived risk for colorectal cancer (low risk 
or high risk).  We will not include trials of colorectal cancer screening of individuals with 
Crohn’s disease, irritable bowel syndrome, or a current or previous diagnosis of a 
gastrointestinal cancer. 

 

Types of interventions 
All types of CT colonography instrumentation and imaging technology will be considered 
for this review.  The comparator for this review for the diagnostic specificity and 
sensitivity will be traditional endoscopic colonoscopy. The comparator for patient 
preference will be any method of colorectal cancer screening. 
 

Types of outcome measures 
 
The primary outcome of this review will be the sensitivity and specificity of CT 
colonography to detect a cancerous or pre-cancerous lesion (polyp) by patient by 
largest lesion size. 
Secondary outcomes include the following: 

• Sensitivity and specificity of CT colonography to detect a polyp 1 cm or more 
compared with that of optical colonoscopy; 

• Sensitivity and specificity of CT colonography to detect a polyp between 6 to 9 
mm compared with that of optical colonoscopy; 

• Patient compliance with colorectal screening using CT colonoscopy compared 
with optical colonoscopy or other colorectal screening method; 

• Patient preference for CT colonoscopy compared with optical colonoscopy or 
other colorectal screening method; 

• Patient satisfaction with performance of CT colonoscopy compared with optical 
colonoscopy or other colorectal screening method; 

• Adverse events related to CT colonography, including effect of increased 
radiation, events related to false positive or extracolonic findings, and rate of 
bowel perforation.  
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Identification of studies 
Development of the search strategy 
A search strategy will be developed by analyzing MEDLINE Medical Subject Headings 
(MeSH) headings used to analyzing the MEDLINE MeSH terms used to index key 
articles found in published meta-analyses.  A preliminary analysis of 16 articles 
identified the following MeSH headings appearing in 4 or more articles: 
colon/radiography 
colonic polyps/radiography 
colonography, computed tomographic 
colonoscopy 
colorectal neoplasms/diagnosis/radiography 
image processing, computer-assisted 
tomography, X-ray computed 
sensitivity and specificity 
predictive value of tests 
prospective studies 
 
 
These MeSH terms and text words related to the population, diagnostic tests, condition, 
and outcomes of interest will be incorporated into the final MEDLINE search strategy.  
Search filters (e.g., “adult”, “human, not animal”) will be applied when and if appropriate. 
The Cochrane Highly Sensitive Search Strategy will be used to identify RCTs and then 
modified to identify non-randomized, cohort, and case-control studies.  Systematic 
reviews will be identified in MEDLINE by using the Publication Type index term [Meta-
analysis] combined with appropriate MeSH and text word terms.  
 
Electronic Searches 
The search strategy will be used to search MEDLINE, documented the date of search.  
It will be modified for use in EMBASE, CENTRAL (the Cochrane database of controlled 
clinical trials found in The Cochrane Library), LILACS, and Science Citation Index.  The 
search will include articles in any language.   
 
We will also identify existing health technology assessments (HTAs) using a detailed 
documented search strategy.  We will search the Health Technology Assessment 
database of The Cochrane Library, MEDLINE, and EMBASE for HTAs, documenting 
the date the search was conducted.   
 
Other searches 
 
We will also review references in identified HTAs, references found in systematic and 
other types of reviews and relevant papers, and references to identified studies found in 
Science Citation Index.   
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Methods of the review 
 
Assessment of Current Health Technology Assessments 
Full length copies of HTAs available through the internet will be obtained and 
conclusions of each HTA summarized. 

Selection of studies for the review 
Titles and abstracts of all articles identified by the electronic and manual searches will 
be assessed for compliance with eligibility criteria.  The abstracts will be classified as 
definitely eligible, possibly eligible, or definitely ineligible. Full copies of those classified 
as definitely or possibly eligible will be obtained and re-assessed using the eligibility 
criteria.  Final classification will be definitely eligible or definitely ineligible. Any study for 
which classification is not possible because of lack of information in the published report 
will be considered ineligible.  
 
Classification of eligible articles by level of evidence 
 
We will classify all identified eligible studies by the level of evidence, as follows:  
 Level I:   randomized controlled trial; 
 Level II:  quasi-randomized controlled trial (i.e., alternate allocations or some 

other method) or a comparative study with concurrent controls,  
 Level III:  cohort studies, case-control studies or interrupted time series with a 

control arm;  
 Level IV: a comparative study without concurrent controls (historical controls 

study; 2 or more single arm studies; interrupted time series without a parallel 
control group 

 Level V:  Case series with either post-test or pre-test/post-test outcomes.    
 

Data extraction and management 
 
The steps used to synthesize the available evidence include initial assessment of 
methodological quality and study characteristics followed by data abstraction, synthesis, 
and interpretation. 
 

Assessment of methodological quality of included studies 
 
For randomized trials, the following characteristics will be considered to be important for 
assessing validity of the trial: method used to assign study participants to treatment, 
allocation concealment, masking of outcome, and follow up. Each characteristic will be 
graded as adequate, inadequate, or unclear (or not reported) with grade documented on 
a data collection form. We will consider any study with inadequate allocation 
concealment to be of lower quality. 
Bias in non-randomized studies will be assessed by scoring for selection bias, 
ascertainment bias, and comparability of treatment groups using the Newcastle Ottawa 
Quality Assessment Scale (NOS), a validated instrument developed by investigators 
from the Ottawa Health Research Institute and University of Newcastle, Australia (40).  
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Abstraction of Study Characteristics 
 
We will extract data on study characteristics such as participant demographics, co-
morbidities, and risk assessment; details of the technology; details of the outcomes 
measured; and other relevant information. Aspects of each study will be tabulated into 
an evidence table and used to inform the qualitative analyses and to evaluate the 
generalizability of the review results.  In addition, we will specifically assess 
characteristics that have been documented as having an effect on measures of 
diagnostic test accuracy (Whiting 2004).  These include: 

• Demographic features of the test population 

• Selection of the patient population; 

• Disease severity 

• Disease prevalence 

• Verification of the index test results (partial verification, differential verification, or 
full verification) 

• Test execution; 

• Test technology; 

• Clinical information available to the clinician interpreting the image; and 

• Reader characteristics. 
 

Data Synthesis 
 

Preparation of Evidence Tables 
 
The next step is the preparation of evidence tables. We will use a process similar to that 
developed by the GRADE group to evaluate the totality of evidence, not using those 
aspects related to intervention studies.   The GRADE process takes into account the 
quality of evidence, the consistency of the evidence across all studies, and the 
directness of the evidence, defined as “the extent to which the people, interventions, 
and outcome measures are similar to those of interest.”   The benefit and harm reported 
for each study will be assessed, and recorded in an evidence table along with the 
directness (applicability) of effect. The GRADE group also recommends assessing 
whether there was sparse data (SD), a strong association (SA), reporting bias (RB), a 
dose response effect (DR), and the application of all possible confounders (PC).  These 
are graded as Yes or No.  We will include these variables as applicable in the evidence 
table.    
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Investigation of heterogeneity 

 

Sensitivity analysis 
We will assess study design by the level of evidence, as described above, and then modify it by 
the quality assessment.  For example, a randomized trial receives the highest ranking, but the 
rank will be decreased if the studies have methodological limitations that affect the validity of the 
results.  We will rate overall study quality as having no serious limitations, serious limitations, or 
very serious limitations.  
 
Other variables that we will explore are variations in instrument (e.g., single versus multi-
detector), imaging (minimal collimation slice < 5 mm versus 5 mm or larger),  software, and 
amount of observer training.  

 
Interpretation 
Data from the evidence table will be qualitatively summarized in a narrative review, taking into 
account confounding variables and other findings that affect the diagnostic characteristics of CT 
colonography. 
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2. PRELIMINARY REPORT OF ACRIN TRIAL RESULTS 
 
ACRIN trial shows VC ready for widespread use 
 
9/28/2007 
By: Eric Barnes <mailto:ebarnes@auntminnie.com> 
 
ARLINGTON, VA - Trial results unveiled today marked the apparent end of a long road to validation for virtual 
colonoscopy (VC or CT colonography [CTC]), a radiology-based colon screening exam whose advocates have 
toiled for more than a decade to show equivalent detection sensitivity in a large screening trial compared to more 
invasive optical colonoscopy. 
 
Preliminary results of the National CT Colonography Trial (ACRIN 6664 
<http://www.acrin.org/6664_protocol.html> ), a study funded by the National Institutes of Health (NIH) and 
performed on 2,531 participants in 15 U.S. centers, yielded an impressive per-patient sensitivity of 90% for 
adenomatous colorectal lesions 1 cm or larger in diameter, a sensitivity on par with that of optical colonoscopy. 
 
Optical colonoscopy retains the considerable advantage of being both diagnostic and therapeutic, in that colorectal 
polyps can be removed concurrently with their detection. Nevertheless, reported principal investigator Dr. C. Daniel 
Johnson from the Mayo Clinic in Rochester, MN, only 8.3% of trial participants would have proceeded to same-day 
optical colonoscopy for removal of polyps 6 mm or larger, a referral rate low enough to suggest that VC will not be 
too expensive an alternative for routine use in colorectal cancer screening. Inasmuch as optical colonoscopy served 
as a reference standard for the comparison of VC trial results, 100% of the participants were referred for the exam 
immediately after VC. 
 
"Colon cancer is the second most common cancer killer in the U.S., affecting one in 18 individuals in the United 
States," Johnson said, adding the latest grim statistics: 145,290 new cases in 2007, and an estimated 73,470 deaths. 
Yet only one-third to one-half of the 70 million people eligible to screen in the U.S. ever get tested. It is hoped that 
the addition of a new alternative will encourage more individuals over 50 years of age to get screened, though as in 
optical colonoscopy, most VC patients will still have to undergo cathartic bowel cleansing before screening. 
 
"From a patient perspective, once the colon's prepped, it's pretty easy, just two breath-holds in the prone and supine 
position, and then the examination is done on the image data rather than on the patient," said Johnson, a professor of 
radiology at the Mayo Medical School in Rochester, MN. He presented the first results of the trial at the 2007 
ACRIN fall meeting. 
 
The efficacy of colorectal cancer screening has already been proved because it can detect precursor lesions in the 
colon long before they progress to cancer, Johnson said. The problem with VC as a screening alternative has been 
the variability of multicenter trial results. While Pickhardt et al demonstrated 94% sensitivity and 96% sensitivity for 
significant colorectal lesions in more than 1,100 asymptomatic subjects in 2003, subsequent studies by Cotton et al 
and Rocky et al yielded sensitivities as low as 55% and 59%, respectively, for clinically significant polyps. These 
later results cast serious doubt on the robustness of VC as a screening method, though many radiologists maintained 
that poor study design and lack of training were the main problems. 
 
"The aim of this (ACRIN) study was to evaluate the sensitivity of CT colonography for detecting participants with at 
least one adenoma a centimeter or larger using colonoscopy as the reference standard," Johnson said. 
 
The 15 U.S. sites included both academic centers and private practices, which recruited 2,600 asymptomatic 
outpatients who were scheduled for optical colonoscopy screening. Those with symptoms suggestive of an elevated 
risk of colon cancer, such as blood in stool, abdominal pain, or family or personal history of colorectal polyps, were 
excluded from the study. 
 
Training was an important component of the study, with VC readers obligated to have read at least 500 cases, or 
attend a 1.5-day training course. And all had to pass a certified exam in which they detected at least 90% of the 
adenomas 1 cm or larger in 50 cases, Johnson said. 

mailto:ebarnes@auntminnie.com
https://mail.ahip.org/exchweb/bin/redir.asp?URL=http://www.acrin.org/6664_protocol.html


WA Health Technology Assessment - HTA 

CTC Appendix 02-01-08  
  

 
"It's interesting to note that more than half of the readers had to undergo additional training in order to pass the 
certified exam initially, and with additional training, all the readers eventually passed," he said. 
 
Stool tagging began 24 hours before imaging with the ingestion of 16 grams of barium sulfate in three doses with 
meals, Johnson said. This was followed the evening before VC with a cathartic prep and residual fluid tagging with 
60 mL of a water-soluble iodinated contrast agent. All subjects received 1 mg of glucagon 10 minutes prior to 
mechanical colon insufflation with CO2. 
 
After insufflation, prone and supine CT images were acquired on scanners representing each of the major vendors 
with a minimum of 16 detector rows. Thin-section images were acquired at 0.6-mm to 1.25-mm collimation with 
reconstructions at 0.8- to 1-mm intervals, using a low-dose protocol of 50 mAs. Colonoscopy was performed on the 
same day in 99% of the cases by experienced staff gastroenterologists, who were blinded to the VC results. 
 
A central pathology laboratory examined the results of all polypectomies, and segmental unblinding of VC results 
for the gastroenterologists was not used. Lesion matching between the exams required each polyp detected at VC in 
the same segment and within 50% of the same size as detected at colonoscopy. 
 
From a total of 2,600 subjects, eight were deemed ineligible, 10 withdrew from the study, 42 had incomplete 
colonoscopy, and nine had incomplete VC, leaving a total of 2,531 or slightly more than 97% of the total who 
completed the study, including 1,205 men and 1,362 women with an average age of 58 years, Johnson said. About 
10% (n = 248) had an increased risk of colon polyps due to personal or family history of colon polyps, he said. 
 
More than half of the studies were performed on 64-detector-row scanners, and were interpreted in either primary 
2D or 3D reading on software from several major vendors. 
 
Overall there were 547 polyps in 390 patients 5 mm or larger in size, 392 polyps 6-9 mm in 258 patients, and 155 
lesions 1 cm or larger in 132 patients, Johnson said. The mean diameter was 8.9 mm, distributed fairly evenly 
between the right colon (29%), transverse colon (17%), left colon (38%), and rectum (16%). 
 
A total of 374 of the 547 (68%) colonoscopy-proven lesions were adenomatous polyps or cancers, including 128 
lesions 10 mm or larger in 109 patients (4.3%), and seven carcinomas 5 mm or larger in diameter, Johnson said. 
 
The chart below shows VC's sensitivity, specificity, positive predictive value (PPV), and negative predictive value 
(NPV) for detecting patients with adenomas ranging in size from 5 mm or larger to 10 mm or larger. 
 
                  = 5 mm  = 6 mm  = 7 mm  = 8 mm  = 9 mm  = 10 mm        
Sensitivity      65%      78%       84%       87%       90%        90%    
Specificity      89%      88%       87%       87%       86%        86%    
PPV                45%      40%       35%       31%       25%        23%    
NPV                95%      98%       99%       99%       99%       99%    
 
"You can see that (VC) sensitivity remained high, 84% or more, for polyps 7 mm or larger," Johnson said. 
"Specificity remained high, 86% to 89%, across all lesions." The area under the curve rose from 80% to 90% for 
adenomas 5-10 mm in size. 
 
Even the rigorous per-adenoma sensitivity measure was 59% (= 5 mm), 70% (= 6 mm), 75% (= 7 mm), 80% (= 8 
mm), 82% (= 9 mm), and 84% (= 10 mm). 
 
Interobserver variability was "actually quite tight," Johnson said, and seven of the 15 readers detected 100% of the 
polyps. Interestingly, the overall sensitivity difference between primary 2D reading (87%) and primary 3D reading 
(88%) was not statistically significant, he said. And 3D took almost six minutes longer to review on average, at 25.5 
minutes versus 19.4 minutes for primary 2D. The various software packages used for interpretation did not yield 
significant differences in sensitivity either, Johnson added. 
 
"I think we can say that CT colonography is similar to the performance of colonoscopy for large adenomas 1 cm or 
larger, as well as those intermediate adenomas 5-10 mm in diameter," Johnson said. "And I think it's reasonable to 
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consider broader application of this relatively noninvasive imaging modality, which hopefully will enhance 
compliance with colorectal cancer screening guidelines. The prevalence of those adenomas 6 mm or larger was 
8.3%; this would indicate that most patients undergoing CT colonography wouldn't need colonoscopy, sparing them 
the cost, risk, and inconvenience of that second test." 
 
The contributions of reader training and advanced techniques in the success of the trial cannot be underestimated, 
Johnson said. The success in the past has been attributed to the primary 3D reading technique, but the results showed 
that primary 2D can be as accurate. In addition, the study was performed with a low-dose CT technique yielding a 
total dose of about 5 mSv per exam, an amount the Health Physics Society considers a risk that is either nonexistent 
or "too small to be measured," he said. 
 
Johnson said he expects the information to be of interest to the health agencies that define the tests that are included 
in colorectal screening guidelines, and called on the primary care and gastroenterology communities to work 
together with radiologists to prepare for the wider implementation of CT colonography for screening. 
 
"I think the results show a remarkable amount of thoughtful effort" on the part of the researchers, commented Dr. 
Elizabeth McFarland, an associate professor of radiology at the Mallinckrodt Institute of Radiology at Washington 
University in St. Louis. What matters from this point forward is "how we disseminate this (modality) in a way that 
we maintain high standards and make it feasible for people to do out in the community," she said. 
 
"Let's all agree that the validation phase is over, and let's work on widespread screening," commented Dr. Perry 
Pickhardt, an associate professor of radiology at the University of Wisconsin in Madison, in a telephone interview 
with AuntMinnie.com. 
 
The 25-minute 3D reads "are almost triple our current reading times" using different software, added Pickhardt, a 
proponent of primary 3D reading. "But I'm not worried about the whole 2D/3D issue. People will find out on their 
own which method works best for them," he said. "The numbers are really good, and overall it's good news." 
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Preface 

 
     The Agency for Healthcare Research and Quality (AHRQ) sponsors the development of 
Systematic Evidence Reviews (SERs) through its Evidence-based Practice Program. With 
guidance from the third U.S. Preventive Services Task Force∗  (USPSTF) and input from Federal 
partners and primary care specialty societies, two Evidence-based Practice Centers�one at the 
Oregon Health Sciences University and the other at Research Triangle Institute-University of 
North Carolina�systematically review the evidence of the effectiveness of a wide range of 
clinical preventive services, including screening, counseling, immunizations, and 
chemoprevention, in the primary care setting. The SERs�comprehensive reviews of the 
scientific evidence on the effectiveness of particular clinical preventive services�serve as the 
foundation for the recommendations of the third USPSTF, which provide age- and risk-factor-
specific recommendations for the delivery of these services in the primary care setting. Details of 
the process of identifying and evaluating relevant scientific evidence are described in the 
�Methods� section of each SER.  
     The SERs document the evidence regarding the benefits, limitations, and cost-effectiveness of a 
broad range of clinical preventive services and will help to further awareness, delivery, and coverage of 
preventive care as an integral part of quality primary health care. 
     AHRQ also disseminates the SERs on the AHRQ Web site (http://www.ahrq.gov/uspstfix.htm) and 
disseminates summaries of the evidence (summaries of the SERs) and recommendations of the third 
USPSTF in print and on the Web. These are available through the AHRQ Web site 
(http://www.ahrgq.gov/uspstfix.htm), through the National Guideline Clearinghouse 
(http://www.ncg.gov), and in print through the AHRQ Publications Clearinghouse (1-800-358-9295). 
     We welcome written comments on this SER. Comments may be sent to: Director, Center for 
Practice and Technology Assessment, Agency for Healthcare Research and Quality, 6010 Executive 
Blvd., Suite 300, Rockville, MD 20852. 
 
 
 
 
 
 
Carolyn M. Clancy, M.D.    Robert Graham, M.D. 
Acting Director     Director, Center for Practice and 
Agency for Healthcare Research and Quality    Technology Assessment 

Agency for Healthcare Research and Quality 

                                                 
∗  The USPSTF is an independent panel of experts in primary care and prevention first convened by the U.S. Public 
Health Service in 1984. The USPSTF systematically reviews the evidence on the effectiveness of providing clinical 
preventive services--including screening, counseling, immunization, and chemoprevention--in the primary care 
setting. AHRQ convened the third USPSTF in November 1998 to update existing Task Force recommendations and 
to address new topics. 
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The authors of this report are responsible for its content.  Statements in the report should not be 
construed as endorsement by the Agency for Healthcare Research and Quality or the U.S. 
Department of Health and Human Services of a particular drug, device, test, treatment, or other 
clinical service. 
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Structured Abstract 
 
Context:  Colorectal cancer is an important cause of cancer-related morbidity and mortality in 
the United States.  Screening has the potential to reduce the morbidity and mortality from 
colorectal cancer through early detection and removal of early-stage cancers or precancerous 
adenomatous polyps.   
 
Objective:  We conducted a systematic review for the US Preventive Services Task Force to 
assess the effectiveness and cost-effectiveness of different colorectal cancer screening tests. 
 
Data sources:  We used recently conducted systematic reviews, the second edition of the Guide 
to Clinical Preventive Services, the British National Health Service Economic Evaluation 
database, and focused searches of MEDLINE from 1966 through September 2000 to identify 
relevant studies for inclusion.  We also conducted hand-searches, review of bibliographies, and 
consultations with context experts to assure completeness. 
 
Study selection:  When available, we included the most recent high-quality systematic review 
and then supplemented that review with a search for more recent articles.  Full MEDLINE 
searches were performed to examine the accuracy of double-contrast barium enema, the rates of 
complications for each of the available screening tests, and for studies of the cost-effectiveness 
of screening.  Two reviewers examined the results of each of the full searches and determined by 
consensus which articles should be abstracted into evidence tables.   
 
Data extraction:  One reviewer abstracted the information from the final set of studies into 
evidence tables, and a second reviewer checked them for accuracy. 
 
Data synthesis:  Direct evidence from multiple well-conducted randomized trials supports the 
effectiveness of fecal occult blood testing (FOBT) in decreasing colon cancer incidence and 
reducing mortality from colorectal cancer compared with no screening for average-risk adults 
over age 50.  Data from well-conducted case-control studies support the effectiveness of 
sigmoidoscopy and possibly colonoscopy in reducing colon cancer mortality as well.  A 
nonrandomized trial and indirect evidence support the use of combination FOBT and 
sigmoidoscopy.  Indirect evidence from diagnostic accuracy studies suggests that double-contrast 
barium enema or virtual colonoscopy may also be effective compared with no screening.  Data 
are insufficient to determine with confidence and precision the most effective or cost-effective 
strategies or the age at which screening should be stopped.   
 
Conclusions:  Colorectal cancer screening is effective in reducing mortality from colorectal 
cancer.  Current data are insufficient to determine the most effective or cost-effective strategy for 
screening, although all major strategies have favorable cost-effectiveness ratios compared with 
no screening.   
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Chapter 1. Introduction 
 
Burden of Suffering and Epidemiology 
 
Colorectal cancer is the fourth most common form of cancer in the United States and has the 
second highest mortality rate, accounting for about 130,000 new cases and about 56,000 deaths 
in the year 2000.1  The incidence of colorectal cancer is low until ages 45 to 50 years; it then 
rises throughout the remainder of a person's lifetime.  Mortality from colorectal cancer begins to 
rise about 10 years after incidence rises.  Men are slightly more likely to develop colorectal 
cancer than women, but the risk is high enough for both men and women potentially to benefit 
from screening; African-Americans are more likely to die from colorectal cancer than 
caucasians.  Figure 1 shows the incidence and mortality of colorectal cancer by age and gender.2 
A 50-year-old person has about a 5% lifetime risk of being diagnosed with colorectal cancer and 
a 2.5% chance of dying from it.3  Currently, 35% to 40% of patients diagnosed with colorectal 
cancer are detected when the cancer is localized; 35% to 40% have regional spread; and 20% to 
25% have distant metastases.2  Estimated 5-year survival is greater than 90% in persons with 
Dukes� Stage A cancers, 80% for Dukes� Stage B, 65% in persons with regional spread (Dukes� 
C), and 8% in those with Stage D cancers (distant metastases).  The average patient dying of 
colorectal cancer loses 13 years of life.1   
Polyps and Cancer  � There are two types of polyps:  hyperplastic and adenomatous.  
Hyperplastic polyps do not become cancers and require no further attention here.  Some 
adenomatous polyps develop into cancer but most will not.  The prevalence of adenomatous 
polyps at age 50 is 20% to 25%; this level increases to 50% by ages 75 to 80.3  Limited data 
suggest that less than 1% of small adenomatous polyps (smaller than 1 cm in size) will 
eventually develop into cancer.  Of large polyps (larger than 1 cm in size), about 10% will 
become malignant within 10 years and about 25% after 20 years.4  Our current understanding of 
the biology of colorectal neoplasia suggests that most (more than 80%) of colorectal cancers 
arise from precancerous adenomatous polyps (�adenomas�).   
 
Risk Factors for Colorectal Cancer 
 
More than 60% of colorectal cancers occur in persons at average risk.  Table 1 shows the relative 
risk of colorectal cancer for persons with certain characteristics.  Approximately 20% of 
colorectal cancer cases occur among patients with a family history of colorectal cancer in a first-
degree relative.5  In an analysis of 2 large cohorts involving more than 840,000 patient-years of 
follow-up, a family history of colorectal cancer was associated with a significant increase in risk 
in younger persons (1.7- to 4-fold increase between ages 40 and 60) but not with a significantly 
increased risk for persons older than age 60; risk was higher in persons with more than 1 affected 
relative.6  Six percent of colon cancers occur among persons with uncommon hereditary 
syndromes (e.g., familial adenomatous polyposis [FAP] or hereditary nonpolyposis colorectal 
cancer [HNPCC]) that confer a high risk of colorectal cancer.  Persons with longstanding 
ulcerative colitis are at increased risk, as are persons with a history of large adenomatous polyps 
or colorectal cancer.3,7 Adenomatous polyps diagnosed in a first-degree relative before age 60 
increases the risk of colorectal cancer (relative risk [RR]=1.78; 95% confidence interval [CI] 
1.18 � 2.67).8 A prior diagnosis of endometrial or ovarian cancer also conveys increased risk, 
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particularly for cancers occurring below age 50; a history of breast cancer increases risk only 
slightly, if at all.9-11, 12,12,13,13 
The relationship between diet and colon cancer has been the subject of extensive epidemiologic 
research.  Numerous observational studies have examined whether certain dietary elements are 
associated with an increased or decreased incidence of colon cancer or adenomatous polyps.14  
Diets low in fat and red meat, and high in fiber and fruits and vegetables, have been associated 
with lower risks of colorectal cancer, but no evidence shows that changes in diet affect the 
subsequent rate of new cancers.  High levels of physical activity are also associated with lower 
rates of colorectal cancers but, again, it is unclear if this relationship is causal or if it is 
confounded by other factors.15  A full examination of the observational evidence regarding the 
relationship between dietary functions or physical activity and colorectal cancer is beyond the 
scope of this paper. 
 
Prior Task Force Recommendations 
 
In 1996 the USPSTF recommended screening for colorectal cancer with fecal occult blood 
testing (FOBT), sigmoidoscopy, or both tests.16  The USPSTF did not recommend for or against 
other means of screening (digital rectal examination [DRE], barium enema, colonoscopy) on the 
grounds that evidence was insufficient.  They also recommended that FOBT be performed yearly 
but did not specify an interval for sigmoidoscopy. 
To update the 1996 review and provide the scientific evidence for the USPSTF to make new 
recommendations, we undertook a systematic review of screening for colorectal cancer in 
average-risk adults.  Related questions, such as screening of higher-risk patients, surveillance of 
patients with previous polyps or cancers, or diagnosis of patients with colon-related symptoms, 
are mentioned briefly but were not reviewed for this report. 
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Chapter 2. Methods 
 

We document here the procedures that the Research Triangle Institute - University of 
North Carolina Evidence-based Practice Center (RTI-UNC EPC) used to develop this systematic 
review on screening for colorectal cancer.17   We describe development of the analytic 
framework and key questions, management of the literature search and synthesis, and conduct of 
the external peer review process.  During these steps, EPC staff collaborated with two members 
of the USPSTF who acted as liaisons for this topic; they are co-authors of this review.  The 
interactions took place chiefly by electronic mail and telephone conference calls.  Steps in the 
development of this review were presented at USPSTF meetings in December 2000 and March 
2001, when EPC staff and USPSTF members were able to discuss the analytic framework, key 
questions, and final draft findings and conclusions. 
 
Analytic Framework and Key Questions 
 
The USPSTF examined the following overarching key question related to colorectal cancer 
screening:  What are the benefits and adverse effects of screening average-risk adults over the 
age of 50 for colorectal cancer with office FOBT (oFOBT) and DRE, home FOBT, 
sigmoidoscopy, FOBT and sigmoidoscopy together, double contrast barium enema (DCBE), 
colonoscopy, or computed tomography (CT) colography?  Each major testing strategy was 
examined separately, yielding seven subsidiary key questions.   
To guide the review process, the authors developed the analytic framework depicted in Figure 2.  
The framework begins with asymptomatic adults ages 50 and older with no special risk factors 
for colorectal cancer.  Screening of high-risk patients is addressed separately.  Average-risk 
adults can undergo one of several strategies for screening.  The screening strategies involve 1 or 
more tests that are repeated at some interval.  Harms, including complications of the screening 
test, false positives, and economic costs, can arise at the screening phase.  Persons screening 
negative are retested after some interval of time. 

Persons screening positive by any method other than screening colonoscopy then undergo 
diagnostic colonoscopy.  If the colonoscopy is negative for adenomas and cancers, screening can 
be suspended for at least 5 years.  If the colonoscopy identifies neoplasms, they are biopsied.  
Adenomatous polyps usually can be removed during the initial colonoscopy.  If cancer is 
detected, the patient receives further diagnostic studies to assess the stage of disease and then 
receives treatment (usually surgery, with radiotherapy or chemotherapy as adjuvant therapy in 
some circumstances).  Harms can again arise at the time of colonoscopy or from treatment.  
Detection and removal of adenomas can prevent future cancers.  Early detection and treatment of 
early-stage cancers can reduce colorectal cancer mortality.   
 
Literature Searching and Analysis 
 
We used the second edition of the Guide to Clinical Preventive Services, existing systematic 
reviews, focused MEDLINE literature searches from 1966 through September 2000, review of 
the British National Health Service Economic Evaluation database, and hand-searches of key 
articles to identify the literature relevant to our key question.  For those questions for which we 
performed MEDLINE searches, 1 reviewer examined the abstracts of the articles identified in the 
initial search to determine relevancy.  A second reviewer examined the excluded articles and 
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differences were resolved by consensus.  Two reviewers examined the full text of the remaining 
articles to determine final eligibility. 

We then abstracted the final set of eligible articles and created evidence tables.  When 
systematic reviews were considered for inclusion, two investigators examined each review to 
assure that it followed methods similar to those used in our searches. 
 
Peer Review Process 
 
A draft version of this report underwent review by several content experts and stakeholders (see 
acknowledgements).  Based on their comments and those of the USPSTF members, the report 
was revised.   
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Chapter 3. Results 
 
Our main question concerns the evidence about the benefits and adverse effects of different 
colorectal cancer screening strategies for average-risk adults.  The available screening tests for 
colorectal cancer are the DRE (with or without a single office-based FOBT), home FOBT, 
sigmoidoscopy, DCBE, colonoscopy, and CT colography.  Each of these approaches, as well as 
the combination of FOBT and sigmoidoscopy, has been considered as a means of screening for 
colorectal cancer.  Other combinations of tests have not been well evaluated and are not 
discussed here. 
We review here the evidence about the accuracy and effectiveness of the above screening 
strategies for average-risk adults.  When available, we focus on evidence from trials or 
observational studies that have measured patient outcomes, particularly changes in colorectal 
cancer mortality.  When such data are not available, we present indirect information, such as 
screening test accuracy.  For each modality, we also report the adverse effects or harms 
associated with its use and its acceptability to patients.  In each case, we attempt to consider the 
entire screening pathway, rather than just the initial test itself. 
 
Digital Rectal Examination and Office Fecal Occult Blood Testing 
 
Although DRE with a single office-based FOBT is commonly performed by practitioners, the 
effectiveness of this approach in reducing colorectal cancer mortality has not been studied 
directly in a clinical trial or observational study.  Evaluation of its effectiveness can be based 
only on indirect information, mostly regarding test accuracy. 
DRE  � The sensitivity of a screening DRE is low: less than 10% of colorectal cancers arise 
within reach of the examining finger.3  Some of these lesions will be symptomatic and thus the 
sensitivity of DRE in asymptomatic adults over 50 with colorectal cancer is likely to be even 
lower.  The specificity of a positive DRE has not been examined in average-risk outpatients.   
A case-control study from Northern California Kaiser Permanente examined the effect of 
screening DRE on mortality from colorectal cancer.18  The investigators identified Kaiser 
patients ages 45 and older who died of distal rectal cancers between 1971 and 1986 and selected 
matched controls from their patient membership.  They examined medical records to determine if 
cases and controls had undergone screening DREs within a year of diagnosis and found no 
difference between groups after controlling for potential confounders (adjusted odds ratio, 0.96; 
95% CI, 0.56 - 1.7).  Checking longer periods of time before diagnosis did not change the results.  
Their findings did not support a relationship between DRE and risk reduction of death from 
distal rectal cancers, although the confidence interval was wide and did not exclude an important 
protective effect.   
Office FOBT  � The value of a single office-based FOBT obtained at the time of the DRE is 
also based on indirect evidence.  Theoretically, oFOBT should be less sensitive than the 
traditional 3-sample home-performed FOBT because only 1 sample is taken.  In addition, the 
failure to allow the degradation of vegetable peroxidases that sometimes produce false-positive 
results and the potential trauma from the examination itself have been proposed as reasons that 
the oFOBT may also be less specific (able to produce a negative result when no colorectal cancer 
is present) than a properly performed home FOBT. 
Published studies of FOBT have shown that the yield of the 3-sample card strategy is higher than 
that for the first sample card alone.  Yamamoto and Nakama found that the first test card 
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detected 58% of cancers found in a large study of FOBT in Japan.19  The second card increased 
the yield to 89% and the final card to 100%.  Almost half (42%) of the cancers detected would 
have been missed by using only the first card. 
Two studies have compared retrospectively the specificity of oFOBT and home FOBT.  Bini et 
al.  examined the records for 672 patients who were referred for colonoscopy because of a 
positive FOBT.19  The positive predictive values (PPV) for cancer were similar in each group 
(11.7% for oFOBT; 11.3% for home FOBT).  Sensitivity could not be evaluated.  Although the 
study attempted to exclude patients with abdominal signs and symptoms, the nonrandomized 
nature of the comparison made it difficult to determine if the 2 groups (those receiving oFOBT 
and those receiving home FOBT) had an equal risk for colorectal cancer.  If the risks were 
different, then these results cannot be interpreted as demonstrating equivalent specificity. 
Eisner and Lewis performed a similar study among 270 patients with positive FOBT (144 
obtained on oFOBT from a DRE, 126 on home FOBT) referred for colonoscopy.20  The 2 groups 
had a similar frequency of colonic abnormalities.  However, patients with positive oFOBT on 
DRE were mostly inpatients (77%), whereas those with positive results obtained on home FOBT 
were not (17%).  This finding suggests that the groups were not comparable, making conclusions 
about test specificity unreliable. 
 
Fecal Occult Blood Testing 
 
General Description  � The home FOBT requires the patient to collect and submit 3 stool test 
cards (each card with 2 separate stool samples from each of 3 consecutive bowel movements).  
The intervals that have been studied are every 1 or 2 years.  Because laboratory data have shown 
that certain dietary substances can cause inaccurate test results, patients are generally asked to 
restrict their diet for 3 days before and during sample collection.  The cards are then returned for 
processing. 
A positive home-FOBT result (1 or more test windows positive) requires a diagnostic 
examination with colonoscopy.  If a positive FOBT is followed by a negative colonoscopy, FOB 
testing can be suspended for at least 5 years.  A negative FOBT is repeated in 1 to 2 years, 
depending on the choice of test interval. 
A process called rehydration, in which distilled water is added to the slides just before the test 
reagents are applied, is sometimes used to increase sensitivity of the FOBT.  The increase in 
sensitivity, however, comes at the cost of decreased specificity.21  
Accuracy  � Determining the sensitivity and specificity of rehydrated or unrehydrated FOBT is 
methodologically difficult.  Traditional definitions of sensitivity and specificity are based on 
evaluations of tests at a single point in time.  Measuring the performance of a screening program 
entails multiple tests performed over time for each participant.  Because studies of longitudinal 
screening have not performed a criterion standard examination (such as colonoscopy) after each 
test iteration, data on single-test sensitivity cannot be derived directly from the existing 
longitudinal trials, although methods exist to estimate it.22  Studies that have measured the 
sensitivity and specificity of a single iteration of FOBT among truly asymptomatic subjects have 
found a sensitivity for an unrehydrated test to be approximately 40%; its specificity appears to be 
96% to 98%.  Rehydration increases sensitivity to 60% but lowers specificity to 90%.21,23,23 
Because the pretest probability for cancer is low, the majority of positive FOBT are false 
positives.  The reported PPV for unrehydrated slides among asymptomatic persons over age 50 is 
5% to 18% for any cancer and 20% to 40% for the combination of curable cancer or large 
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adenomas.21 The PPV in the large, randomized Minnesota screening trial (described below) was 
only 2.2 %, using mostly rehydrated slides.  The PPV for cancer and large polyps varied 
depending on how many of the 6 test windows were positive.  When only 1 was positive, the 
PPV was 0.9%; for 4 positives, it was 1.9%; and for 6 positives, it was 4.5%.  The PPVs for 
adenomas more than 1 cm in size were 6.0%, 7.5%, and 7.9%, respectively.24,25 
For longitudinal programs of screening, potentially more relevant global measures of test 
accuracy are the proportion of cancers identified by screening (the longitudinal analogue of 
single-test sensitivity) and the proportion of patients requiring a criterion standard examination 
but not diagnosed with cancer (the longitudinal analogue of the false-positive rate or 1 minus 
specificity).  In the annual screening arm of the 13-year Minnesota trial, which used primarily 
rehydrated test cards and had a high initial rate of participation (about 90%), 49% of patients 
who developed colorectal cancer were identified through screening; 38% of all patients had had 
at least 1 colonoscopy.  With biennial testing, 39% of cancers were detected by screening and 
28% required colonoscopy.  In the European trials in the United Kingdom and Denmark, which 
were population based and 8 to 10 years in duration, researchers used biennial testing and had 
lower rates of participation (60% to 70% completed first screen), 27% of cancers were detected 
by screening (49% of cancers occurring in participants); only 5% of patients underwent 
colonoscopy.24,26,27 
Eddy developed a model of colorectal cancer screening that projected that a patient undergoing 
annual unrehydrated FOBT from age 50 to age 75 has an estimated 45% probability of receiving 
a false-positive result.28  Long-term data are not available to validate this estimate. 
Other stool tests have been proposed to improve the accuracy of screening for fecal occult blood.  
Although some newer techniques, including quantitative measures of heme and genetic stool 
markers, hold promise, they have not been evaluated with respect to mortality reduction (as the 
Hemoccult� FOBT has been).21,29 29 

Effectiveness  � The effectiveness of FOBT for reducing colorectal cancer mortality has 
been examined directly in 3 randomized controlled trials.  All trials used the Hemoccult� test 
kit.  Among these 3 trials, risk of death from colorectal cancer was decreased by 15% to 33% 
(Table 2).  The two trials with smaller reductions in mortality (15% and 18%) were conducted in 
Europe (the United Kingdom and Denmark), randomized patients prior to agreement to 
participate and thus had lower participation rates, used biennial screening, and did not perform 
rehydration.   
The third trial, conducted in Minnesota, randomized volunteers, used annual and biennial testing, 
and rehydrated most test cards (83%).  Cumulative mortality from colorectal cancer was 33% 
lower among persons randomized to undergo annual FOBT (5.9 deaths per 1,000) than among a 
control group that was not offered screening (8.8 deaths per 1,000).  In the original report of the 
Minnesota trial, those assigned to biennial screening did not show a reduction in mortality; 
however, a recent report after 18 years of follow-up showed that a significant 21% reduction in 
mortality difference had emerged.30  Another recent report from the 18-year follow-up of the 
Minnesota trial showed that the incidence of colorectal cancer was decreased by 20% and 17% 
for the annual and biennial groups, respectively, compared with controls.25 
A fourth trial conducted in Sweden has not reported mortality results.  However, previously 
unpublished data described in the systematic review by Towler et al. suggests that the Swedish 
investigators did not find a significant mortality reduction after 2 rounds of rehydrated testing 
(RR = 0.88; 95% CI, 0.69 - 1.12).31 
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Adverse Effects  � FOB testing itself has few adverse effects, but false-positive FOBTs lead to 
further tests, such as colonoscopy, during which adverse effects may occur.  The specific adverse 
effects of colonoscopy are described below.  Theoretically, a previously negative FOBT could 
falsely reassure patients and lead to delayed response to the development of colorectal symptoms 
if a cancer were to develop, but this concern has not been evaluated empirically. 
Acceptability  � Some patients report that they find the FOBT unpleasant or difficult to 
perform.  Nevertheless, initial rates of FOBT completion when the test is ordered by the patient�s 
provider have been reported to be 50% to 70% and can be increased by an average of 14% with 
the use of a reminder system.32,33  The rates of long-term adherence have not been well studied 
except in the randomized trials of screening.  In those trials, about 50% of participants completed 
all tests in the series; 80% of initial acceptors completed the second test in the series.32  When 
offered the choice of FOBT alone, sigmoidoscopy alone, or both tests together, 36% to 53% of 
subjects in one clinic-based study preferred FOBT alone, depending on the amount of 
information provided and the imposition of co-payments for sigmoidoscopy.34 
 
Sigmoidoscopy  
 
General Description  � Sigmoidoscopic screening today is performed with a 60 cm flexible 
endoscope.  The test, also referred to as flexible sigmoidoscopy or �flex sig,� is generally 
recommended every 5 years, though no empiric data testing different intervals are available.  To 
prepare for the test, patients are usually asked to take 2 enemas the morning of the examination.  
No sedation is used.  If a screening examination detects cancer, large adenomatous polyps 
(greater than 1 cm), sessile polyps, or carcinoma in situ, a colonoscopy is then performed.  If no 
polyps are found, the sigmoidoscopy is repeated in 5 years. 
The question of which findings on sigmoidoscopy should trigger immediate colonoscopy is a 
matter of ongoing debate.  Some researchers advocate performing colonoscopy when any polyp 
is detected; others have recommended performing colonoscopy only after detection of large, 
multiple, or high-risk adenomas.  Recent data suggest, however, that although finding large or 
high-risk adenomas in the distal colon increases the chance that high-risk proximal adenomas are 
also present, the finding of small adenomas or hyperplastic polyps also increases that chance 
somewhat.  The decision about when to perform colonoscopy requires a decision about what 
chance of missing an important proximal finding is acceptable.35,36  
Accuracy  � First-time sigmoidoscopic screening in asymptomatic persons detects about 7 
cancers and 60 large or high-risk adenomas per 1,000 examinations.37  The 60-cm instrument has 
an average depth of insertion of 40 to 50 cm.  It will reach the proximal end of the sigmoid colon 
in 80% of examinations.38  Because the sigmoidoscope can examine only the distal portion of the 
colon, important proximal lesions may not be identified.  The actual proportion of patients who 
will have an important proximal lesion missed, however, will include only those patients who do 
not have any distal lesions that would trigger colonoscopy. 
Two recent studies have examined the question of what proportion of patients with cancer or 
advanced adenomas will be missed with sigmoidoscopy, stratifying their results on the basis of 
different potential rules for which findings on sigmoidoscopy trigger full colonoscopic 
examinations.35,36  Lieberman et al.  conducted such a study among 3,121 patients in the 
Department of Veterans Affairs system.35  They found that 80% of the 329 patients with 
advanced adenomas (defined as adenomas that were over 1 cm in size, multiple, or had villous 
features) had at least one adenoma (of any size) in the distal colon, defined as distal to the 
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splenic flexure.  If the distal colon were defined as only the rectum and sigmoid, this figure fell 
to 68%.  The type of distal adenoma was associated with the likelihood of an advanced proximal 
lesion, but the finding of no distal lesion did not rule out the possibility of a proximal lesion. 
Imperiale et al. conducted a similar study among 1994 adults ages 50 and older, who were taking 
part in a workplace screening program.36  Overall, 104 patients had advanced neoplasms, defined 
as those lesions larger than 1 cm or having villous features, high-grade dysplasia, or carcinoma 
in situ.  Overall, sigmoidoscopy would have detected 81 of the 104 patients with advanced 
lesions (78%).  Assuming patients with an advanced distal finding all would under colonoscopy.   
Sigmoidoscopy can also produce false-positive results, by detecting either hyperplastic polyps 
that do not have malignant potential or adenomatous polyps that are unlikely to become 
malignant during the patient's lifetime.  Studies of diagnostic accuracy cannot measure whether 
adenomas (small or large) identified and removed would have gone on to become cancers, so 
investigators have not typically counted them as false positives.  This decision means that 
evaluation and comparison with other methods such as FOBT are difficult. 
Effectiveness  � Thiis-Evensen et al performed a small randomized trial of sigmoidoscopy 
screening in Norway.39  In 1983, they randomized 799 men and women ages 50-59 drawn from a 
population registry to be offered screening flexible sigmoidoscopy (400 patients) or to be 
controls (399 patients).  Intervention patients were contacted and asked to participate in 
screening; control patients were not contacted until the study's conclusion in 1996.  All patients 
with polyps on sigmoidoscopy underwent immediate diagnostic colonoscopy and had 
surveillance examinations 2 and 6 years later.  All study participants (intervention and control) 
were offered endoscopic testing in 1996. 
Of the 400 intervention patients, 324 (81%) agreed to have sigmoidoscopy in 1983.  
Approximately 34 percent (34.6%) were found to have at least one polyp, (defined as any 
circumscribed, elevated lesion) and 1 person was found to have cancer on the initial examination.  
Over the 13-year course of the trial, 2 colorectal cancers were diagnosed in the intervention 
group and 10 in the control group (RR for colorectal cancer incidence = 0.2; 95% CI, 0.03 - 
0.95).  One person who was assigned to the intervention group, but who never had a screening 
examination, died from colorectal cancer; 3 deaths occurred in the control group (RR = 0.50; 
95% CI, 0.10 - 2.72).  Overall mortality was higher in the intervention group than in the control 
group (14% vs. 9%; RR=1.57; 95% CI, 1.03 - 2.40), mostly because of an excess of 
cardiovascular deaths.  There was no clear relationship between the excess deaths and any 
complications from the procedures.  The authors reported only 1 complication (water 
intoxication from an excessive preparation regimen) in 788 colonoscopic examinations, 432 
sigmoidoscopic examinations, and 1,734 polypectomies.   

These data suggest that sigmoidoscopic screening with colonoscopic follow-up for any 
positive finding may be effective in reducing the incidence of future colorectal cancer.  They also 
suggest the possibility of a reduction in mortality from colorectal cancer, although the study was 
too small to estimate precisely the magnitude of benefit. 
Two ongoing trials using flexible sigmoidoscopy can be expected to report their initial results 
within 5 years.  One trial is examining the effect of once-in-a-lifetime sigmoidoscopy in the 
United Kingdom;37 a second trial in the United States is examining sigmoidoscopy every 5 years 
with the assumption that patients are receiving FOBT as well.40 
Well-designed case-control studies have provided important information on the effectiveness of 
sigmoidoscopy screening.  Selby et al.  examined data from Northern California Kaiser 
Permanente and found that 9% of persons who died of colorectal cancer occurring within 20 cm 
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of the anus had previously undergone a rigid sigmoidoscopic examination, whereas 24% of 
persons who did not die of a cancer within 20 cm of the anus had received the test.41  The 
adjusted odds ratio of 0.41 (95% CI, 0.25-0.69) suggested that sigmoidoscopy screening reduced 
the risk of death by 59% for cancers within reach of the rigid sigmoidoscope.   
The investigators noted that the adjusted odds ratio for patients who died of more proximal colon 
cancers was 0.96.  This finding added support to the hypothesis that the reduced risk of death 
from cancers within reach of the rigid sigmoidoscope could be attributed to screening rather than 
to confounding factors.  The risk reduction associated with sigmoidoscopy screening did not 
diminish during the first 9 to 10 years after the test was performed.41  Although the Selby et al.  
study mostly used rigid sigmoidoscopes, in another case-control study supporting the 
effectiveness of sigmoidoscopy, 75% of the examinations were performed with a flexible 
instrument.42 

Adverse Effects  � Estimates of bowel perforations from sigmoidoscopy have generally 
been in the range of 1 to 2 per 10,000 examinations or lower, particularly since the introduction 
of the flexible sigmoidoscope.43  Atkin et al.  recently reported initial results from their 
sigmoidoscopy screening trial.37  Experienced endoscopists performed sigmoidoscopy in 1,235 
asymptomatic adults ages 55 to 64 years; 288 patients had polyps removed during the 
examination.  Adverse effects, including pain, anxiety, or any degree of bleeding, were assessed 
by a written questionnaire immediately after the test and by a postal questionnaire 3 months later.  
Of all subjects, 3.2% (40/1,235) reported bleeding (16/288 or 5.5% after polypectomy; 24/947 or 
2.5% of only diagnostic studies); 1 patient required admission; none required a transfusion.  Of 
all subjects, 14% reported moderate pain and 0.4% reported severe pain.  More than 25% of 
patients reported gas or flatus.  No perforations were reported, but 1 patient died from peritonitis 
after a complicated open surgical procedure to remove a severely dysplastic adenoma.  A recent 
study of endoscopic complications from the Mayo Clinic in Arizona identified 2 perforations 
during sigmoidoscopy out of 49,501 procedures.44   

Acceptability  � Studies examining the acceptability of sigmoidoscopy to patients have 
reached mixed results, depending on the setting and whether the evaluation was prospective or 
retrospective.  Studies conducted in primary care settings have found rates of adherence of 25% 
to 50% for the initial test, but data are insufficient to predict the proportion of patients who will 
continue to complete subsequent examinations in a program of screening. 32  When given 
information about screening options and offered the choice of FOBT alone, sigmoidoscopy 
alone, or both tests together, most patients in an academic internal medicine clinic preferred both 
tests or FOBT alone; only 8% to 13% preferred sigmoidoscopy alone, suggesting that patients 
willing to undergo sigmoidoscopy usually are also interested in FOBT. 34   
Verne et al., compared the acceptability of FOBT alone, flexible sigmoidoscopy alone, or the 
combination of the 2 tests in a randomized controlled trial.45  They identified 3,933 patients ages 
50 to 75 years from the registry of a general practice in Great Britain.  One of the investigators, a 
practitioner in the clinic, excluded 5% of the patients as ineligible because they had died, moved 
away, been diagnosed previously with colorectal cancer, or had been recently screened.  
Potentially eligible subjects were randomized to receive by mail an invitation to FOBT, 
sigmoidoscopy, or both tests.  Those invited to do FOBT received the Hemoccult� cards in the 
mail; those invited to do sigmoidoscopy were sent an appointment and the preparatory material.  
Those randomized to be offered both tests were asked to do the FOBT first. 

Subjects assigned to sigmoidoscopy alone were more likely to complete their test than 
subjects assigned to FOBT (47% vs. 32%).  Subjects offered both tests completed them both 
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30% of the time.  More subjects in the combined group completed sigmoidoscopy than FOBT 
(38% vs. 32%).45,46  
 
FOBT and Sigmoidoscopy 
 

General Description  � The strategy of combining FOBT every year and 
sigmoidoscopy every 5 years involves many of the same issues that are described for each test 
individually.  If either test is positive, colonoscopy is performed.  Therefore, in a year in which 
both tests are due, it is prudent to perform FOBT first, so that if it is positive, colonoscopy can be 
performed instead of sigmoidoscopy. 

Effectiveness  � Currently no randomized trials with colorectal cancer mortality as an 
endpoint compare the performance of FOBT alone or sigmoidoscopy alone against a strategy of 
performing both tests.   
Winawer et al. conducted a nonrandomized study of more than 12,000 first-time attendees at a 
preventive health clinic in New York.47  Participants were assigned to 1 of 2 groups.  The control 
group received a rigid sigmoidoscopy examination at the first visit and was invited to return for 
annual re-checks.  Intervention patients received the rigid examination and were also asked to 
complete Hemoccult� FOBT cards.  Patients with adenomas more than 3 mm on 
sigmoidoscopy or a positive FOBT underwent full colonic examination with barium enema and 
colonoscopy.  Few subjects continued to participate after the first examination (20% had FOBT 
at year 2 and 15% at year 3).  Incidence of colorectal cancer and mortality were assessed over a 
9-year period; follow-up data were available for 97% of subjects. 
Demographic and clinical data suggest that the groups were comparable, despite the absence of 
randomization.  More colorectal cancers were detected on initial examination among intervention 
patients than control patients (4.5 vs.  2.5 per 1,000 participants).  Incidence rates (cancers 
detected after the initial examination) were similar between groups (0.9 per 1,000 person-years 
in each group).  Colorectal cancer mortality was 0.36 per 1,000 patient years in the intervention 
group and 0.63 per 1,000 patient-years among controls (p = 0.11). 
Thus, adding FOBT to rigid sigmoidoscopy appears to increase the yield of initial screening and 
may reduce mortality.  Because rigid sigmoidoscopy is no longer used for screening, the 
generalizability of these results to the use of FOBT plus flexible sigmoidoscopy is unclear.  It is 
also unclear if the incremental yield of combined screening will change after additional rounds of 
testing. 
Accuracy  � Recent randomized trials from Europe have examined the additional diagnostic 
yield from performing sigmoidoscopy in addition to FOBT at one point in time for patients who 
were not part of an ongoing screening program.   
Berry et al.  randomized patients in the UK to receive an invitation for FOBT alone or an 
invitation for FOBT followed by an invitation for flexible sigmoidoscopy.48  They examined the 
rate of acceptance of the tests and the yield for �significant neoplasia� (cancers or large polyps).  
Subjects had a mean age of 61 and slightly more than half were women.   
The investigators found that about 50% of subjects in each group accepted and completed FOBT.  
Of those accepting FOBT in the combined testing arm, 20% also accepted sigmoidoscopy.  In 
the FOBT only group, 6 significant lesions were detected (4 large polyps, 2 cancers) a yield of 
2/1000 patients randomized.  In the combined group, 7 patients had significant lesions based on 
FOBT (6 had large polyps, 1 had cancer).  The addition of sigmoidoscopy identified 20 
additional patients with large polyps and 2 additional patients with cancers, a yield of 8.9/1000 



Screening for Colorectal Cancer in Adults  

 14

patients randomized.  Therefore, the additional yield of important lesions was 6.9 per 1,000 
patients randomized for combined testing, despite the low uptake of sigmoidoscopy.  Among 
patients completing their tests, the yield for the combined strategy was 44.2 per 1,000 compared 
with 4.2 per 1,000 in the FOBT-only group. 
Rasmussen et al.  performed a similar trial in Denmark.49  They randomized almost 11,000 
residents of Funen, Denmark, to be offered either a single FOBT or a FOBT and a flexible 
sigmoidoscopy.  Among those randomized to FOBT alone, 56% completed the test.  In the 
FOBT-plus-sigmoidoscopy group, 40% completed both tests, 2% completed one of the assigned 
tests but not the other, and 58% did not complete any test.  In the FOBT-only group, 73 subjects 
had a positive test (2.4% positive rate); 4 patients were found to have cancer, 14 had large 
polyps, 7 had small polyps, and 48 were false positives.  In the combined testing group, 488 of 
2,222 subjects (22%) had a positive test, defined as a positive FOBT or the finding of any polyp 
larger than 3 mm or cancer on sigmoidoscopy.  Of the 488 positives, 12 had cancer, 72 had large 
polyps, 181 had small polyps, and 223 were false positives.  Many of the neoplasms were 
detected only by sigmoidoscopy (5 of 12 cancers, 60 of 72 large polyps, 175 of 181 small 
polyps); no cancers and only 1 large polyp were detected by a positive FOBT when the 
sigmoidoscopy was negative. 

The investigators also used cancer registry data to examine the effect of screening on 
colorectal cancer incidence 2 to 5 years after the tests were performed.  The total numbers of 
cancers diagnosed in each group were equal, but more cancers in the FOBT-only group were 
detected clinically rather than by screening (18 of 22 for FOBT only versus 8 of 20 for those 
assigned to both tests, p = 0.01).  Cancers detected clinically were more advanced in stage than 
those detected by screening, but the trial was not powered sufficiently to examine the effect on 
mortality. 

Verne et al. used data from a general practice in Great Britain to examine the yield of 1 
round of screening for patients assigned to FOBT alone, flexible sigmoidoscopy alone, or both 
tests together.45  All persons with a positive FOBT underwent colonoscopy.  Persons with large 
polyps on sigmoidoscopy underwent colonoscopy as well.  Persons with polyps less than 5 mm 
detected in the rectum on sigmoidoscopy were biopsied: those with hyperplastic polyps did not 
undergo colonoscopy, but those with adenomas did.  
Seven patients had a positive FOBT: 1 had a Duke's Stage C cancer, 1 had a large (2 cm) 
adenoma; 1 a single 2 mm adenoma; and 1 had 2 small adenomas.  The 3 other patients had no 
findings.  What proportion also had positive sigmoidoscopies was not clear. 
Among the 401 subjects who completed both tests, 31 had adenomas on sigmoidoscopy (all less 
than 1 cm) and 1 had a Stage A cancer.  This cancer and 30 of the 31 polyps were negative on 
FOBT.  These findings suggest that adding sigmoidoscopy significantly increases the yield over 
FOBT alone.  The data are insufficient to determine the additional yield of adding FOBT to 
sigmoidsocopy alone.45  
Thus, the combination of FOBT and sigmoidoscopy apparently has a greater yield for significant 
neoplasia (cancers and large polyps) than does FOBT alone.  According to data from the 3 
European trials, adding FOBT does not seem to increase the yield obtained with sigmoidoscopy 
alone, after one round of testing.45,47,49-51   Winawer et al., however, did find an increased yield 
from adding FOBT to rigid sigmoidoscopy and also showed a mortality reduction that was of 
borderline statistical significance; the data are limited because the compliance was very low for 
subsequent rounds of testing.47  The incremental yield of combined testing after the first round 
may be different, but its impact has not been fully evaluated. 
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Adverse Effects  � The adverse effects for the combined strategy of FOBT and sigmoidoscopy 
are the sum of the adverse effects of each test alone. 

Acceptability  � The acceptability of doing both FOBT and flexible sigmoidoscopy is 
affected by the downsides and effort of both tests.  Nevertheless, data from an academic internal 
medicine clinic suggest that more than one-third of informed patients prefer to have both tests 
rather than either one alone.34  Verne et al.  found that adherence to combined testing was lower 
than that for sigmoidoscopy alone or FOBT alone (signoidoscopy alone 47%, FOBT alone 32%, 
both tests 30%).45  The acceptability of both tests compared with colonoscopy or barium enema 
has not been evaluated. 
 
Double Contrast Barium Enema 
 
General Description  � The double contrast barium enema (DCBE) is a radiologic test in 
which barium and air are instilled in the colon and x-rays are made in various positions.  Patients 
usually prepare for the test with a laxative the night before the examination, a clear liquid diet, 
and 1 or 2 enemas the morning of the test.  The examination itself takes 20 to 40 minutes.  No 
sedation is used.  If the test is positive, a colonoscopy is performed; if it is negative, it is repeated 
in 5 years. 
Accuracy  � We identified 12 studies from our literature search that met our criteria for 
inclusion in the analysis of the accuracy of DCBE in the diagnosis of colorectal cancer or 
adenomatous polyps.50-61 
Many of the studies of DCBE accuracy were performed in patients with known disease; some of 
these patients had originally been diagnosed because of a positive DCBE and thus may 
overestimate accuracy.  Others have looked retrospectively at patients with known disease to 
determine whether a barium enema had been performed within some period before diagnosis.  In 
these studies, the sensitivity can be distorted depending on the time interval before diagnosis that 
is examined for �false negative� DCBE examinations.  In addition, these patients (who had 
DCBE for some indication) may differ systematically from screening patients. 
In general, these studies have found sensitivity levels of 80% to 90% for cancer, but these data 
cannot be extrapolated to screening with confidence.  Bloomfield, in his prospective study from 
Australia, examined the sensitivity and specificity of DCBE for colorectal cancer and polyps;54 
he found that sensitivity was 86% and specificity was greater than 95% when detection of either 
a polyp or cancer was considered to be a positive finding. 
The ideal study for measuring the accuracy of DCBE would examine test performance among a 
sample of asymptomatic patients undergoing screening.  Each patient would have a DCBE 
examination, followed by a colonoscopy performed by an examiner masked to the result of the 
barium enema.  In the event that lesions identified on DCBE were not seen on colonoscopy, a 
repeat unmasked colonoscopic examination would be performed immediately after the first 
colonoscopy to determine if a lesion was truly present.  Results would be reported separately for 
large adenomatous polyps and cancer.  Such a study has not been performed to date; sensitivity 
and yield will likely be higher on the first examination than they will on subsequent 
examinations of patients who initially test negative. 
The National Polyp Study is a randomized trial of different intervals of surveillance 
(examinations at 1 and 3 years vs 3 years only) after polypectomy.  In this study, Winawer et al.  
measured the accuracy of DCBE as compared with colonoscopy, using the technique of 
comparing DCBE with masked and then unmasked colonoscopy.62  A total of 580 patients (74% 
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men, 61% over age 60) who had been diagnosed with adenomatous polyps had 1 or more paired 
examinations 1, 3, or 6 years after initial detection and removal of polyps.  The paired 
examination consisted first of a colonoscopy performed by an endoscopist masked to the DCBE 
result; after the first test, any lesions identified on DCBE that had not been detected on the first 
colonoscopy were then looked for again on a second examination.  The sensitivity of DCBE 
(compared to colonoscopy) for polyps less than 0.5 cm was 32% (95% CI, 25%-39%); for polyps 
0.6 to 1 cm, it was 53% (95% CI, 40% -66%); for polyps larger than 1 cm, including 2 cancers, it 
was 48% (95% CI, 24%-67%).  Of 470 examinations in which no polyps were identified on 
colonoscopy, barium enema was positive in 83 (specificity 85%).   
The Winawer et al.  study examined patients who recently had had colonoscopy and removal of 
all polyps.  Their results, therefore, may have limited generalizability for screening, because 
screening is a situation in which most subjects will not have had a recent colonoscopic 
examination and polypectomy and hence may be more likely to have large polyps or cancers.  
However, the low sensitivity for large polyps found in this study is of concern and may limit the 
effectiveness of screening with DCBE. 
Effectiveness  � No trial has examined the ability of screening barium enema to reduce the 
incidence or mortality from colorectal cancer. 
Adverse Effects  � The estimated risk of perforation during barium enema is low.  In the study 
from Kewenter and Brevinge, no perforations or other complications occurred among the 1,987 
screening patients undergoing barium enema as part of their screening work-up.63  Blakeborough 
et al.  surveyed UK radiologists about the complications of barium enema during a 3-year period 
from 1992 through 1994.64  All examinations were included, whether they were performed for 
patients who were acutely ill or not.  Important complications of any type occurred in 1 in 10,000 
examinations.  Perforation occurred in 1 of 25,000 examinations; death occurred in 1 in 55,000 
examinations, although whether such deaths resulted from the procedure is not clear.   
Acceptability  � Patients� acceptance of barium enema screening has not been evaluated.  
Studies examining the relative discomfort of barium enema and colonoscopy have produced 
inconsistent results. 65,66  
 
Colonoscopy 
 

General Description  � Colonoscopy has not been widely used as a screening test, 
although several centers have been testing its feasibility and accuracy.35  No testing interval has 
been examined empirically, though testing every 10 years is the most commonly considered 
strategy.  Some experts have advocated a once-in-a-lifetime examination between 55 and 65 
years of age.13   

The bowel cleansing preparation can be difficult.  It may require that patients drink 
several liters of nonabsorbable laxative the night before the test or use a powerful laxative.  The 
test itself is performed with conscious sedation and lasts 20 to 40 minutes.  Patients need to have 
someone accompany them to the examination and drive them home.  They are unable to return to 
work the same day, and some may miss a second day of work.67   

Colonoscopy allows the biopsy and removal of polyps at the time of the screening 
examination itself.  If cancer is detected, further assessment and treatment can be pursued.  If the 
test is negative, it is repeated at 10 years. 
Accuracy  � The accuracy of colonoscopic screening is difficult to evaluate because 
colonoscopy is commonly used as the criterion standard exam, making the calculation of 
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sensitivity difficult.  One method of evaluating sensitivity, tandem colonoscopic examinations, 
has found that the sensitivity is 90% for large adenomas and 75% for small adenomas (less than 
1 cm); sensitivity for cancer is likely to be greater than 90%.68   
The recent identification of flat lesions that can be missed on regular colonoscopy suggests that 
some histologic variants do not pass through the same process of detectability as is proposed in 
the typical adenoma-carcinoma sequence.69  If flat lesions account for 10% of all adenomas, 
sensitivity of all endoscopic screening may be lower than previously thought.   
The specificity of colonoscopy with biopsy is generally reported to be 99% or 100%, but this 
assumes that all adenomas that are detected represent �true positives.�  For all forms of 
screening, most adenomas that are detected, especially small adenomas, will never develop into 
cancer.  If detection of an adenoma that will not become cancer is considered a false positive that 
subjects a patient to risk without benefit (see complications below), then the actual �specificity� 
is much lower. 
Effectiveness  � The ability of colonoscopy to prevent colorectal cancer cases or mortality has 
not been measured in a screening trial.  The National Polyp Study estimated that 76% to 90% of 
cancers could be prevented by regular colonoscopic surveillance examinations, based on 
comparison with historic controls.62  However, these results should be interpreted with caution, 
because the comparison groups were not from the same underlying population, which could 
introduce bias.  In addition, the participants in the trial all had had polyps detected and removed, 
which limits their generalizability to the average screening population. 
Muller and Sonnenberg, in a case-control study at VA hospitals, found that patients diagnosed 
with colorectal cancer were less likely to have had previous endoscopic procedures:  the odds 
ratio for colon cancer was 0.51 (95% CI, 0.44-0.58) and for rectal cancer, 0.55 (95% CI, 0.47-
0.64).70  When colonoscopy was considered alone, the odds ratios were 0.47 (95% CI, 0.37-0.58) 
and 0.61 (95% CI, 0.48-0.77), respectively. 
The reduction in colorectal cancer incidence and mortality from prevention and early detection 
with screening colonoscopy every 10 years has been estimated in recent colorectal cancer 
screening models to be 58% (incidence reduction) and 61% (mortality reduction).71 

Adverse Effects and Costs  � Colonoscopy, which requires sedation and skilled 
support personnel, is more expensive than other screening tests and has a higher risk of 
procedural complications, particularly when polypectomy is performed.  The use of conscious 
sedation adds the risk of complications attributable to the anesthetic. 

We conducted a systematic review of studies examining the principal complications of 
colonoscopy.  We focused on hemorrhage and perforation but noted the less frequent 
complications of death, infections, sedation-related events, and chemical colitis as well.  We 
identified 19 articles that examined complications of colonoscopy (see Table 3). 35,36,43,44,67,72-85  
Two recent studies examined the incidence of complications from colonoscopy performed in 
screening populations.35,36  One study was conducted among patients in Veterans� Affairs 
medical centers and another among employees of a large corporation using experienced, highly 
skilled endoscopists.  In the VA study by Lieberman et al, 10 of 3121 patients (0.3%) had major 
complications during or immediately following the procedure, including 6 who had bleeding 
requiring hospitalization and 1 each with a stroke, myocardial infarction, Fournier�s gangrene, 
and thrombophlebitis.35  Three other patients died within one month, though the authors did not 
believe the deaths to be related to the procedure.  In the study by Imperiale et al, 1994 patients 
ages 50 and older underwent colonoscopy.36  One (0.05%) had a perforation that did not require 
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surgery and 3 (0.15%) had bleeding that required emergency room visits but not admission or 
surgery.  There were no deaths. 

Apart from these 2 screening studies, most of the studies we identified were retrospective 
reviews of endoscopy records from US university hospitals.  Publication dates ranged from 1982 
to 2000 for reviews of data between 1972 and 1997.  Two studies used prospective data 
questionnaires to assess complications more fully.67,73 

Fewer than half of the studies distinguished between diagnostic and therapeutic 
procedures (those in which a polypectomy was performed).  The proportion of patients 
undergoing screening, follow-up, or surveillance examinations versus procedures for 
symptomatic processes varied among the studies included; moreover, this information was not 
reported for several studies, making extrapolation to screening difficult. 
The rates of perforation for diagnostic procedures were low, ranging from 0.029% to 0.61%.  
Most studies did not give the rate of post-colonoscopy bleeding following diagnostic procedures.  
In 1 prospective study of 250 patients undergoing diagnostic procedures no bleeding events and 
no perforations had occurred after 24 hour follow-up.67  The complication rates for therapeutic 
procedures were higher: 0.07% to 0.72% for perforations and 0.2% to 2.67% for bleeding.  
Deaths occurred infrequently and were more likely to occur in symptomatic patients with acute 
problems or those with comorbid conditions.  The death rates reported ranged from 0.0037% to 
0.06%.  The mortality rate for screening may be on the lower end of this range; 1 cost-
effectiveness analysis estimated it as 1 per 20,000 patients.23  Other clinically relevant 
complications were identified too infrequently and measured too inconsistently to estimate 
accurately their true incidence. 
The limited number of screening studies and reliance upon information extracted from the 
written record or databases in the majority of other studies limit the quality of the data and their 
ability to accurately inform estimates of possible adverse effects from colonoscopy screening.  
Publication bias may also affect the accuracy of our estimates, because centers with better rates 
of complications may be more likely to publish their data.  In addition, reports that present only 
an overall complication rate that mixes diagnostic and therapeutic procedures are less helpful, 
because the single (combined) rate probably overstates the complication rate for diagnostic 
procedures and underestimates it for therapeutic procedures.   
Acceptability  � One study has examined informed patient preferences for colonoscopy 
compared with other methods of screening in a population of patients that had considerable 
previous screening experience.  The investigators found that a plurality (38%) preferred 
colonoscopy.86 
 
Computed Tomography Colography 
 

General Description  � CT colography, also known as �virtual colonoscopy,� has 
recently begun to be considered as a means of screening for colorectal cancer.  The examination 
currently requires a preparation similar to colonoscopy, followed by installation of air through a 
rectal tube.  CT scan images are then made of the colon, and a computer reconstructs them into 
virtual images of the colonic lumen.  The test can be performed in 10 to 15 minutes.  If the test is 
positive, the patient will need to undergo colonoscopy.  If negative, they will presumably be 
rescreened after some interval. 

Effectiveness  � No studies have evaluated the effectiveness of CT colography in 
reducing morbidity or mortality from colorectal cancer. 
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Accuracy  � Several studies conducted in research settings among highly skilled 
radiologists have evaluated the accuracy of CT colography compared with that of colonoscopy.87 
87,88 Initially reported sensitivity and specificity values for cancers and large polyps were in the 
range of 85% to 90%, but recent reports have suggested lower levels of accuracy for less 
experienced examiners.  Small and flat polyps are less well visualized on CT colography than are 
cancers and large polyps. 

Adverse Effects  − The data are currently insufficient to measure the frequency of 
complications with CT colography. 

Acceptability  − The acceptability and feasibility of CT colography have not been 
examined. 
 
When to Start or Stop Colorectal Cancer Screening 
 

Information on the optimal age to begin or end screening and the frequency with which it 
should be performed is limited.  The age groups in which screening has been shown to decrease 
mortality are ages 50 to 80 years for FOBT and age 45 and older for sigmoidoscopy.31,41  
Theoretically, the potential yield from screening should increase beyond age 50 because the 
incidence of colorectal cancer after this age doubles every 7 years.1  Eddy�s cost-effectiveness 
model suggests that beginning screening at age 40 rather than at age 50 offers less than a 1-day 
average improvement in life expectancy.28 
We found no direct evidence to allow determination of the proper age for discontinuing 
screening.  The randomized trials of screening suggest, however, that several years of life 
expectancy may be required to realize the benefits of screening.  The optimal interval for 
screening is less certain for sigmoidoscopy than for FOBT, for which there is good evidence of 
benefit from annual and biennial screening, although annual screening appears to be more 
effective.   
 
Cost and Cost-effectiveness  
 
Several analyses have examined the cost-effectiveness of colorectal cancer screening.  Our 
systematic review of such analyses (to be reported in a separate paper89) included studies of the 
cost-effectiveness of individual screening modalities compared with no screening and those that 
compared different modes of screening.   
We identified 6 high-quality cost-effectiveness analyses.  For 5 studies, we used the most recent 
complete publication.23,28,71,89-91 [Vijan et al., personal communication]  In general, the studies 
focused on the impact of screening on a cohort of adults ages 50 and older who had been 
screened at regular intervals from ages 50 to 85 or death.  Each analysis considered direct costs; 
none considered indirect costs such as the cost of the time required to perform screening or 
treatment.  Most used fee schedules of Medicare or other payers to estimate costs.  Results were 
presented as average or incremental cost in dollars per life-year saved.  None attempted to 
quality-adjust the value of the life-years. 
Our main analyses (Table 4) show average cost-effectiveness ratio values (costs per life-year 
saved) for each of the major strategies standardized to year 2000 dollars.  Nearly all show cost-
effectiveness ratios less than $30,000 per life-year saved, supporting the finding that, compared 
with no screening, any reasonable strategy appears to be cost-effective using common US 
thresholds.   
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Five teams examined the incremental cost-effectiveness of different strategies.[Vijan et al., 
personal communication]23,71,90,91Their conclusions about which test(s) were most effective and 
least costly varied between analyses and within analyses, depending on assumptions about the 
biologic behavior of colorectal cancer, adherence, and costs of colonoscopy (Table 5).  Of the 
studies considering each major strategy, some found annual FOBT plus sigmoidoscopy every 5 
years to have the best performance; others favored colonoscopy every 10 years.  The Sonnenberg 
et al.  analysis favored colonoscopy as well, but it did not evaluate the strategy of FOBT plus 
sigmoidoscopy.91   

 
Screening Patients at Higher than Average Risk of Colorectal Cancer 
 
As noted in the introduction, patients at increased risk of colorectal cancer account for about 
30% to 35% of colorectal cancer cases.  Considering screening patients at highest risk, such as 
those with rare hereditary syndromes and inflammatory bowel disease including ulcerative 
colitis, was beyond the scope of this review; such patients may require special care including 
genetic counseling.  Patients with a family history of colorectal cancer are commonly 
encountered in primary care.  They can be identified by systematic elicitation of family histories 
as a routine part of preventive care.  Little direct evidence, however, guides the initiation, 
frequency, and intensity of screening for these patients.  Guidelines based on expert opinion and 
information about the natural history of the disease have recommended beginning screening 10 
years before the age at which the family member had been diagnosed.3,8 
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Chapter 4. Discussion 
 
Overall Findings of Effectiveness and Cost-Effectiveness 
 
Our systematic review supports the effectiveness of screening as a means of reducing colorectal 
cancer mortality.  Table 6 summarizes the strength of evidence supporting each of the different 
means of screening for colorectal cancer.  For FOBT, 3 high-quality randomized trials have 
shown disease-specific mortality reductions of 15% to 33% over 8 to 13 years.  High-quality 
case-control studies have shown that sigmoidoscopy and possibly colonoscopy are associated 
with decreased mortality within the reach of the scope.  The combined strategy of FOBT and 
sigmoidoscopy is supported by 1 nonrandomized trial showing reduction in mortality with the 
addition of FOBT to rigid sigmoidoscopy 47 and by indirect evidence showing increased yield 
with both tests compared with FOBT alone.   

Although barium enema or virtual colonoscopy have not been studied as extensively as 
other modalities for screening, some indirect evidence suggests that they may also be effective 
but further data are required in screening populations.  Multiple cost-effectiveness analyses have 
combined these indirect data and estimated that screening by any of the commonly considered 
strategies appears to prevent morbidity and mortality with cost-effectiveness ratios that compare 
favorably with other acceptable preventive strategies, such as mammography in women over age 
50.   
Although colorectal cancer screening is supported by strong direct and indirect evidence, current 
data are insufficient to define which strategy is most effective or cost-effective.  In the face of 
good general evidence supporting screening but uncertainty about the most effective method for 
doing so, providers and patients may benefit from discussing the pros and cons of the different 
methods and incorporating patients� preferences in the decision about how to screen.  Future 
developments with respect to new screening modalities, better chemoprophylactic agents, and 
improved understanding of the effects of diet and exercise on disease incidence may change the 
available options for reducing disease burden in average-risk patients. 
 
Future Research Needs  
 
Several areas of colorectal cancer screening and prevention warrant additional research.  First, 
there is a critical need to learn more about adherence to screening among informed patients.  
Second, we need better data on the real-world complication rates of colonoscopic screening and 
polypectomy, including whether complications become more or less likely as volume increases.  
The accuracy of barium enema, virtual colonoscopy, and genetic stool tests (or other novel 
noninvasive tests) should be evaluated in screening populations.  Some have called for a 
randomized trial of colonoscopy to determine its actual effectiveness.  The cost of such a trial, 
particularly if colonoscopy were to be compared to other screening modalities rather than to no 
screening, would be quite high; and many years of follow-up would be required for differences 
to emerge.  Additional data from randomized trials are also needed to help improve 
understanding of the effectiveness of chemopreventive agents such as nonsteroidal anti-
inflammatory drugs, calcium, or estrogen.  Behavioral factors, including physical activity, 
dietary fat, dietary fiber, and fruit and vegetable consumption, appear to be related to colorectal 
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cancer incidence; further research is needed to determine better if these relationships are causal 
or are the result of uncontrolled confounding.   
Despite its apparent effectiveness, colorectal cancer screening is currently underutilized by age-
eligible adults.  The multiple reasons for low utilization include patient-, provider-, and system-
specific barriers.32  Effective colon cancer screening requires an ongoing effort.  Screening with 
FOBT, for example, requires offering testing to 1,000 people for 10 years to save 1 life.  
Although this level of effort may seem inefficient or low yield, the potential benefit is large and 
the costs per person are small, thus, the cost-effectiveness ratio is very favorable compared with 
other preventive measures.  Several strategies have shown effectiveness in raising screening 
rates, at least in some settings over the short term.  These include reminder systems, patient 
decision aids, and mass screening efforts through employers or other organizations.  Further 
research is needed to determine whether such systems can maintain their effect over time. 
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Table 1. Relative Risk of Colorectal Cancer 

Risk Factors 
Relative Risk 

(95% CI) 

Family history of colorectal cancer in a first-degree relative before age 603 1.7 - 4.0* 

Family history of  adenomatous polyps in a first-degree relative before age 608 1.8 
(1.2, 2.7) 

Personal history of breast cancer9 1.1 
(1.0, 1.2) 

Personal history of endometrial cancer 12,13  

     Diagnosis before age 50 3.4 
(2.7, 4.2)� 

     Diagnosis age 50-64 0.93  
(1.2, 1.8) 

Personal history of ovarian cancer12,13   

     Diagnosis before age 50 3.7 
(2.7, 4.8) 

     Diagnosis age 50-64 1.5 
(1.2, 1.8) 

* For patients age 40-60; older patients appear to have lower risk. 
� 95% confidence interval CCI. 
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Table 2. Trials of Fecal Occult Blood Test 

Trial Characteristics Minn* UK� Denmark� 

Frequency of testing Annual Biennial Biennial Biennial 

Duration of follow-up years 18 18 8 10 

Hydration of slides Yes Yes No No 

Requiring colonoscopy, % 38% 28% 5% 5% 

Mortality reduction, % 33% 21% 15% 18% 

 

* Minn = Minnesota; Source = Mandel et al., 1999.30  
�  UK = United Kingdom; Source =  Hardcastle et al., 1996.26 

�  Source = Kronborg et al., 1996.27 
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Table 3. Complications of Colonoscopy 

Study 

Study Design 
(inclusive 

years) Setting 
Total 

Procedures
Perforation 

Rate (All) 
Bleeding 
Rate (All) 

Total Therapeutic 
Procedures 

Perforation 
Rate- 

Therapeutic 
Bleeding Rate- 

Therapeutic 
Mortality 

Rate 

Newcomer 
et al., 
199967 

Prospective 
enrollment 
phone survey 
1 week after 
procedure 

Community 
based 
multispecialty 
clinic 

250 NR* NR 0 0 0 0.0000% 

Eckardt 
et al., 
1999 72 

Prospective 
evaluation of 
complications 
(1995-1997) 

Referral 
center 

2500 0.08% 0.24% 429 0.23% 1.40% 0.0000% 

Zubarik 
et al., 
199973  

Prospective Referral 
center 

1196 NR 2.10% NR 0 NR 0.0000% 

Wexner 
et al., 
199874 

Retrospective 
review 

Two centers 2069 0.15% 0.10% 353 0.85% 0.57% 0.0000% 

Farley et 
al., 
199775 

Retrospective 
review (1980-
1995) 

Referral 
center 

57,028 0.08% NR NR NR NR NR 

Foliente 
et al. 
199676 

Retrospective 
review (1987-
1993) 

Referral 
center 

6684 0.22% NR NR NR NR 0.0500% 

 



Screening for Colorectal Cancer in Adults 26 

 26

Table 3. Complications of Colonoscopy (continued) 

Study 

Study Design 
(inclusive 

years) Setting 
Total 

Procedures
Perforation 

Rate (All) 
Bleeding 
Rate (All) 

Total Therapeutic 
Procedures 

Perforation 
Rate- 

Therapeutic 
Bleeding Rate- 

Therapeutic 
Mortality 

Rate 

Gibbs et 
al.,1996 77 

Retrospective 
review of 
post-
procedural 
admissions 
for 
hemorrhage 
(1989-1993)  

Referral 
center 

12058 NR 0.11% NR NR NR NR 

Ure et al., 
199578  

Retrospective 
review (early 
1990s) 

NR 656 0 0.61% 195 0 2.10% 0.0000% 

Lo and 
Beaton, 
199479 

Retrospective 
review (1986-
1992) 

Referral 
center 

26,708 0.05% NR 9519 0.07% NR 0.0037% 

Rosen et 
al., 199380  

Retrospective 
review of 
post-
procedural 
admissions 
for 
hemorrhage 
(1987-1991) 

Community 
based 
hospital 

NR NR NR 4721 NR 0.42% NR 

DiPrima et 
al., 198881 

Prospective 
review + 10 
day post-
procedural f/u 

Referral 
center 

302 0.66% 1.66% 138 0.72% 3.60% 0.0000% 



Screening for Colorectal Cancer in Adults 27 

 27

Table 3.  Complications of Colonoscopy (continued) 

Study 

Study Design 
(inclusive 
years) Setting 

Total 
Procedures

Perforation 
Rate (All) 

Bleeding 
Rate (All) 

Total Therapeutic 
Procedures 

 Perforation 
Rate- 
Therapeutic 

 Bleeding Rate- 
Therapeutic 

Mortality 
Rate 

Nivatvongs, 
198882 

Retrospective 
review of all 
polypec-
tomies (1972-
1986) 

Referral 
center 

1190 NR NR 1190 0.59% 0.84% NR 

Brynitz et 
al., 198683 

Retrospective 
review (1975-
1984) 

NR 1748 0.63% 0 NR 0.7%  
(0.2-1.8%) 

NR 0.0600% 

Webb et 
al., 198584 

Retrospective 
review (1975-
1982) 

Referral 
center 

591 
(1000 

polypec-
tomies) 

0 0.80% 1000 0 0.80% 0.0000% 

Macrae et 
al., 198385 

Retrospective 
review (1971-
1980) 

Referral 
center 

5000 0.12% 0.96% 1795 0.11% 2.67% 0.0600% 

Nelson et 
al., 198243 

Retrospective 
review (1972-
1980) 

Urban 
county 
hospital 

1207 0.24% NR NR NR NR 0.0000% 

*NR= Not 
reported 
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Table 4. Average Cost-Effectiveness Ratios for Selected Screening Strategies for 
Colorectal Cancer* 

Study and Costs per Life-Year Saved 

Screening 
Strategy� 

Eddy, 
199028 

Wagner 
et al., 199623

Frazier 
et al., 200071

Khandker 
et al., 200090

Sonnenberg
et al., 200091

Vijan 
et al.,� 

FOBT q1 13,432 16,075 13,656 17,805 10,463 5,691 

FS q5 NS§ 14,141 12,804 15,630 39,359 19,068 

FOBT + FS 30,775 16,144 18,693 22,518 NS 17,942 

DCBE q5 19,563 15,974 25,624 21,712 NS NS 

COL q10 NS 26,243 22,012 21,889 11,840 9,038 

 

* Costs per life-year saved converted to year 2000 dollars.  Bold typeface indicates best average cost-
effectiveness ratio. 

� FOBT = fecal occult blood test; FS = flexible sigmoidoscopy; DCBE = double contrast barium enema; 
COL = colonoscopy; q1 = every year; q5 = every 5 years; q10 = every 10 years. 

� Vijan et al., is personal communication of unpublished data. 

§ NS = Not studied 
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Table 5. Preferred Strategy at Different Cost-Effectiveness Levels for Each of the Cost-
Effectiveness Analyses 

 Preferred Strategy If Willing to Pay: 

Studies < $20,000 / LYS* $20-30,000 / LYS* $30-50,000 / LYS* $50-100,000 / LYS* 

Wagner et al., 
199623 

DCBE q5 DCBE q5 FOBT q1 + FS q5 FOBT q1 + FS q5 

Wagner, et al., 
199623.�  

COL q10 FOBT q1 + FS q5 FOBT q1 + FS q5 FOBT q1 + FS q5 

Frazier et al., 
200071 

FOBT q1 + FS q5 FOBT q1 + FS q5 FOBT q1 + FS q5 FOBT q1 + FS q5 

Khandker  
et al., 
2000.90 

FS q5 FOBT q1 COL q10 COL q10 

Sonnenberg et 
al., 200091 

COL q10 COL q10 COL q10 COL q10 

Vijan et al.� COL 55/65 COL 55/65 COL 55/65 COL 55/65 

 
* LYS indicates life years saved; FOBT = fecal occult blood test; FS = flexible sigmoidoscopy; DCBE = 

double contrast barium enema; COL = colonoscopy; q1 = every year; q5 = every 5 years; q10 = every 
10 years. 

� Assumes a 50% sensitivity with barium enema. 
� Vijan et al., is personal communication of unpublished data; 55/65 indicates colonoscopy performed at 

age 55 and 65 only. 
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Table 6. Strength of Evidence about Screening Strategies 

Test 
Direct?* 
Evidence 

Evidence 
Level Internal Validity External Validity 

Fecal occult blood testing Y I G G 

Sigmoidoscopy Y II G F 

Fecal occult blood testing and 
sigmoidoscopy combined +/- II F F 

Double contrast barium 
enema N III F F 

Colonoscopy +/- II F F 

*+/- indicates not sure 
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Figure 2.  Colorectal Cancer (CRC) Screening: Analytic Framework
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Before CCOHTA decides to undertake a health technology assessment, a pre-assessment of the 
literature is performed. Pre-assessments are based on a limited literature search; they are not 
extensive, systematic reviews of the literature. They are provided here as a quick guide to important, 
current assessment information on this topic. Readers are cautioned that the pre-assessments have 
not been externally peer reviewed. 

  
 
 

 
 
 
 

 
 
 
 

Introduction 
In Canada, colorectal cancer is the fourth most commonly diagnosed cancer and the 
second most common cause of cancer-related mortality. An estimated 18,000 new 
cases and 8,300 deaths from colorectal cancer occurred in Canada in 2003.1 The 
prognosis and survival of those with colorectal cancer are related to the stage of the 
cancer at the time of diagnosis. This disease is treatable and often curable if the 
cancer is localized. Early detection of colorectal cancer through screening (secondary 
prevention) can reduce the mortality and morbidity associated with this disease.2   
 
Several approaches to screening are available, ranging from the least expensive and 
least invasive (fecal occult blood testing) to the more costly and invasive procedures 
(flexible sigmoidoscopy, barium enema and colonoscopy).  Each of these tests has 
inherent strengths and weaknesses related to cost, risk, sensitivity, specificity and 
availability.2,3 Colonoscopy, which is considered to be the gold standard, is an invasive 
test that must be performed by an experienced specialist. It carries risks of bleeding, 
the required sedatives cause side effects and there are other associated complica-
tions. Some patients complain that the bowel-cleansing preparation is worse than the 
procedure itself.3  
 
Virtual colonoscopy (VC) was first described in 1994 as a non-invasive test for the 
examination of the colonic lumen for cancers and polyps.2,3 The term VC is used 
interchangeably with computed tomographic colonography (CTC) and magnetic 
resonance colonography.  The latter technique uses magnetic resonance imaging, but 
thus far, CTC has been studied and used more extensively.4 
 
CTC requires the same bowel-cleansing preparation as colonoscopy. The insertion of 
a rectal tube and the insufflation of air or carbon dioxide are required to distend the 
colon.2 Sedation is unnecessary. The time required for the procedure is approximately 
five to 15 minutes, plus an additional 15 to 40 minutes for interpretation.2 Typically, 
two-dimensional computed tomographic (CT) images can be processed with the use 
of commercially available software programs to render a three-dimensional display of 
the colonic lumen.  Virtual images of the entire colon can be examined segment by 
segment, much as they are during colonoscopy.3 
 
The Canadian Coordinating Office for Health Technology Assessment (CCOHTA) 
published a pre-assessment of CTC in October 2002 concluding that: “Several other 
HTA agencies have recently assessed virtual colonoscopy and others have work 
underway.  At this point, CCOHTA will not duplicate these efforts and will wait until  
further evidence becomes available.”4 This topic was subsequently forwarded by a  
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consumer through CCOHTA’s web site, for consideration as an assessment, to 
CCOHTA’s Devices and Systems Advisory Committee (DSAC) in September 2003.  
The DSAC selected this topic for assessment as an update to the October 2002 pre-
assessment.  

 

Research Question 
How does CTC compare with conventional technologies that image the colon? 

 

Assessment Process 
PubMed was searched using controlled vocabulary and key words for “virtual 
colonoscopy” and “controlled trials” or “comparative studies.” Retrieval was limited to 
the human population (this limit was not applied to publisher-supplied or in-process 
citations).  The Cochrane Library 2004 issue 1 was also searched.  Grey literature was 
obtained through searching the web sites of health technology assessment and 
related agencies; and their associated databases. Google™ was used to search for 
additional web-based information.  Correspondence was initiated with the Medical 
Advisory Secretariat of the Ministry of Health and Long-Term Care in Ontario to 
determine the status of its ongoing evaluation. A draft of the Ontario report dated 
October 2003 was given to CCOHTA. 

 

Summary of Findings 
 

Reviews or Meta-analysis 
Two reviews published since the October 2002 pre-assessment were identified: the 
draft Ontario report (October 2003) and a meta-analysis on CT of colorectal polyps 
published in the American Journal of Radiology in December 20035 (Table 1). 
  

Table 1: Summary of findings 
 

Title 
(Author, Year) 

Objective(s) Methods Results Conclusions 
 

Computed 
tomographic 
colonography 
(virtual 
colonoscopy) 
(Medical 
Advisory 
Secretariat, 
Ontario, draft, 
October 2003) 

To compare  
effectiveness 
and safety of 
CTC as a 
screening 
method for 
detection of 
colon cancer 
and pre-
cancerous 
polyps with  

Literature 
search on 
MEDLINE 
and 
EMBASE 
for English 
language 
studies 
from 2000 
to May 
2003 

18 studies of 2,017 
patients, of whom 126 
(6%) were 
asymptomatic. 
Performance of CTC 
depends on size of 
lesions. 
Sensitivity ranges for 
multi-slice versus 
single-slice scanning: 
86% to 100% versus 

With limited 
sensitivity and 
specificity of CTC 
relative to 
colonoscopy; and 
lack of therapeutic 
intervention,CTC may 
result in inconve-
nience, cost and 
complications. 
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 reference 
standard of 
conventional 
colonoscopy 

 67% to 100% for 
cancer detection; 
80% to 100% versus 
57% to 100% for 
polyps >10 mm; 
33% to 86% versus 
0% to 80% for polyps 
6 mm to 9 mm; 
3% to 70% versus 
10% to 68% for polyps 
≤5 mm.  
Diagnostic 
performance of CTC 
depends on methods 
of bowel preparation, 
adequate bowel 
distension and 
scanning techniques. 
 

Based on current 
evidence, CTC 
cannot be proposed 
for routine 
population-based 
screening for polyps 
or cancer. 
Patients with colonic 
symptoms or history 
of polyps will benefit 
more if they undergo 
colonoscopy 
including excision of 
premalignant polyps. 
CTC can be the 
examination of choice 
for preoperative 
evaluation of patients 
with colorectal 
carcinomas, given its 
possibility of 
assessing entire 
colon, extracolonic 
structures and 
tumour staging. 
CTC can be 
considered for 
diagnostic purposes 
when colonoscopy is 
clinically 
contraindicated or 
when patients had 
incomplete 
colonoscopy because 
of stenosis or 
obstruction of colon.  
MRI-based VC that 
excludes risk of 
ionizing radiation may 
be of more benefit 
than CTC in the 
future. 
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CT 
Colonography 
of Colorectal 
Cancer: A 
Meta-analysis 
(Sosna, 
December 
2003)5 

To assess 
reported 
accuracy of CTC 
compared to 
conventional 
colonoscopy for 
detecting 
colorectal polyps

Literature 
search on 
PubMed 
and 
MEDLINE 
for English 
language 
studies 
from 1994 
to July 
2002 
 
 

14 studies of 1,324 
patients (1,411 
polyps).2 
Pooled per-patient 
sensitivity (95% CI): 
88% (0.84 to 0.93) for 
polyps >10 mm; 
84% (0.80 to 0.89) for 
6 mm to 9 mm; 
65% (0.57 to 0.73) for 
polyps ≤5 mm. 
Sensitivity for 
detection of polyps 
increased as polyp 
size increased 
(p<0.0001). 
Pooled specificity for 
polyps >10 mm was 
0.95 (0.94 to 0.97). 

Specificity and 
sensitivity of CTC are 
high for polyps >10 
mm. 
 
 
 

1 Two additional studies published since original literature search are being incorporated in Ontario report. 
2 All nine studies published in 2000 to 2002 were included in Ontario report.  

 
Primary studies 
In comparison to the studies included in the two reviews above, the literature search 
identified an additional eight diagnostic accuracy studies,6-13 two studies on cost or 
cost-effectiveness14,15 and five studies on patients’ acceptance of CTC.16-20  

 
a) Diagnostic studies 
Two of the largest diagnostic studies7,11 identified for this pre-assessment are being 
incorporated in the Ontario report.  Pickhardt et al. report the largest prospective 
evaluation to date of CTC as a colorectal screening test. The study involved 1,233 
asymptomatic adults who underwent CTC and same-day conventional colonoscopy.11 
More than 97% of the subjects were at average risk for colorectal cancer.  The 
sensitivity of CTC was 92% for polyps of >10 mm, 93% for polyps of >8 mm and 86% 
for polyps of >6 mm, as compared with 88%, 89.5% and 90% respectively for 
colonoscopy performed by colonoscopists who were blinded to the CTC test results.11 
The negative predictive value of normal findings on CTC was >99% for polyps of >8 
mm.  If a threshold polyp size of 10 mm had been used, for example, 7.5% of patients 
who underwent CTC would have required referral for polypectomy.  The average time 
spent by patients undergoing CTC was 14 minutes (approximately half that required 
for colonoscopy) and the average time required for the interpretation of CTC studies 
was <20 minutes.11 Several factors may explain these impressive results by Pickhardt 
et al. They used a different technique from that used in previous studies. It enabled 
the imaging software to digitally remove all opaque fluid and stool from the image 
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by a process known as electronic cleansing. They used multi-detector CT scanners, 
which permitted faster higher-resolution imaging than single-detector scanners that 
had been used previously. The calculation of CTC sensitivity was based only on 
adenomas with the exclusion of non-adenomatous polyps as false positive results. 

 
The second largest study being incorporated in the Ontario report is by Johnson et al. 
This study consists of 703 asymptomatic patients reporting on polyp detection rates at 
CTC being below those at colonoscopy with high inter-observer variability of CTC test 
results among three experienced readers.7 The remaining six studies reporting on 
conflicting findings include a small sample size (range of 23 to 205 subjects) and 
consist of symptomatic and asymptomatic patients.6,8-10,12,13 

 
b) Cost and cost-effectiveness studies 
Two studies examined the cost or cost-effectiveness of CTC in comparison to 
colonoscopy screening.  McGrath, using a decision analytic model based on Ontario 
cost data, reported on the cost of finding an advanced adenoma in patients 
undergoing flexible sigmoidoscopy, colonoscopy and CTC.14  Colonoscopy was less 
costly and detected more cases of advanced adenomas in comparison with the other 
two screening strategies.14 Sonnenberg, using computer models based on a Markov 
process, found screening by colonoscopy to remain more cost-effective even if the 
sensitivity and specificity of CTC both rose to 100%. To become cost-effective, CT or 
magnetic resonance colonography would have to be offered at a low price or result in 
compliance rates that are better than those associated with colonoscopy.15    

 
c) Patient acceptance for CTC 
Five studies reported on patients’ acceptance and preferences for CTC.  Four studies 
reported an overall preference by patients for CTC in comparison with colonoscopy for 
follow-up examinations.17-20  Patients in the study by Akerkar, despite tolerating both 
CTC and colonoscopy, reported more pain, discomfort and less respect undergoing 
CTC.16   

 

Conclusion 
As a review is being undertaken by the Ministry of Health and Long-Term Care in 
Ontario, CCOHTA will not undertake an assessment on CTC at this time. 
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Executive summary 

The procedure 
Computed tomography colonography (CTC) is a minimally invasive radiological 
technique for imaging the colon and rectum. It involves the use of a spiral CT scanner to 
acquire multiple simultaneous tomographic sections (‘slices’) of the colon and rectum 
during one rotation of the x-ray source. A computer software program reformats these 
data to produce two dimensional images or three-dimensional reconstructions of the 
bowel (also referred to as ‘virtual colonoscopy’). Patients require a bowel preparation the 
day before the procedure. At the time of scanning, the colon is insufflated with air or 
carbon dioxide via a catheter placed in the rectum. The patient does not require sedation. 

Medical Services Advisory Committee – role and approach 
The Medical Services Advisory Committee (MSAC) was established by the Australian 
Government to strengthen the role of evidence in health financing decisions in Australia. 
MSAC advises the Minister for Health and Ageing on the evidence relating to the safety, 
effectiveness and cost-effectiveness of new and existing medical technologies and 
procedures, and under what circumstances public funding should be supported. 

A rigorous assessment of evidence is thus the basis of decision making when funding is 
sought under Medicare. A team from the NHMRC Clinical Trials Centre was engaged to 
conduct a systematic review of literature on CTC. An advisory panel with expertise in 
this area then evaluated the evidence and provided advice to MSAC. 

MSAC’s assessment of computed tomography colonography 

Clinical need 

Colorectal cancer is the most common cancer (excluding non-melanoma skin cancer) and 
the third most common cause of cancer death reported to Australian cancer registries. In 
2001, there were 12,844 new cases of colorectal cancer reported and 4,754 deaths, 
accounting for 14.5% of all new cases of cancer and 13.1% of cancer deaths (Australian 
Institute of Health & Welfare (AIHW) & Australasian Association of Cancer Registries 
(AACR) 2004). 

CTC has been proposed as a minimally invasive alternative to double contrast barium 
enema (DCBE) and colonoscopy in patients requiring investigation or surveillance for 
the detection of colorectal neoplasia (cancers and polyps). CTC does not allow biopsy 
like colonoscopy, but can be used in patients in whom colonoscopy is contraindicated or 
cannot be completed. 

Reimbursement for CTC has been available as an interim item under the Medicare 
Benefits Schedule since May 2005 for two indications: (i) following an incomplete 
colonoscopy; and (ii) in patients with fistulous disease, obstructed colon, or megacolon in 
whom colonoscopy is contraindicated. Over the 6-month period, May to October 2005, 
665 CTC were billed under these items in Australia with a trend of increasing CTC 
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requests over this period. This figure does not include the number of CTCs performed 
for other indications, nor the number of CTCs performed on public patients treated in 
public hospitals. It is difficult to estimate the potential magnitude of CTC use should it 
be funded for the diagnosis or exclusion of colorectal neoplasia under wider indications 
because data about the number of DCBE and colonoscopies performed in Australia each 
year do not record the indication for testing. 

Review methods 

This review addresses two research questions to determine the potential value of CTC 
for the diagnosis or exclusion of colorectal neoplasia in Australia. 

Review question 1 
What is the safety, effectiveness and cost-effectiveness of CTC versus DCBE and versus 
colonoscopy for the diagnosis or exclusion of colorectal neoplasia in symptomatic 
patients or in patients that are asymptomatic but at high risk of colorectal neoplasia due 
to a personal or family history of colorectal polyps or cancer? 

Review question 2 
What is the safety, effectiveness and cost-effectiveness of CTC versus DCBE for the 
diagnosis or exclusion of colorectal neoplasia in symptomatic or high-risk patients who 
are ineligible for colonoscopy due to patient contraindications or the inability to perform 
or complete the test? 

Secondary analyses were conducted to assess the safety, effectiveness and cost-
effectiveness of CTC versus DCBE and versus colonoscopy to detect other specific 
colorectal abnormalities and all colorectal abnormalities. 

Literature search 
A systematic review of the medical literature was undertaken using MEDLINE, Pre-
MEDLINE, EMBASE, Current Contents, the Cochrane Library and Health Technology 
Assessment databases to identify relevant studies and systematic reviews published 
between January 1994 and June 2005. 
 
This search did not identify any studies comparing overall health outcomes following the 
use of CTC, DCBE or colonoscopy. Conclusions about the safety and effectiveness of 
CTC are based on four systematic reviews and 24 clinical studies that reported on CTC 
and/or DCBE safety and accuracy with or without comparisons with colonoscopy and 
11 studies that reported on patient preferences or quality of life outcomes associated with 
these tests.  

Safety 

CTC is a relatively safe procedure compared to DCBE and as least as safe as, or safer 
than, diagnostic colonoscopy. Both CTC and DCBE expose patients to ionizing 
radiation and are associated with a very small risk of colonic perforation. 
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Effectiveness 

CTC accuracy 
CTC is generally highly sensitive and specific for the diagnosis or exclusion of cancers 
and polyps ≥ 10 mm in symptomatic patients and asymptomatic patients at high risk of 
colorectal neoplasia (11 studies of variable quality, median CTC sensitivity 84% (range 
55-100%); median CTC specificity 97% (range 74-100%)). Estimates of CTC accuracy 
are higher for the detection of cancer alone (meta-analysis of four studies: CTC 
sensitivity 97% (95% CI 89-100%); CTC specificity 98% (95% CI 95-99%). These 
findings are consistent with results from three published systematic reviews. 

CTC is only moderately sensitive for the detection of lesions 6-9 mm and poorly 
sensitive for lesions < 5 mm (lesions 6-9 mm: six studies, CTC sensitivity range 30-80%, 
CTC specificity range 93-99%; lesions ≤ 5 mm: four studies, CTC sensitivity range 14-
57%, CTC specificity range 83-97%). 

The variation observed between studies demonstrates that CTC is less accurate in some 
population subgroups or settings. The extent to which patient characteristics, prevalence 
of disease, CTC techniques, the experience of those performing and interpreting the tests 
or other factors may influence CTC performance has not yet been clearly defined. 

Relative accuracy of CTC, DCBE and colonoscopy 
Studies comparing CTC with DCBE and colonoscopy provide the best evidence to 
assess the relative accuracy of these tests. This evidence was limited to one study of fair 
quality (Rockey et al 2005) that found CTC and DCBE accuracy to be lower than 
noncomparative studies and systematic reviews of CTC accuracy. This study indicated 
that CTC is a more specific test than DCBE, but less sensitive and specific than 
colonoscopy for the detection of cancers and polyps ≥ 10 mm. This study also suggested 
that CTC may be a more sensitive test than DCBE; this difference did not reach 
statistical significance for lesions ≥ 10 mm, but was shown to be statistically significant 
for lesions 6-9 mm. 

Relative accuracy of CTC, DCBE and colonoscopy for the detection of lesions ≥ 10mm (Rockey et al 2005) 
 

 

1 p value CTC versus comparator test. 

 

Two studies of fair quality suggest that CTC may be more accurate than DCBE for the 
detection of all colorectal disease but less sensitive than colonoscopy; however, no 
studies have directly compared these tests (Munikrishnan et al 2003, Durdey et al 1987). 

CTC patient preferences and quality of life 

Three studies of fair to high quality have reported a statistically significant difference in 
patient preference, satisfaction and experience of pain or discomfort in favour of CTC 
versus DCBE (Gluecker et al 2003, Taylor et al 2005, Taylor et al 2003). 

Test Sensitivity (95% CI) p value1  Specificity (95% CI) p value1  
CTC 59% (46-71%)  96% (94-98%)  
DCBE 48% (35-61%) 0.11 90% (87-92%) < 0.0001 
colonoscopy 98.3% (91-100%) < 0.0001 99.6% (99-100%) < 0.0001 
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The evidence reviewed also suggests that CTC may be preferred over colonoscopy. 
However, comparison of pain and discomfort experienced by patients undergoing both 
tests have shown mixed results with three of eight studies reporting results in favour of 
colonoscopy. 

Additional considerations 

CTC is successful in visualising the entire colon in at least 90% of patients following an 
incomplete colonoscopy and may detect colorectal lesions in 18 to 27% of patients that 
were not identified at the initial incomplete colonoscopy (Neri et al 2002, Morrin et al 
1999, Macari et al 1999, Minyue et al 2002). 

CTC has an advantage over DCBE for visualising the proximal colon in patients with a 
distal obstruction. It also has an advantage over DCBE due to technical difficulties of 
coating the bowel wall with barium to conduct a DCBE following a colonoscopy. 

CTC also offers the opportunity for detecting extracolonic lesions that cannot be 
identified at DCBE or colonoscopy. Rates of clinically significant extracolonic findings 
ranged between 1% and 13% in six studies reviewed. Incidental and clinically 
nonsignificant extra-colonic findings were reported in 19% to 63% of patients by three 
studies. The consequences of these findings have not been assessed. Clinically significant 
findings may be expected to change patient management, whereas insignificant findings 
may result in additional unnecessary investigations and patient distress. 

No studies were designed to compare test failure rates for CTC versus DCBE and/or 
colonoscopy; however, the studies reviewed suggest that CTC failure rates are at least 
comparable to or better than DCBE and colonoscopy. 

Cost-effectiveness 

An economic model was developed to estimate the incremental cost-effectiveness of 
CTC compared to colonoscopy and compared to DCBE in the patients of interest. The 
analysis included one- and two-way sensitivity analyses of key parameters. 

For the comparison of CTC with DCBE, the modelled analysis shows a cost per life year 
saved of $25,420 of CTC compared to DCBE in the base case scenario (CTC cancer 
sensitivity: 59%, DCBE cancer sensitivity: 48%) with cost-effectiveness widely varying in 
sensitivity analyses from $4,882 per life year saved to a situation where CTC is dominated 
by DCBE. 

The base case economic analysis further indicates that CTC is less costly, but also less 
effective than colonoscopy. The incremental cost of colonoscopy versus CTC per life 
year saved is $1,659 for the base case (CTC sensitivity for cancer=59%, colonoscopy 
sensitivity for cancer=98%). In sensitivity analyses, the cost per life year saved for 
colonoscopy ranged between $13,955 and a situation where colonoscopy is more 
effective and associated with less costs than CTC. 

The results of the economic analysis must be interpreted with caution due to 
uncertainties around model parameters, in particular the uncertainty around the estimates 
of test sensitivity for cancer. 
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Review Question 1: CTC versus DCBE and versus colonoscopy 

CTC is a relatively safe test compared to DCBE and colonoscopy. 

Evidence about CTC accuracy for the detection of cancers and polyps ≥ 10 mm 
compares favourably with DCBE. There is also some evidence to suggest that patients 
prefer CTC over DCBE. CTC is more costly than DCBE and an economic model 
suggests a base case incremental cost per life year saved for CTC compared to DCBE of 
$25,420; results of the sensitivity analysis ranged from a cost per life year saved of $4,882 
for CTC compared to DCBE to a situation where CTC is dominated by DCBE (more 
costly and less effective). 

CTC is less accurate than colonoscopy for the detection of cancers and polyps ≥ 10 mm. 
There is also some evidence to suggest that patients prefer CTC over colonoscopy. CTC 
is less costly than colonoscopy and an economic model found a base case incremental 
cost per life year saved of $1,659 for colonoscopy compared to CTC. The cost per life 
year saved for colonoscopy in sensitivity analyses ranged between $13,955 and a situation 
where colonoscopy is more effective and associated with less costs than CTC. 

Review Question 2: CTC versus DCBE in patients with a contraindication to 
colonoscopy 

There is little evidence for a comparison of CTC versus DCBE accuracy in patients 
following an incomplete colonoscopy. The evidence available indicates that CTC is 
successful in visualising the entire colon in at least 90% of patients following an 
incomplete colonoscopy. CTC also has demonstrated advantages over DCBE in 
visualising the proximal colon in patients with a distal obstruction, the detection of 
extracolonic disease, and patient preferences and tolerance of testing. Another 
consideration favouring the use of CTC is that it can be performed immediately after a 
failed colonoscopy, whereas coating the bowel wall with barium can be difficult to 
achieve after colonoscopy. 

CTC is more costly than DCBE. An economic analysis based on a general model of CTC 
compared to DCBE in symptomatic patients found a base case incremental cost per life 
year saved for CTC compared to DCBE of $25,420; results of the sensitivity analysis 
ranged from a cost per life year saved of $4,882 for CTC compared to DCBE to a 
situation where CTC is more costly and less effective than DCBE. 
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Recommendation 
Computed tomography colonography (CTC) is a relatively safe procedure. CTC, double 
contrast barium enema (DCBE) and colonoscopy are associated with a small risk of 
complications.  

Evidence in relation to the comparison of CTC with colonoscopy indicates that CTC is 
less effective. MSAC recommends that public funding for CTC as a substitute 
investigation for colonoscopy should not be supported. 

On the basis of the strength of evidence pertaining to the effectiveness and cost-
effectiveness, MSAC recommends that public funding for CTC for exclusion of 
colorectal neoplasia in symptomatic or high risk patients who are either ineligible for 
colonoscopy due to patient contraindications or where there is an inability to perform or 
complete a colonoscopy, should be supported. 

- The Minister for Health and Ageing accepted this recommendation on 24 August 2006. 

 



Computed tomographic colonography 
(virtual colonoscopy)

1 Guidance
1.1 Current evidence on the safety and efficacy of

computed tomographic colonography (virtual
colonoscopy) appears adequate to support the
use of this procedure provided that the normal
arrangements are in place for consent, audit and
clinical governance. 

2 The procedure
2.1 Indications
2.1.1 Computed tomographic (CT) colonography is

used to examine the colon and rectum to detect
abnormalities such as polyps and cancer. Polyps
may be adenomatous (which have the potential
to become malignant) or completely benign. 

2.1.2 Colorectal cancer is the second most 
common cancer in women and the third most
common cancer in men in the UK. Symptoms
include blood in the stool, change in bowel habit,
abdominal pain and unexplained weight loss. In
addition to its use as a diagnostic test in
symptomatic patients, CT colonography may be
used in asymptomatic patients with a high risk of
developing colorectal cancer.

2.1.3 Conventional colonoscopy and double-contrast
barium enema are the main methods currently
used for examining the colon. 

2.2 Outline of the procedure
2.2.1 CT colonography involves using a CT scanner to

produce two- and three-dimensional images of
the entire colon and rectum. CT colonography is
less invasive than conventional colonoscopy. 

2.2.2 CT colonography is usually performed on an
empty bowel although ‘faecal tagging’ may be
used, which eliminates the need for a cathartic
bowel preparation. Faecal tagging requires the
patient to ingest an iodinated contrast agent with
meals approximately 48 hours before the scan.
Sedation is not usually required for CT
colonography. The colon is distended by
insufflation with air or carbon dioxide via a small
rectal tube. Antispasmodic agents and/or contrast
agents may be administered intravenously before
the scan. The images are manipulated and
interpreted by a radiologist.

2.3 Efficacy
2.3.1 A meta-analysis of data from 14 studies with a

total of 1324 patients reported the sensitivity and
specificity of CT colonography for the detection of
polyps, using conventional colonoscopy as the
reference standard. The pooled per-patient
sensitivity for polyps 10 mm or larger was 88%
(95% confidence interval [CI], 84–93%), for
polyps 6–9 mm it was 84% (95% CI, 80–89%),
and for polyps 5 mm or smaller it was 65% (95%
CI, 57–73%). The pooled per-polyp sensitivity for
polyps 10 mm or larger was 81% (95% CI,
76–85%), for polyps 6–9 mm it was 62% (95%
CI, 58–67%), and for polyps 5 mm or smaller it
was 43% (95% CI, 39–47%). The overall
specificity for the detection of polyps 10 mm or
larger was 95% (95% CI, 94–97%). 

2.3.2 A study involving 1233 asymptomatic adults
reported that the per-patient sensitivity for polyps
10 mm or larger was 94% (95% CI, 83–99%) for
CT colonography and 88% (95% CI, 75–95%) for

Interventional Procedure Guidance 129
This guidance is written in the following context:
This guidance represents the view of the Institute which was arrived at after careful consideration of the available
evidence. Health professionals are expected to take it fully into account when exercising their clinical judgement.
This guidance does not, however, override the individual responsibility of health professionals to make appropriate
decisions in the circumstances of the individual patient, in consultation with the patient and/or guardian or carer.
Interventional procedures guidance is for health professionals and people using the NHS in England, Wales
and Scotland.
This guidance is endorsed by NHS QIS for implementation by NHSScotland
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conventional colonoscopy. The per-patient
sensitivity for polyps 6 mm or larger was 89%
(95% CI, 83–93%) for CT colonography and 92%
(95% CI, 87–96%) for conventional colonoscopy.
A study of 615 patients reported per-patient
sensitivities of 55% (95% CI, 40–70%) for polyps
10 mm or larger and 39% (95% CI, 30–48%) for
polyps 6 mm or larger. Another study of 
614 patients reported that CT colonography was
significantly more sensitive than barium enema
but less sensitive than colonoscopy. A study of
203 patients that used faecal tagging reported an
overall per-patient sensitivity of 90% (95% CI,
86–94%). For more details, refer to the Sources of
evidence (see below).

2.3.3 The Specialist Advisors noted that the procedure
may fail to detect small or flat lesions, but
commented that this was also the case with other
diagnostic techniques.

2.4 Safety
2.4.1 No significant complications were reported in the

studies. Two studies reported on the level of
discomfort felt by patients during the procedure.
One study reported that 1% (9/696) of patients
experienced ‘extreme’ or ‘severe’ discomfort
during CT colonography, compared with 4%
(25/696) for colonoscopy. In the same study, less
than 1% (4/617) of patients had ‘extreme’ or
‘severe’ discomfort during CT colonography
compared with 29% (181/617) during a barium
enema (p < 0.001). A second study reported that
54% (546/1005) of patients found CT
colonography to be more uncomfortable than
conventional colonoscopy, but this may have been
affected by the fact that patients were sedated for
the conventional colonoscopy but not for the 
CT colonography. In the same study, CT
colonography was reported to be more acceptable
in terms of convenience than conventional
colonoscopy in 68% (686/1005) of patients. 

2.4.2 In one study, 72% (357/494) of patients were
reported to prefer CT colonography to
conventional colonoscopy, and 97% (518/534)
preferred CT colonography to double-contrast
barium enema. For more details, refer to the
Sources of evidence.

2.4.3 The Specialist Advisors noted that the potential
complications are similar to those associated with
other techniques, and include bowel perforation
and reaction to the intravenous contrast medium. 

2.5 Other comments 
2.5.1 It was noted that this is a rapidly evolving

technology, dependent on the type of equipment
used and the training and experience of the
operator.

2.5.2 It was noted that patient selection was important;
this is an alternative procedure to barium enema,
and is particularly useful in frail and elderly
patients as a diagnostic tool to detect tumours.  

Andrew Dillon
Chief Executive
June 2005

Information for the public
NICE has produced information describing its guidance on
this procedure for patients, carers and those with a wider
interest in healthcare. It explains the nature of the
procedure and the decision made, and has been written
with patient consent in mind. This information is available
from www.nice.org.uk/IPG129publicinfo

Sources of evidence 
The evidence considered by the Interventional Procedures
Advisory Committee is described in the following
document.

Interventional procedure overview of computed
tomographic colonography (virtual colonoscopy), August
2004

Available from www.nice.org.uk/ip208overview
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100-3 
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210.3 
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1 

Effective Date of this Version 

1/1/2004 

Implementation Date 

1/5/2004 

Benefit Category 

Colorectal Cancer Screening Tests 

Note: This may not be an exhaustive list of all applicable Medicare 
benefit categories for this item or service.  

Item/Service Description 

FOBTs are generally divided into two types: immunoassay and guaiac 
types. 

Immunoassay (or immunochemical) fecal occult blood tests (iFOBT) 
use “antibodies directed against human globin epitopes.  While most 
iFOBTs use spatulas to collect stool samples, some use a brush to 
collect toilet water surrounding the stool. Most iFOBTs require 
laboratory processing. 

Guaiac fecal occult blood tests (gFOBT) use a peroxidase reaction to 
indicate presence of the heme portion of hemoglobin. “Guaiac turns 
blue after oxidation by oxidants or peroxidases in the presence of an 
oxygen donor such as hydrogen peroxide.  Most FOBTs use sticks to 
collect stool samples and may be developed in a physician’s office or a 



laboratory. 

Indications and Limitations of Coverage 

Section 4104 of the Balanced Budget Act of 1997 provides for 
coverage of screening colorectal cancer procedures under Medicare 
Part B. Medicare currently covers: 1) annual fecal occult blood tests 
(FOBTs); (2) flexible sigmoidoscopy over 4 years; (3) screening 
colonoscopy for persons at average risk for colorectal cancer every 10 
years, or for persons at high risk for colorectal cancer every 2 years; 
(4) barium enema every 4 years as an alternative to flexible 
sigmoidoscopy, or every 2 years as an alternative to colonoscopy for 
persons at high risk for colorectal cancer; and, (5) other procedures 
the Secretary finds appropriate based on consultation with appropriate 
experts and organizations. 

Coverage of the above screening examinations was implemented in 
regulations through a final rule that was published on October 31, 
1997 (62 FR 59079), and was effective January 1, 1998. At that time, 
based on consultation with appropriate experts and organizations, the 
definition of the term "FOBT" was defined in 42 CFR §410.37(a)(2) of 
the regulation to mean a “guaiac-based test for peroxidase activity, 
testing two samples from each of three consecutive stools. 

In the 2003 Physician Fee Schedule Final Rule (67 FR 79966) effective 
March 1, 2003, CMS amended the FOBT screening test regulation 
definition at 42 CFR §410.37(a)(2) to provide that it could include 
either: (1) a guaiac-based FOBT, or, (2) other tests determined by the 
Secretary through a national coverage determination. 

A. Covered Indications 

Fecal Occult Blood Tests (FOBT) (effective for services performed on or 
after January 1, 2004) 

1. History 
 
In 1998, Medicare began reimbursement for guaiac FOBTs, but 
not immunoassay type tests for colorectal cancer screening. 
Since the fundamental process is similar for other iFOBTs, CMS 
evaluated colorectal cancer screening using immunoassay FOBTs 
in general.  

2. Expanded Coverage 
 



Medicare covers one screening FOBT per annum for the early 
detection of colorectal cancer. This means that Medicare will 
cover one guaiac-based (gFOBT) or one immunoassay-based 
(iFOBT) at a frequency of every 12 months; i.e., at least 11 
months have passed following the month in which the last 
covered screening FOBT was performed, for beneficiaries aged 
50 years and older.  The beneficiary completes the existing 
gFOBT by taking samples from two different sites of three 
consecutive stools; the beneficiary completes the iFOBT by 
taking the appropriate number of stool samples according to the 
specific manufacturer’s instructions.  This screening requires a 
written order from the beneficiary’s attending physician.  
(“Attending physician means a doctor of medicine or osteopathy 
(as defined in §1861(r)(1) of the Social Security Act) who is fully 
knowledgeable about the beneficiary’s medical condition, and 
who would be responsible for using the results of any 
examination performed in the overall management of the 
beneficiary’s specific medical problem.)  

B. Noncovered Indications 

All other indications for colorectal cancer screening not otherwise 
specified above remain noncovered. 

(This NCD last reviewed December 2003.) 

Cross Reference 

Also see NCD for Fecal Occult Blood Test (§190.34). 

Transmittal Number 

5 

Transmittal Link 

http://www.cms.hhs.gov/transmittals/downloads/R5NCD.pdf 

Revision History 

12/2003 - Expanded Medicare coverage for screening for early 
detection of colorectal cancer by adding additional fecal occult blood 
test (iFOBT, immunoassay-based) that can be used as alternative to 
existing gFOBT, guaiac-based test. Medicare coverage continues to 

http://www.cms.hhs.gov/transmittals/downloads/R5NCD.pdf


allow one FOBT per year for beneficiaries aged 50 and over. Effective 
date 1/01/04. Implementation date 1/05/2004 for coverage & HCPCS 
codes and 4/05/2004 for frequency edits. (TN 5 ) (CR 2996) 

Claims Processing Instructions 

• TN 3 (Medicare Benefit Policy)   
• TN 52 (Medicare Claims Processing)   

National Coverage Analyses (NCAs) 

This NCD has been or is currently being reviewed under the National 
Coverage Determination process. The following are existing 
associations with NCAs, from the National Coverage Analyses 
database. 

• Original consideration for Screening Immunoassay Fecal-Occult 
Blood Test (CAG-00180N)  

Coding Analyses for Labs (CALs) 

This NCD has been or is currently being reviewed under the National 
Coverage Determination process. The following are existing 
associations with CALs, from the Coding Analyses for Labs database. 

• Original consideration for Prothrombin Time and Fecal Occult 
Blood (Revision of ICD-9-CM Codes for Injury to Gastrointestinal 
Tract) (CAG-00187N)  
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Policy  

1. Aetna considers virtual colonoscopy using computed tomography (also known as 
three-dimensional computed tomographic (CT) colography, CT colonography) 
medically necessary for colonic evaluation of symptomatic members with a 
known colonic obstruction or members with an incomplete colonoscopy due to 
obstructive or stenosing colonic lesions; or for members who are receiving 
chronic anticoagulation that cannot be interrupted.   

Aetna considers virtual colonoscopy using CT experimental and investigational 
for all other indications, including the screening or diagnosis of colorectal cancer 
or inflammatory bowel disease in persons without an obstruction or incomplete 
colonoscopy. 

2. Aetna considers virtual colonoscopy using magnetic resonance imaging (MRI) 
(also known as MRI colonography) experimental and investigational for the 
screening or diagnosis of colorectal cancer, inflammatory bowel disease, or other 
indications because its value for these indications has not been established. 

 

Background  

Three-dimensional computed tomographic (CT) colography, or "virtual colonoscopy," is 
a promising new imaging method.  The technique combines the use of rapid helical CT 
with computer software capable of rendering images of the whole colon.  Using a 
conventional workstation and a dynamic display of images, a radiologist conducts 
virtual examinations of the bowel, simulating the way endoscopists view the colon.  
This method is being promoted by some as a noninvasive screening test for colore
neoplasia. 

ctal 

More clinical trials need to be conducted to assess the cost-effectiveness and efficacy of 
virtual colonoscopy in comparison with conventional colonoscopy and sigmoidoscopy. 

The current cost of virtual colonoscopy probably prohibits its use as a screening tool.  A 
major component of the cost is the time now required for a radiologist to perform the 
procedure.  To be economically feasible for use as a screening method, the cost probably 
would need to drop below the cost of conventional colonoscopy, since virtual 
colonoscopy is only a screening test.  An appreciable number of patients undergoing 



virtual colonoscopy screening would need a subsequent colonoscopy and biopsy to 
confirm the diagnosis and to resect polyps.  The need for a follow up colonoscopy must 
be included in any cost-effectiveness analysis of screening with virtual colonoscopy.  
The relatively low specificity of virtual colonoscopy in most series (i.e., the many false 
positive results) reduces its cost-effectiveness, because falsely positive results lead to 
many unnecessary follow-up conventional colonoscopies. 

Scholmerich (2003) stated that virtual colonoscopy using CT or MRI does not appear to 
offer much help in the diagnosis of inflammatory bowel disease (Crohn’s disease). 

In a review, Blomqvist (2003) stated that both CT and MRI have been improved with 
significant advances of the technological hardware and software. This has contributed to 
high patient acceptance due to shorter examination times and more open configuration 
of the systems, consistent high quality images with better delineation of the normal 
abdomino-pelvic anatomy and pathology.  New techniques such as CT-colonography 
have emerged from a research application to a clinical tool that can be used in different 
clinical settings.  Phased-array receiver coils have significantly increased the usefulness 
of MRI in the evaluation of rectal neoplasms due to the high resolution that can be 
obtained.  New organ specific contrast agents for magnetic resonance imaging have 
facilitated the preoperative evaluation of liver metastases in favor of more invasive 
techniques with similar sensitivities.  However, preoperative staging criteria for 
colorectal cancer using CT and MRI have to be updated and the results of new 
techniques have to be confirmed in large clinical trials.  In the future, further 
development of CT and MRI may offer “one-stop shopping” protocols for both 
diagnosis, local and distant staging of colorectal cancer. 

Pickhardt et al (2003) reported that CT virtual colonoscopy with the use of a 3-D 
approach is an accurate screening method for the detection of colorectal neoplasia in 
asymptomatic average-risk adults and compares favorably with optical colonoscopy in 
terms of the detection of clinically relevant lesions.  However, in an editorial that 
accompanied the study by Pickhardt et al, Morrin and LaMont (2003) stated that “if the 
results of this well-designed study are reproducible on a wider scale, and if the 
important questions regarding the appropriate size threshold and surveillance of smaller 
polyps can be resolved, then screening virtual colonoscopy is ready for prime time”. 

A study by Cotton, et al. (2004) reported that the accuracy of CT colonography (virtual 
colonoscopy) for the detection of colorectal cancer is less reliable than previously 
thought.  CT colonography involves the examination of computer-generated images of 
the colon constructed from data obtained from an abdominal computed tomographic 
examination.  Several studies have suggested a high degree of sensitivity for CT 
colonography; however, those results were obtained at single, specialized centers.  
Cotton reported on a new study that was designed to evaluate the accuracy of CT 
colonography in routine practice at nine major hospital centers. 

In this study, researchers assessed the accuracy of CT colonography in 615 patients aged 
50 years or older who were referred for routine, clinically indicated colonoscopy 



(Cotton, et al., 2004).  Colonoscopy was performed within 2 hours of the colonography 
and results were compared.  The sensitivity of CT colonography for detecting one or 
more lesions sized at least 6 mm was 39% and for lesions sized at least 10 mm, it was 
55%.  These results were significantly lower than those for conventional colonoscopy, 
with sensitivities of 99% and 100%, respectively. CT colonography missed two of eight 
cancers.  The accuracy of CT colonography varied considerably between centers.  At the 
one center that had "substantial" prior experience with CT colonography, the sensitivity 
was 82% for lesions of 6 mm or more.  Sensitivity at all of the other centers combined 
was 24%, with no improvement in accuracy as the number of cases at each center was 
increased.  Preference questionnaires after both procedures were performed showed that 
46% of the patients preferred CT colonography versus 41% who preferred conventional 
colonoscopy. 

The authors stated that "even if the results of CT colonography continue to be good in 
the hands of experts, it has yet to be proven that this expertise can be taught and 
disseminated reliably into daily practice".  The authors concluded that CT colonography 
is not yet ready for widespread clinical application; techniques and training need to be 
improved.  This is in agreement with the update of the clinical guidelines on colorectal 
cancer screening and surveillance that were prepared by a panel convened by the U.S. 
Agency for Health Care Policy and Research and published in 1997 under the 
sponsorship of a consortium of gastroenterology societies (Winawer et al, 2003).  It 
stated that promising new screening tests (virtual colonoscopy and tests for altered DNA 
in stool) are in development but are not yet ready for use outside of research studies.  In 
addition, the American College of Gastroenterology does not recommend virtual 
colonoscopy for screening colorectal cancers.  It states that more research is needed to 
verify the validity and generalizeability of the 3-D approach to polyp detection.  It will 
also be necessary to develop recommendations for training in CT colonography as well 
as requirements of hardware and software systems and specification of methods for 
technical performance.  Systems that allow same-day polypectomy on patients with 
positive CT colonography studies are not yet widely available (Rex, 2004) 

A technology assessment by the BlueCross BlueShield Association Technology 
Evaluation Center (2004) concluded that CT colonography does not meet the TEC 
criteria because the available evidence is insufficient to reach conclusions about the 
effect CT colonography on health outcomes. 

An assessment prepared for the Ontario Ministry of Health and Long-Term Care (2003) 
found that, "[a]lthough [CT colonography] offers the potential advantage of being less 
invasive than colonoscopy and has the ability to image the entire colon, it lacks the 
necessary sensitivity required for screening."  The assessment noted that, in addition, 
unlike standard colonoscopy, CT colonography (CTC) "offers no therapy that can be 
applied once an abnormality is detected"; standard colonoscopy is necessary to resect 
lesions detected by CT colonography.  The assessment concluded that "[w]ith the 
limited sensitivity and specificity of CTC relative to colonoscopy, together with the lack 
of therapeutic intervention, this method of screening may result in inconvenience, cost, 
and complications of both tests" and that "[b]ased on the current evidence, CTC cannot 



be proposed for population-based colorectal cancer screening."  The assessment 
explained that "[p]atients with colonic symptoms or a personal/family history of polyps 
will benefit more in several ways if they undergo colonoscopy including excision of 
premalignant polyps." 

The assessment concluded, however, that CT colonography can be considered for 
diagnostic purposes in patients in whom performing colonoscopy is clinically 
contraindicated or for those patients who had incomplete colonoscopy because of 
stenosis or obstruction of the colon (Ontario Ministry of Health and Long-Term Care, 
2003).  In support of this conclusion, the assessment reasoned that that CT colonography 
is able to visualize the entire colon in most patients with occlusive tumors or stenosing 
lesions, and that CT colonography may be preferable to barium enema in terms of the 
extent of the proximal colon that can be visualized and in terms of detecting 
extracolonic lesions.  

An American Gastroenterological Association (AGA) Task Force Report (Van Dam, et 
al., 2004) concluded that, although virtual colonoscopy has significant promise, the 
technology is still evolving and results of virtual colonoscopy for screening are highly 
variable. 

According to the University of Michigan Health System’s guidelines on adult preventive 
health care (2004), recommended methods for colon cancer screening include fecal 
occult-blood testing, flexible sigmoidoscopy or colonoscopy.  Winawer (2005) noted 
that “several options are now available for screening of colorectal cancer, and the 
emerging technology of stool DNA testing and virtual colonoscopy shows promise 
…There are quality-control issues at every step.”  van Gelder et al (2005) stated that 
“despite a growing body of evidence, it remains uncertain to what extent patient 
acceptance, radiation issues, flat lesions, and extracolonic findings will be a stumbling 
block to using CT colonography for colorectal cancer screening.” 

An assessment by the Danish Centre for Health Technology Assessment (DACEHTA, 
2005) concluded that "[d]espite the potential economic benefits, CT colonography 
should not replace colonoscopy as the primary diagnostic method in a Danish outpatient 
colonoscopy population. Such a strategy requires further research at a few centres before 
widespread use in routine clinical practice." 

In a meta-analysis on CT colonography, Mulhall et al (2005) concluded that “computed 
tomographic colonography is highly specific, but the range of reported sensitivities is 
wide.  Patient or scanner characteristics do not fully account for this variability, but 
collimation, type of scanner, and mode of imaging explain some of the discrepancy.  
This heterogeneity raises concerns about consistency of performance and about 
technical variability.  These issues must be resolved before CT colonography can be 
advocated for generalized screening for colorectal cancer”.  In an editorial that 
accompanied the article by Mulhall et al, Imperiale (2005) stated that “until we 
understand more about the factors – both within and among institutions – that are 
responsible for the varying sensitivity of CT colonography, we should not recommend it 



as a screening test.” 

An assessment prepared for the Swedish Council on Health Technology Assessment 
(SBU, 2004) summarized current evidence for CT colonography: “Most studies have 
shown that CT colonography offers high diagnostic reliability for malignant tumors and 
polyps 10 mm or larger, inconsistent diagnostic reliability for changes of 5 to 9 mm, and 
insufficient diagnostic reliability for changes smaller than 5 mm. Some studies, 
however, have shown unacceptable diagnostic reliability even for malignant tumors and 
polyps larger than 10 mm.”  The assessment stated that CT colonography may compare 
favorably to barium enema.  The assessment explained: “The extent to which CT 
colonography can replace double-contrast barium enema in patients with disease 
symptoms has not been completely studied since CT colonography almost exclusively 
has been compared to colonoscopy.  However, the diagnostic reliability of CT 
colonography compared to colonoscopy appears to be at least equal to the diagnostic 
reliability of double contrast barium enema compared to colonoscopy.”  The assessment 
explained that one advantage of CT colonography is that, in findings of colon tumors, 
CT colonography can, in the same examination, also provide information on changes in 
adjacent tissues and metastases in the lymph nodes and liver.  The assessment stated that 
another advantage of CT colonography is that patients usually experience less 
discomfort and pain with CT colonography than with conventional colonoscopy and 
double-contrast barium enema.  The assessment noted, however, that it generally is not 
the examination per se that causes the most discomfort for the patient, but the pre-
examination procedure, i.e., the use of laxatives, that is similar in all of the methods of 
examining the colon. 

On the other hand, the National Institute for Health and Clinical Excellence (2005) 
stated that "Current evidence on the safety and efficacy of computed tomographic 
colonoscopy (virtual colonoscopy) appears adequate to support the use of this procedure 
provided that the normal arrangements are in place for consent, audit and clinical 
governance." 

Guidelines on evaluation of patients with lower gastrointestinal bleeding from the 
American Society for Gastrointestinal Endoscopy (2005) state that "[v]irtual 
colonoscopy or computed tomographic (CT) colonography also can be used to rule out a 
proximal colonic lesion in patients who have had an incomplete colonoscopy." 

Virtual colonoscopies should only be performed at centers with an appropriate 
generation of CT scan – a minimum 4 detector CT scanner; collimation of 3 mm or less, 
overlapping sections at an interval that is two-thirds or less of the collimation, and scan 
times should be 30 seconds or less in order to minimize respiratory motion. 
  

CPT Codes / HCPCS Codes / ICD-9 Codes  

CPT codes covered if selection criteria are met: 

0067T  



CPT codes not covered for indications listed in the CPB: 

0066T  

Other CPT codes related to the CPB: 

45378 - 45392 
with 53 
modifier 

 

72192 - 72194  

72195 - 72197  

74150 - 74170   

74181 - 74183  

Other HCPCS codes related to the CPB: 

G0105  Colorectal cancer screening; colonoscopy on individual at high risk  

G0106 Colorectal cancer screening; alternative to G0104, screening 
sigmoidoscopy, barium enema  

G0120 Colorectal cancer screening; alternative to G0105, screening 
colonoscopy, barium enema  

G0121  Colorectal cancer screening; colonoscopy on individual not meeting 
criteria for high risk  

G0122  Colorectal cancer screening; barium enema  

ICD-9 codes covered if selection criteria are met: 

560.81 Intestinal or peritoneal adhesions with obstructions with obstruction 
(postoperative) (postinfection)  

560.89 Other specified intestinal obstruction  

560.9 Unspecified intestinal obstruction  

751.2 Atresia and stenosis of large intestine, rectum, and anal canal  

V58.61 Long-term use of anticoagulants [that cannot be interrupted]  

Other ICD-9 codes related to the CPB: 

153.0 - 153.9 Malignant neoplasm of colon  

154.0  Malignant neoplasm of rectosigmoid junction  

197.5 Secondary malignant neoplasm of large intestine and rectum  

211.3  Benign neoplasm of colon  

211.4 Benign neoplasm of rectum and anal canal  

230.3 Carcinoma in situ of colon  



230.4 Carcinoma in situ of rectum  

230.5 Carcinoma in situ of anal canal  

230.6 Carcinoma in situ of anus, unspecified  

235.2  Neoplasm of uncertain behavior of stomach, intestines, and rectum  

555.1 Regional enteritis of large intestine  

556.0 - 556.9 Ulcerative colitis  

558.1 - 558.9 Other and unspecified non-infectious gastroenteritis and colitis  

562.10  Diverticulosis of colon (without mention of hemorrhage)  

562.11  Diverticulitis of colon without mention of hemorrhage  

562.12  Diverticulosis of colon with hemorrhage  

562.13  Diverticulitis of colon with hemorrhage  

564.1  Irritable bowel syndrome  

564.7 Megacolon, other than Hirschsprung's  

569.0 Anal and rectal polyp  

569.1  Rectal prolapse  

569.3  Hemorrhage of rectum and anus  

V76.51 Special screening for malignant neoplasm of colon   
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Summary of
Recommendation

The USPSTF strongly recommends that
clinicians screen men and women 50 years of age or
older for colorectal cancer. A recommendation.

The USPSTF found fair to good evidence that
several screening methods are effective in reducing

mortality from colorectal cancer.  The USPSTF
concluded that the benefits from screening substantially
outweigh potential harms, but the quality of evidence,
magnitude of benefit, and potential harms vary with
each method.

The USPSTF found good evidence that periodic
fecal occult blood testing (FOBT) reduces mortality
from colorectal cancer and fair evidence that
sigmoidoscopy alone or in combination with FOBT
reduces mortality.  The USPSTF did not find direct
evidence that screening colonoscopy is effective in
reducing colorectal cancer mortality; efficacy of
colonoscopy is supported by its integral role in trials of
FOBT, extrapolation from sigmoidoscopy studies,
limited case-control evidence, and the ability of
colonoscopy to inspect the proximal colon.  Double-
contrast barium enema offers an alternative means of
whole-bowel examination, but it is less sensitive than
colonoscopy, and there is no direct evidence that it is
effective in reducing mortality rates.  The USPSTF
found insufficient evidence that newer screening
technologies (for example, computed tomographic
colography) are effective in improving health outcomes.

There are insufficient data to determine which
strategy is best in terms of the balance of benefits and
potential harms or cost-effectiveness.  Studies reviewed
by the USPSTF indicate that colorectal cancer
screening is likely to be cost-effective (less than $30,000
per additional year of life gained) regardless of the
strategy chosen.  

It is unclear whether the increased accuracy of
colonoscopy compared with alternative screening
methods (for example, the identification of lesions that
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Screening for Colorectal Cancer

U.S. Preventive Services Task Force

Recommendations and Rationale

This statement summarizes the current U.S.
Preventive Services Task Force (USPSTF)
recommendations on screening for colorectal
cancer and the supporting scientific evidence, and
it updates the 1996 recommendations contained
in the Guide to Clinical Preventive Services, second
edition.1 At that time, the USPSTF
recommended screening for colorectal cancer with
annual fecal occult blood testing (FOBT),
periodic sigmoidoscopy, or the combination of
FOBT and sigmoidoscopy but concluded that the
evidence was insufficient to recommend for or
against colonoscopy or barium enema.
Explanations of the ratings and of the strength of
overall evidence are given in Appendix A and
Appendix B, respectively. The complete
information on which this statement is based,
including evidence tables and references, is
available in the article Screening for Colorectal
Cancer in Adults at Average Risk: A Summary of
the Evidence for the U.S. Preventive Services Task
Force2 (which follows this recommendation) and
in the Systematic Evidence Review3 on this topic.
These documents can be obtained through the
USPSTF Web site (www. preventive
services.ahrq.gov), and through the National
Guideline Clearinghouse (www.guideline.gov).
The summary of the evidence and the
recommendation statement are also available in
print through the AHRQ Publications
Clearinghouse (call 1-800-358-9295 or e-mail
ahrqpubs@ahrq.gov). 
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FOBT and flexible sigmoidoscopy would not detect)
offsets the procedure’s additional complications,
inconvenience, and costs.

Clinical Considerations
• Potential screening options for colorectal cancer

include home FOBT, flexible sigmoidoscopy, the
combination of home FOBT and flexible
sigmoidoscopy, colonoscopy, and double-contrast
barium enema. Each option has advantages and
disadvantages that may vary for individual
patients and practice settings.  The choice of
specific screening strategy should be based on
patient preferences, medical contraindications,
patient adherence, and available resources for
testing and follow-up.  Clinicians should talk to
patients about the benefits and potential harms
associated with each option before selecting a
screening strategy.

• The optimal interval for screening depends on
the test.  Annual FOBT offers greater reductions
in mortality rates than biennial screening but
produces more false-positive results.  A 10-year
interval has been recommended for colonoscopy
on the basis of evidence regarding the natural
history of adenomatous polyps.  Shorter intervals
(5 years) have been recommended for flexible
sigmoidoscopy and double-contrast barium
enema because of their lower sensitivity, but there
is no direct evidence with which to determine the
optimal interval for tests other than FOBT.
Case-control studies have suggested that
sigmoidoscopy every 10 years may be as effective
as sigmoidoscopy performed at shorter intervals.

• The USPSTF recommends initiating screening at
50 years of age for men and women at average
risk for colorectal cancer, based on the incidence
of cancer above this age in the general
population.  In persons at higher risk (for
example, those with a first-degree relative who
receives a diagnosis with colorectal cancer before
60 years of age), initiating screening at an earlier
age is reasonable.

• Expert guidelines exist for screening very high-
risk patients, including those with a history

suggestive of familial polyposis or hereditary
nonpolyposis colorectal cancer, or those with a
personal history of ulcerative colitis.4 Early
screening with colonoscopy may be appropriate,
and genetic counseling or testing may be
indicated for patients with genetic syndromes.

• The appropriate age at which colorectal cancer
screening should be discontinued is not known.
Screening studies have generally been restricted to
patients younger than 80 years of age, with
colorectal cancer mortality rates beginning to
decrease within 5 years of initiating screening.
Yield of screening should increase in older
persons (because of higher incidence of colorectal
cancer), but benefits may be limited as a result of
competing causes of death.  Discontinuing
screening is therefore reasonable in patients
whose age or comorbid conditions limit life
expectancy.

• Proven methods of FOBT screening use guaiac-
based test cards prepared at home by patients
from three consecutive stool samples and
forwarded to the clinician.  Whether patients
need to restrict their diet and avoid certain
medications is not established.  Rehydration of
the specimens before testing increases the
sensitivity of FOBT but substantially increases
the number of false-positive test results.  Neither
digital rectal examination (DRE) nor the testing
of a single stool specimen obtained during DRE
is recommended as an adequate screening strategy
for colorectal cancer.

• The combination of FOBT and sigmoidoscopy
may detect more cancers and more large polyps
than either test alone, but the additional benefits
and potential harms of combining the two tests
are uncertain.  In general, FOBT should precede
sigmoidoscopy because a positive test result is an
indication for colonoscopy, obviating the need for
sigmoidoscopy.

• Colonoscopy is the most sensitive and specific
test for detecting cancer and large polyps but is
associated with higher risks than other screening
tests for colorectal cancer.  These include a small
risk for bleeding and risk for perforation,
primarily associated with removal of polyps or
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biopsies performed during screening.
Colonoscopy also usually requires more highly
trained personnel, overnight bowel preparation,
sedation, and longer recovery time, which may
necessitate transportation for the patient.  It is
not certain whether the potential added benefits
of colonoscopy relative to screening alternatives
are large enough to justify the added risks and
inconvenience for all patients.

• Initial costs of colonoscopy are higher than the
costs of other tests.  Estimates of cost-
effectiveness, however, suggest that, from a
societal perspective, compared with no screening,
all methods of colorectal cancer screening are
likely to be as cost-effective as many other clinical
preventive services—less than $30,000 per
additional year of life gained.

Scientific Evidence

Epidemiology and Clinical
Consequences

Colorectal cancer is the fourth most common
cancer in the United States and the second leading
cause of cancer death.  A person at age 50 has about
a 5% lifetime risk of being diagnosed with colorectal
cancer and a 2.5% chance of dying from it4; the
average patient dying of colorectal cancer loses 13
years of life.5

More than 80% of colorectal cancers arise from
adenomatous polyps.  Although fewer than 1% of
adenomatous polyps less than 1 cm will eventually
develop into cancer, 10% of adenomatous polyps
greater than 1 cm become malignant within 10
years, and about 25% become malignant after 20
years.6 The prevalence of adenomatous polyps
increases from 20% to 25% at age 50 to 50% by age
75-80.7

Most colorectal cancers occur in persons at
average risk, but 20% occur among patients with
specific risk factors, such as those with a family
history of colorectal cancer in a first-degree relative.
A small proportion (6%) is associated with
uncommon genetic syndromes such as familial
adenomatous polyposis [FAP] or hereditary

nonpolyposis colorectal cancer [HNPCC].  Other
persons at increased risk include patients with
longstanding ulcerative colitis, persons with
previously diagnosed large adenomatous polyps or
colorectal cancer, and those with a family history of
adenomatous polyps diagnosed before age 60.

Accuracy and Reliability of
Screening Tests

The USPSTF reviewed evidence of the
effectiveness of the following screening tests for
colorectal cancer: DRE, FOBT, sigmoidoscopy,
colonoscopy, DCBE, and CT colography, singly and
in various combinations.

Digital Rectal Examination/Office FOBT

There is little evidence to determine the
effectiveness of either DRE or a single office FOBT
using a stool sample obtained on DRE.  Fewer than
10% of colorectal cancers arise within reach of the
examining finger, and some of these lesions will
already be symptomatic.  The sensitivity of a single
office FOBT is likely to be substantially lower than
that of screening protocols involving multiple test
cards: in 1 study the first test card would have
missed 42% of cancers detected by screening.8

Samples collected by DRE may be affected by other
limitations, including inadequate amount of stool or
trauma from the exam.

Fecal Occult Blood Testing

Sensitivity of FOBT screening varies with the
testing protocol.  Sensitivity and specificity of a
single test have been estimated at 40% and 96% to
98%, respectively.  Hydration of specimen increases
sensitivity (60%) but reduces specificity (90%).9 Of
patients who have a positive FOBT using rehydrated
slides, only 2% will have cancer; 6% to 8% will have
cancer or a large polyp.  Using unrehydrated
specimens, 5% to 18% of patients with a positive
test will have cancer; 20% to 40% will have large
polyps or cancer. The probability of cancer increases
as the number of positive test windows increase.
Tests that incorporate quantitative measures of heme
and genetic stool markers have not been evaluated
with respect to mortality reduction.  Sensitivity and
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specificity change when screening is analyzed as a
program of periodic screens.  Annual screening with
hydrated specimens detected 49% of all incident
cancers, but 38% of all subjects had at least 1
colonoscopy due to positive results.10 Programs
using unrehydrated specimens and/or biennial
testing detect a smaller proportion of cancers (27%
to 39%) but require fewer colonoscopies (5% to
28%).11,12

Sigmoidoscopy

First-time sigmoidoscopic screening detects
approximately 7 cancers and about 60 large or high-
risk polyps per 1,000 examinations.13 Although
sigmoidoscopy can only visualize the lower half of
the colon,14 it has been estimated to identify 80% of
all patients with significant findings in the colon,
because findings on sigmoidoscopy will trigger
examination of the entire colon.   It is difficult to
quantify the “false-positive” rate of endoscopic
screening, but screening may lead to the removal of
many polyps that are of low malignant potential or
that would not have caused clinical disease.

FOBT and Sigmoidoscopy

Combining FOBT and periodic sigmoidoscopy
has been advocated to improve the sensitivity of
screening.  In 3 recent randomized trials, performing
flexible sigmoidoscopy in addition to FOBT yielded
approximately 7 additional cancers or large polyps
per 1,000 patients compared to FOBT alone.3

Adding FOBT did not improve the yield over
sigmoidoscopy alone at the initial screening in these
studies, which used flexible sigmoidoscopy, but did
in an earlier study that used rigid sigmoidoscopy.
Whether additional rounds of FOBT screening will
have added benefits over flexible sigmoidoscopy has
not been assessed.

Double Contrast Barium Enema

Most studies of DCBE have important
limitations for determining accuracy in an
asymptomatic screening population.  Previous
studies have reported high sensitivity (86% to 90%)
of DCBE for colorectal cancer and polyps, and high
specificity (95%).  In the National Polyp Study,

however, DCBE detected only 48% of polyps
greater than 1 cm.15 Sensitivity might be higher in a
typical screening population where the proportion of
large polyps is higher. Specificity of DCBE in this
study was 85%.

Colonoscopy

Colonoscopy recently has been advocated for
screening, usually at 10-year intervals or as a once-
in-a-lifetime examination at age 55-65.  The
accuracy of colonoscopy is difficult to evaluate
because it is usually considered the criterion
standard.  Estimated sensitivity of a single exam is
90% for large polyps and 75% for small polyps (less
than 1 cm).16 As with sigmoidoscopy, specificity is
difficult to define.  Many patients will have polyps
detected or removed on colonoscopy, but only a
minority of those would have developed cancer.

Computed Tomography (CT)
Colography

CT colography, or “virtual colonoscopy,” is a
noninvasive procedure for producing images of the
colonic lumen.  The examination, which can be
performed in 10 to 15 minutes, currently requires a
preparation similar to colonoscopy, followed by
installation of air through a rectal tube.   Although
CT colography can be relatively sensitive and
specific in research settings (85% to 90%), recent
reports have suggested lower accuracy when
performed by less experienced examiners. Small and
flat polyps are less well visualized on CT colography
than are cancers and large polyps. Studies have not
yet examined clinical outcomes with CT colography
screening.

Effectiveness of Early Detection

Fecal Occult Blood Testing

Three randomized controlled trials (RCTs), all
using the Hemoccult® test kit, show reductions in
risk of death from colorectal cancer from 15% to
33% from periodic FOBT screening.  Two European
trials, which randomized patients prior to agreement
to participate and used biennial screening and
unrehydrated test cards, found 15% to 18%
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reductions in mortality.11,12 In a U.S. study, which
randomized volunteers and used rehydrated test
cards, colorectal cancer mortality after 18 years of
follow-up was 33% lower among persons advised to
undergo annual FOBT than among controls who
received usual care  (9.46 versus 14.09 deaths per
1,000 patients screened); biennial screening reduced
mortality by 21%.10,17 A fourth trial conducted in
Sweden has not reported final mortality results, but
no significant mortality reduction was reported after
2 rounds of rehydrated testing (RR, 0.88; 95% CI,
0.69 to 1.12).

Sigmoidoscopy

Current evidence of the effectiveness of
sigmoidoscopy is limited to several well-designed
case-control studies, but 2 ongoing RCTs of
screening with flexible sigmoidoscopy are expected
to report results within 5 years.  A case-control study
in a large health plan that had implemented rigid
sigmoidoscopy screening suggested that screening
reduced the risk of death from cancers within reach
of the rigid sigmoidoscope by 59%.18 A second case-
control study in which 75% of the examinations
were performed with a flexible instrument found
similar protection.19

FOBT and Sigmoidoscopy

No RCTs have examined whether combining
FOBT and sigmoidoscopy would lower mortality or
morbidity more than either test alone.  In a
nonrandomized, controlled study involving more
than 12,000 first-time attendees at a preventive-
health clinic screened using rigid sigmoidoscopy, the
addition of  FOBT detected more cancers  on initial
screening than sigmoidoscopy alone, but mortality
after 9 years was not significantly lower (0.36 per
1,000 patient-years in patients receiving both tests
versus 0.63 per 1,000 patient years in controls; P =
0.11).20 Whether results are generalizable to flexible
sigmoidoscopy is uncertain. 

Double Contrast Barium Enema

No trial has examined the ability of screening
barium enema to reduce the incidence or mortality
from colorectal cancer.

Colonoscopy

The effectiveness of colonoscopy to prevent
colorectal cancer or mortality has not been tested in
a randomized clinical trial.  The National Polyp
Study, a randomized trial of different intervals of
surveillance after polypectomy, estimated that 76%
to 90% of cancers could be prevented by regular
colonoscopic surveillance exams.21 These results
should be interpreted with caution, however, because
they are based on historical controls, and trial
participants had more complete polyp removal than
may occur in the screening setting.  A single case-
control study suggests that colonoscopy is associated
with lower incidence of colon cancer (odds ratio
[OR], 0.47; 95% CI, 0.37 to 0.58) and lower
mortality from colorectal cancer (OR,  0.43;95%
CI, 0.30 to 0.63).22 Slightly greater benefits of
colonoscopy have been predicted in models that
project benefits based on sensitivity of screening and
rates of polyp progression.

CT colography

No studies have evaluated the effectiveness of CT
colography in reducing morbidity or mortality from
colorectal cancer.

When to Start or Stop Screening
for Colorectal Cancer

There are few data to determine optimal age for
starting or stopping screening.  FOBT has been
proven effective for persons aged 50-80 and
sigmoidoscopy is associated with reduced mortality
in persons older than 45.  One cost-effectiveness
model suggests that beginning screening at age 40
rather than at age 50 would offer less than a 1-day
average improvement in life expectancy. Randomized
trials suggest that a life expectancy of at least 5 years
may be required to realize the benefits of screening.

Potential Harms of Screening
FOBT has few potential harms but false-positive

tests can lead to invasive procedures such as
colonoscopy.  Sigmoidoscopy can, in rare instances,
lead to bowel perforation  (1 to 2 per 10,000
examinations).23 In a study of 1,235 screening
sigmoidoscopies, adverse effects included pain
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(14%), anxiety, bleeding (3%), gas or flatus (25%),
but no perforations.13 One patient died from
complications after surgery to remove a severely
dysplastic adenoma.  A survey of barium enema
experience reported that important complications of
any type occurred in 1 in 10,000 examinations;
perforation occurred in 1 in 25,000 examinations;
death in 1 in 55,000 examinations.24

Screening colonoscopy poses higher risks than
FOBT or sigmoidoscopy, both because it is a more
invasive procedure and because generally it is used
with conscious sedation, which may lead to
complications. The risks of colonsocopy depend on
whether it is used simply for screening and
diagnosis, or whether it is also used for therapeutic
procedures (eg, removal of polyps).  In 2 studies of
screening colonoscopies in more than 5,000 patients,
0.2% to 0.3% had major complications during or
immediately after the procedures, the most common
being bleeding requiring hospitalization or
emergency care.25,26

Risks are higher in therapeutic procedures (eg,
when polypectomy is performed) than in diagnostic
or screening procedures.  Rates of perforation for
diagnostic procedures in 16 published studies ranged
from 0.03% to 0.61%.  There are few data on
bleeding complications, but 1 study reported no
bleeding events in 250 patients.3

The complication rates for therapeutic procedures
were higher in some studies: 0.07% to 0.72% for
perforations and 0.2% to 2.67% for bleeding.
Death was rare (between 1 in 16,000 to 1 in
27,000) and more likely in symptomatic patients
with acute problems or those with comorbid
conditions. The mortality rate as a result of
screening is likely to be on the lower end of this
range. Complication rates could increase, however, if
widespread adoption of colonoscopy leads to more
procedures by less skilled endoscopists.  Data are
lacking on complications of CT colography.

Patient Preferences and
Adherence

Some patients report that they find the FOBT
unpleasant or difficult to perform, but 50% to 70%

of patients will complete FOBT when advised to by
a clinician.  A reminder system can increase
adherence rates by an average of 14%.  Studies
conducted in primary care settings have found rates
of adherence for sigmoidoscopy to be 25% to 50%
for the initial test, but there are no data on
adherence to repeat examinations.  When given
information about screening options and offered the
choice of FOBT alone, sigmoidoscopy alone, or
both tests together, most patients in an academic
internal medicine clinic preferred both tests or
FOBT alone; only 8% to 13% preferred
sigmoidoscopy alone.27 However, patient adherence
to combined testing is lower than it is for
sigmoidoscopy or FOBT alone. Patients’ acceptance
of barium enema screening has not been evaluated.  

Studies examining the relative discomfort of
barium enema and colonoscopy have produced
inconsistent results.  In 1 study of patients in a
population with considerable previous screening
experience, 38% preferred colonoscopy to other
methods. The acceptability and feasibility of CT
colography have not been examined. 

Cost and Cost-effectiveness
Among 6 high-quality cost-effectiveness analyses

examining only direct costs, the average cost-
effectiveness ratio values for screening adults older
than 50 with each of the major strategies were under
$30,000 per life-year saved (Year 2000 dollars).3

Studies varied as to which strategy was most cost-
effective, however.

Recommendations of Others
The American Cancer Society recommends

screening people at average risk for colorectal cancer
beginning at 50 years of age by (1) FOBT annually,
(2) flexible sigmoidoscopy every 5 years, (3) annual
FOBT plus flexible sigmoidoscopy every 5 years, (4)
double-contrast barium enema every 5 years, or (5)
colonoscopy every 10 years.28 The American Cancer
Society does not recommend DRE as a stand-alone
screening test for colorectal cancer.  Similar
recommendations are issued by the American
College of Surgeons, the American College of
Obstetricians and Gynecologists, and the American
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Academy of Family Physicians.29-31 The American
Gastroenterological Association, as part of a
consortium of related professional organizations, also
issues similar recommendations, which are currently
being updated.4 The American College of
Physicians–American Society of Internal Medicine
does not have current guidelines on screening.6 The
Canadian Task Force on Preventive Health Care
concludes that there is good evidence to recommend
annual or biennial FOBT and fair evidence to
recommend sigmoidoscopy as part of the periodic
health examination in average-risk adults after age
50 years; evidence is insufficient to recommend for
or against colonosopy or combined FOBT and
sigmoidscopy.32
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Appendix A
U.S. Preventive Services Task Force - Recommendations and Ratings

The Task Force grades its recommendations according to one of 5 classifications (A, B, C, D, I)
reflecting the strength of evidence and magnitude of net benefit (benefits minus harms):

A. The USPSTF strongly recommends that clinicians routinely provide [the service] to eligible patients.  The
USPSTF found good evidence that [the service] improves important health outcomes and concludes that benefits
substantially outweigh harms.

B. The USPSTF recommends that clinicians routinely provide [the service] to eligible patients.  The
USPSTF found at least fair evidence that [the service] improves important health outcomes and concludes that
benefits outweigh harms.

C. The USPSTF makes no recommendation for or against routine provision of [the service].  The USPSTF
found at least fair evidence that [the service] can improve health outcomes but concludes that the balance of
benefits and harms is too close to justify a general recommendation.

D. The USPSTF recommends against routinely providing [the service] to asymptomatic patients.  The
USPSTF found at least fair evidence that [the service] is ineffective or that harms outweigh benefits.

I. The USPSTF concludes that the evidence is insufficient to recommend for or against routinely providing
[the service].  Evidence that [the service] is effective is lacking, of poor quality, or conflicting and the balance of
benefits and harms cannot be determined.

Appendix B
U.S. Preventive Services Task Force - Strength of Overall Evidence

The USPSTF grades the quality of the overall evidence for a service on a 3-point scale (good, fair, poor):

Good: Evidence includes consistent results from well-designed, well-conducted studies in representative
populations that directly assess effects on health outcomes.

Fair: Evidence is sufficient to determine effects on health outcomes, but the strength of the evidence is
limited by the number, quality, or consistency of the individual studies, generalizability to routine
practice, or indirect nature of the evidence on health outcomes.

Poor: Evidence is insufficient to assess the effects on health outcomes because of limited number or power
of studies, important flaws in their design or conduct, gaps in the chain of evidence, or lack of
information on important health outcomes.
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Summary of Evidence  

Note: Separate PDQ summaries on Prevention of Colorectal Cancer 1; Colon Cancer Treatment 2; and Rectal 
Cancer Treatment 3 are also available. 

Based on solid evidence, screening for colorectal cancer (CRC) reduces CRC mortality, but there is little 
evidence that it reduces all cause mortality, possibly because of an observed increase in other causes of death.
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Table 1. Effect of Screening 
Intervention on Reducing Mortality 
from Colorectal Cancer* 

Enlarge 4  
   

Fecal Occult 
Blood Test    Sigmoidoscopy   

Digital 
Rectal 
Exam    

*There are no data on the effect of other screening interventions (i.e., FOBT/sigmoidoscopy, barium 
enema, colonoscopy, computed tomographic [CT] colonography, and stool DNA mutation tests) on 
mortality from colorectal cancer.  

Study Design  Randomized 
controlled trials 

Case-control studies, 
randomized controlled trials in 
progress 

Case-
control 
studies 

Internal Validity  Good Fair Fair 

Consistency  Good  Fair Good 

Magnitude of Effects  15%–33%  About 50% for left colon No effect 

External Validity  Fair Poor Poor 
 
Table 2. 
Effect of 
Screening 
Intervention 
on 
Surrogate 
Endpoints 
(e.g., stage 
at diagnosis, 
adenoma 
detection) 

Enlarge 5  
   

Sigmoidoscopy 
[1,2]    

FOBT/ 
Sigmoidoscopy 

[3,4]   

Barium 
Enema [5]  

Colonoscopy 
[6,7]   

CT 
Colonography 

[8-10]    

Stool 
DNA 

Mutation 
Tests 
[11]   

CT = computed tomography; FOBT = fecal occult blood test.  

Study 
Design  

Case-control 
studies 

Randomized 
controlled 
studies 

Ecologic 
and 
descriptive 
studies 

Ecologic and 
descriptive 
studies 

Ecologic and 
descriptive 
studies 

Studies in 
progress 

Internal 
Validity  

Poor Fair Fair Fair Fair Unknown

Consistency  Fair Poor Poor Poor Poor Unknown

Magnitude About 45% No difference Barium About 3% of CT Unknown
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of Effects on 
Surrogate 
Endpoints  

decrease in 
detection rate 
of cancers 
compared to 
colonoscopy 

in diagnostic 
yield between 
sigmoidoscopy 
+ FOBT vs. 
sigmoidoscopy 
alone 

enema 
detects 
about 30%–
50% of 
cancers 
detected by 
colonoscopy

patients with 
no distal 
adenomas 
have 
advanced 
proximal 
neoplasia. 
There is a 
threefold 
increase in 
this rate in 
patients with 
distal 
adenomas. 

colonography 
may have 
similar 
sensitivity to 
colonoscopy in 
certain centers. 

External 
Validity  

Poor N/A  N/A N/A  Poor Unknown
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Significance  

Colorectal cancer (CRC) is the third most common malignant neoplasm worldwide [1] and the second 
leading cause of cancer deaths in the United States.[2] It is estimated that there will be 153,760 new cases 
diagnosed in the United States in 2007 and 52,180 deaths due to this disease.[2] Between 1973 and 1995, 
mortality from CRC declined by 20.5%, and incidence declined by 7.4% in the United States. The incidence 
is higher in men than in women. It ranges from 48.3 per 100,000 per year in Hispanic men to 72.5 in African 
American men. In women it ranges from 32.3 in Hispanics to 56.0 in African Americans per 100,000 per 
year. The age-adjusted mortality rates for men and women are 24.8 in men and 17.4 in women.[3,4] About 
6% of Americans are expected to develop the disease within their lifetime.[3] Age-specific incidence and 
mortality rates show that most cases are diagnosed after 50 years of age.[3]  

Among the groups that have a high incidence of CRC are those with hereditary conditions, such as familial 
adenomatous polyposis and hereditary nonpolyposis CRC (inherited in an autosomal dominant manner). 
Combined, the two groups account for no more than 6% of CRCs. More common conditions associated with 
an increased risk include a personal history of CRC or adenomas; first-degree relative with CRC; first-degree 
relative with adenomas diagnosed before 60 years of age;[5] a personal history of ovarian, endometrial, or 
breast cancer; and a personal history of long-standing chronic ulcerative colitis or Crohn colitis.[6-8] These 
high-risk groups account for about a quarter of all CRCs. Limiting screening or early cancer detection to only 
these high-risk groups would miss the majority of CRCs.[9]  

Genetic,[10] experimental, and epidemiologic [11] studies suggest that CRC results from complex 
interactions between inherited susceptibility and environmental or lifestyle factors. Efforts to identify causes 
and to develop effective preventive measures led to the hypothesis that adenomatous polyps (adenomas) are 
precursors for the vast majority of CRCs.[12] In effect, measures that reduce the incidence and prevalence of 
adenomas may result in a subsequent decrease in the risk of CRC.[13] In addition, the formation and 
spontaneous regression of adenomas may also be a dynamic process.[14] 
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Fecal Occult Blood Test  

There are five controlled clinical trials that have been completed or that are in progress to evaluate the 
efficacy of screening utilizing the fecal occult blood test (FOBT). The Swedish trial is a targeted study for the 
group aged 60 to 64 years.[1] The English program selects candidates from lists of family practitioners.[2] 
The Danish trial offers screening to a population aged 45 to 75 years randomly assigned to a control and a 
study group.[3,4] The Memorial Sloan-Kettering Cancer Center-Strang Clinic (MSKCC) trial, completed in 
1985, was an evaluation of the FOBT as a supplement to annual rigid sigmoidoscopy.[5] The study and 
control groups were selected by calendar periods.  

The Minnesota trial demonstrated that annual FOBT testing using primarily rehydrated samples decreased 
mortality from CRC by 33% [6] and that biennial testing developed a 21% relative mortality reduction.[7] A 
large part of the reduction may be attributed to chance detection of cancer by colonoscopies; rehydration of 
guaiac test slides greatly increased positivity and consequently increased the number of colonoscopies 
performed.[8] Subsequent analyses by the Minnesota investigators using mathematical modeling suggested 
that for 75% to 84% of the patients mortality reduction was achieved because of sensitive detection of CRCs 
by the test; chance detection played a minor role (16%–25% of the reduction).[9] Nearly 85% of patients with 
a positive test underwent diagnostic procedures that included colonoscopy or double-contrast barium enema 
plus flexible sigmoidoscopy (FS). After 18 years of follow-up, the incidence of CRC was reduced by 20% in 
the annually screened arm and 17% in the biennially screened arm.[10]  

The English trial allocated approximately 76,000 individuals to each arm. Those in the screened arm were 
offered nonrehydrated FOBT testing every 2 years for three to six rounds from 1985 to 1995. Median follow-
up time was 7.8 years. Sixty percent completed at least one test; 38% completed all tests. Cumulative 
incidence of CRC was similar in both arms. The trial reported a relative risk reduction of 15% in CRC 
mortality (odds ratio [OR] = 0.85; 95% confidence interval [CI], 0.74–0.98).[11] In this study, the serious 
complication rate of colonoscopy was 0.5 %. There were five deaths within 30 days of surgery for screen-
detected CRC or adenoma out of a total of 75,253 individuals screened.[12] After a median follow-up of 11.8 
years, a difference in CRC incidence between the intervention and control groups was not observed. Overall, 
the disease-specific mortality-rate-ratio associated with screening was 0.87 (0.78–0.97, P = .01). The rate 
ratio for death from all causes was 1.00 (0.98–1.02, P = .79).[13]  

The Danish trial in Funen, Denmark, entered approximately 31,000 individuals into each of two arms, in 
which individuals in the screened arm were offered nonrehydrated FOBT testing every 2 years for nine 
rounds over a 17-year period. Sixty-seven percent completed the first screen, and more than 90% of 
individuals invited to each subsequent screen underwent FOBT testing. This trial demonstrated an 18% 
reduction in CRC mortality at 10 years of follow-up,[14] 15% at 13 years of follow-up (relative risk [RR] = 
0.85; 95% CI, 0.73–1.00),[15] and 11% at 17 years of follow-up (RR = 0.89; 95% CI, 0.78–1.01).[16] CRC 
incidence and overall mortality was virtually identical in both arms.  

All trials have shown a more favorable stage distribution in the screened population compared with controls 
(Table 3 8). For example, data from the Danish trial indicate that while the cumulative incidence of CRC was 
similar in the screened and control groups, a higher percentage of CRCs and adenomas were Dukes A and B 
lesions in the screened group.[14] A meta-analysis of all previously reported randomized trials using biennial 
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FOBT showed no overall mortality reduction by FOBT screening (RR = 1.002; 95% CI, 0.989–1.085). The 
RR of CRC death in the FOBT arm was 0.87 (95% CI, 0.8–0.95), and the RR of non-CRC death in the FOBT 
group was 1.02 (95% CI, 1.00–1.04, P = .015).[17] 

The MSKCC study evaluated compliance and effectiveness, in a setting of comprehensive medical 
examinations, of using the FOBT in conjunction with sigmoidoscopy to screen for CRC. From 1975 to 1979, 
a total of 21,756 patients (aged 40 years and older) who presented at the Preventive Medicine Institute-Strang 
Clinic for routine medical evaluations were enrolled by calendar period into study and control groups. Study 
patients were offered annually both rigid sigmoidoscopy examinations and FOBTs requiring two stool 
specimens per day for 3 days, while control patients were offered only annual sigmoidoscopy. Trial I was 
primarily a demonstration of feasibility of using the FOBT as a supplemental screening method. Trial II was 
an evaluation of effectiveness. In Trial II, CRC mortality was lower in the study group than in the control 
group (0.36 vs. 0.63 per 1,000), a nonstatistically significant result (P = .053).  

Mathematical models have been constructed to extrapolate the results of screening trials to screening 
programs for the general population in community health care delivery settings. These models project a 
reduction in CRC mortality or an increase in life expectancy using currently available screening 
methodology.[18-21] The anticipated success of such methodology is critically dependent on the appropriate 
use of the FOBT and an effective clinical management plan.[22,23]  

A systematic review done through the Cochrane Collaboration examined all CRC screening randomized trials 
that involved FOBT testing on more than one occasion. The combined results showed that trial participants 
allocated to screening had a 16% lower CRC mortality (RR = 0.84; 95% CI, 0.78–0.90). There was, however, 
no difference in all-cause mortality between the screened and control groups (RR = 1.00; 95% CI, 0.99–1.02). 
Furthermore, the trials reported a low positive predictive value for the FOBT test, suggesting that more than 
80% of all positive tests were false-positives.[24] 

In general, on initial (prevalence) examinations, from 1% to 5% of unselected persons tested with FOBT have 
positive test results. Of those with positive test results, approximately 2% to 10% have cancer and 
approximately 20% to 30% have adenomas,[25,26] depending on how the test is done. Data from randomized 
controlled trials are summarized in Table 3.  

Table 3. Randomized 
Controlled Screening 
Trials: Fecal Occult 
Blood Testing 

Enlarge 9  
Site   

Population 
Size    

Positivity 
Rate (%)    * % Localized   Testing 

Interval   

Relative 
Mortality 

Reduction   

* % Localized = T1–3 N0 M0.  

 Screened Control  

48,000  unrehydrated: 
2.4%  

59  53  Annual  33% Minnesota [6,7]  

 rehydrated:   Biennial  21% 
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9.8%  

United Kingdom [11]  150,000  unrehydrated: 
2.1%  

52 44  Biennial  15% 

Denmark [14]  62,000  unrehydrated: 
1.0%  

56 48  Biennial  18% 

27,000  unrehydrated: 
1.9% 

65 33  not available Sweden [1] 

 rehydrated: 
5.8%  

    

 
Newer FOBTs: Nonrandomized Controlled Trial Evidence  

Newer FOBTs have been developed to detect human hemoglobin (immunochemical fecal occult blood test or 
iFOBT) in contrast to the peroxidase-like activity that is detected by the guaiac-based FOBT (gFOBT) 
studied in the randomized controlled trials above.  

In a study of 1,000 persons having a colonoscopy and iFOBT done on three bowel movements, the sensitivity 
and specificity for CRC was 94% and 87%; for advanced adenoma and CRC, it was 67% and 91%.[27] In 
another study using a different iFOBT, tested in one bowel movement, the sensitivity for CRC was 66% and 
for advanced adenoma and CRC, the sensitivity was 27%; specificity was 95%.[28] These sensitivities are 
much higher than the 13% to 39% sensitivity for CRC using gFOBT when studied in a similar way. 

Sigmoidoscopy  

The flexible fiberoptic sigmoidoscope was introduced in 1969. The 60 cm flexible sigmoidoscope became 
available in 1976.[29] The flexible sigmoidoscope permits a more complete examination of the distal colon 
with more acceptable patient tolerance than the older rigid sigmoidoscope. The rigid instrument can discover 
25% of polyps, and the 60 cm scope can find as many as 65%. The finding of an adenoma by FS may warrant 
colonoscopy to evaluate the more proximal portion of the colon.[30,31] The prevalence of advanced proximal 
neoplasia is increased in patients with a villous or tubulovillous adenoma distally and is also increased in 
those 65 years or older with a positive family history of CRC and with multiple distal adenomas.[32] 
Removal of adenomas is associated with a decreased risk of subsequent CRC.[33] While most of these 
adenomas are polypoid, flat and depressed lesions may be more prevalent than previously recognized. Large 
flat and depressed lesions are more likely to be severely dysplastic. Specialized techniques may be needed to 
identify, biopsy, and remove such lesions.[34]  

Virtually all screening studies using these types of sigmoidoscopes have demonstrated an increase in the 
proportion of early cases and a corresponding increase in survival compared with cases diagnosed in a 
nonscreening environment. Most of these studies, however, lack appropriate comparison groups, and their 
interpretation is unclear because of screening biases.  

The Memorial-Strang Clinic sigmoidoscopy study was conducted between 1946 and 1954 in 26,124 
patients.[35] The survival rate in the 58 patients found to have cancer was 90% after a follow-up period of 15 
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years. There were, however, neither controls nor adjustment for biases.  

One study was conducted over a 25-year period with 18,158 patients who underwent periodic rigid 
sigmoidoscopy with removal of polyps.[36] This study showed a significant reduction in the incidence of 
cancer in the rectosigmoid colon when compared with statewide data. There were 14 rectal cancers in the 
study group, which was only 15% of the expected incidence in that state. This study, however, was not 
controlled and provided minimal follow-up data.  

The Kaiser-Permanente Multiphasic Health Checkup was a randomized study of 10,713 health plan members 
between the ages of 35 and 54 years; after 16 years, the study reported a more favorable stage distribution and
survival rate and a reduction in mortality between the study and control groups (12 vs. 29 deaths), which was 
statistically significant.[37] In a re-evaluation considering only those cancers within reach of the 
sigmoidoscope, no statistical difference, however, could be demonstrated.  

Two case-control studies have been reported that evaluate the efficacy of screening sigmoidoscopy in 
preventing CRC mortality;[38,39] one study used rigid sigmoidoscopy, and the other used rigid and FS. Both 
studies were conducted in prepaid health plans and suggested a significantly decreased risk (70%–90%) of 
fatal cancer of the distal colon or rectum among individuals with a history of one or more sigmoidoscopic 
examinations compared with nonscreened patients. In a multicenter study of colon cancer in northern 
California and Utah, sigmoidoscopic screening was associated with a decreased incidence of colon cancer in 
both men (OR = 0.56; 95% CI, 0.44–0.77) and women (OR = 0.53; 95% CI, 0.33–0.77) after adjusting for 
other risk factors for colon cancer.[40] A population-based mass screening program with proctoscopy for 
CRC in one Chinese province was associated with a reduction in incidence and mortality from rectal cancer. 
Mortality decreased from 4.20 (in 1974–1976) per 100,000 to 2.98 (in 1992–1996) per 100,000.[41] 

In a population-based, case-control study in Germany, 39%, 77%, and 64% of proximal, distal, and total 
CRCs, respectively, were estimated to be preventable by colonoscopy. The estimated proportion of total 
CRCs preventable by sigmoidoscopy was 45% among both women and men, assuming that sigmoidoscopy 
reaches the junction of the descending and sigmoid colon only and that findings of distal polyps are not 
followed by colonoscopy. Assuming that sigmoidoscopy reaches the splenic flexure and colonoscopy is done 
after detection of distal polyps, estimated proportions of total CRCs preventable by sigmoidoscopy increased 
to 50% and 55% (73% and 91% of total CRCs preventable by primary colonoscopy) among women and men, 
respectively. 

Based on an extensive evidence-based review, guidelines have been formulated by representatives from a 
consortium of medical societies for screening and surveillance of those at average risk and those at increased 
risk for CRC because of a family history of CRC or genetic syndromes or a personal history of adenomatous 
polyps, inflammatory bowel disease, or curative-intent resection of CRC.[42] Adherence to screening by 
FOBT and sigmoidoscopy is below 50% in unselected population studies.[43] Among research volunteers in 
a large-scale randomized clinical trial of screening, more than 85% accepted repeat sigmoidoscopy after 3 
years. An uncomfortable or technically inadequate initial examination, which may be more common in 
women, had an adverse effect on subsequent adherence.[44,45] 

An optimal frequency for CRC screening has not been rigorously established. Various organizations have 
recommended a 5-year interval for repeat sigmoidoscopy based on data from observational studies.[46,47] 
One case-control study found a negative association between sigmoidoscopy and mortality that persisted for 
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as many as 10 years,[38] while another case-control study of endoscopy found an effect only for as many as 6 
years. In contrast, other studies have examined the yield of adenomas [48] and cancers [48,49] in the distal 
colon 3 years after a negative sigmoidoscopy.[48] After only 3 years, potentially dangerous neoplasms were 
discovered; 72 advanced adenomas and 6 cancers were identified among 9,317 individuals examined. 

Combination of FOBT and Flexible Sigmoidoscopy  

In 2,885 veterans (97% male; mean age 63 years), the prevalence of advanced adenoma at colonoscopy was 
10.6%. It was estimated that combined screening with one-time fecal occult blood test and sigmoidoscopy 
would detect 75.8% (95% CI, 71.0%–80.6%) of advanced neoplasms. Examination of the rectum and 
sigmoid colon during colonoscopy was defined as a surrogate for sigmoidoscopy. This represented a small 
but statistically insignificant increase in rate of detection of advanced neoplasia when compared with FS 
alone (70.3%; 95% CI, 65.2%–75.4%). The latter result could be achieved assuming that all patients with an 
adenoma in the distal colon undergo complete colonoscopy. Advanced neoplasia was defined as a lesion 
measuring at least 10 mm in diameter, containing 25% or more villous histology, high-grade dysplasia, or 
invasive cancer.[50] One-time use of FOBT differs from the annual or biennial application reported in those 
studies summarized in Table 1.  

The Norwegian Colorectal Cancer Prevention once-only screening study randomly assigned 20,780 men and 
women, aged 50 to 64 years, to FS only or a combination of FS and FOBT with FlexSure OBT.[51] A 
positive FS was defined as a finding of any neoplasia or any polyp at least 10.0 mm. A positive FS or FOBT 
qualified for colonoscopy. Attendance in this study was 65%. Forty-one cases of CRC were detected (0.3% of 
screened individuals). Any adenoma was found in 2,208 participants (17%), and 545 (4.2%) had high-risk 
adenomas. There was no difference in diagnosis yield between the FS and the FS and FOBT groups regarding 
CRC or high-risk adenoma. There were no serious complications after FS, but there were six perforations 
after therapeutic colonoscopy (1:336). 

Barium Enema  

As part of the National Polyp Study, colonoscopic examination and barium enema were compared in paired 
surveillance examinations in those who had undergone a prior colonoscopic polypectomy.[52] The proportion 
of examinations in which adenomatous polyps were detected by barium enema was related to the size of the 
adenoma (P = .009); the rate was 32% for colonoscopic examinations in which the largest adenomas detected 
were no larger than 5.0 mm, 53% for those in which the largest adenomas detected were 6.0 mm to 10.0 mm, 
and 48% for those in which the largest adenomas detected were larger than 10.0 mm. In patients who have 
undergone colonoscopic polypectomy, colonoscopic examination is a more sensitive method of surveillance 
than double-contrast barium enema.  

Colonoscopy  

In a colonoscopic study of 3,121 predominantly male U.S. veterans (mean age: 63 years), advanced neoplasia 
(defined as an adenoma that was ≥10.0 mm in diameter, a villous adenoma, an adenoma with high-grade 
dysplasia, or invasive cancer) was identified in 10.5% of the individuals.[53] Among patients with no 
adenomas distal to the splenic flexure, 2.7% had advanced proximal neoplasia. Patients with large adenomas 
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1.7–4.1). One half of those with advanced proximal neoplasia, however, had no distal adenomas. In a study of 
1,994 adults (aged 50 years or older) who underwent colonoscopic screening as part of a program sponsored 
by an employer, 5.6% had advanced neoplasms.[54] Forty-six percent of those with advanced proximal 
neoplasms had no distal polyps (hyperplastic or adenomatous). If colonoscopic screening is performed only 
in patients with distal polyps, about half the cases of advanced proximal neoplasia will not be detected.  

A study of colonoscopy in women compared the yield of sigmoidoscopy versus colonoscopy. Among 1,463 
women, cancer was found in one and advanced colonic neoplasia in 72 women or 4.9% (about one half the 
prevalence compared with men). The authors focused, however, on RR (i.e., RR of missing an advanced 
neoplasm) as the outcome, instead of absolute risk of such neoplasms, which is substantially lower in women. 
In addition, the natural history of advanced neoplasia is not known, so its importance as an outcome in studies
of detection is not clear.[55] 

Analysis of data from a colonoscopy-based screening program in Warsaw, Poland demonstrated higher rates 
of advanced neoplasia in men than in women. The predominant age range of participants was 50 to 66 years. 
Of the 43,042 participants aged 50 to 66 years, advanced neoplasia was detected in 5.9% (5.7% among 
women with a family history of CRC; 4.3% among women without a family history of CRC; 12.2% among 
men with a family history; and 8.0% among men without a family history of CRC). Clinically significant 
complications requiring medical intervention were rare (0.1%) consisting of 5 perforations, 13 episodes of 
bleeding, 22 cardiovascular events, and 11 other events over the entire population of 50,148 screened 
persons. There were no deaths; however, the author reported that collection of 30-day complications data was 
not systematic (therefore, the data may not be reliable).[56] 

Detection rates in colonoscopy screening vary with the rate at which the endoscopist examines the colon 
while withdrawing the scope. Detection rates among gastroenterologists (mean number of lesions per patient 
screened, 0.10 to 1.05; range of the percentage of patients with adenomas, 9.4% to 23.7%) and times to 
withdraw (3.1 to 16.8 minutes for procedures not including polyp removal). Examiners whose mean 
withdrawal time was 6 minutes or more had higher detection rates than those with mean withdrawal times of 
less than 6 minutes (28.3% vs. 11.8%; P < .001 for any neoplasia ) and (6.4% vs. 2.6%; P < .005 for 
advanced neoplasia).[57] 

Virtual Colonoscopy (Computed Tomographic Colonography)  

Virtual colonoscopy (also known as computed tomographic [CT] colonography or CT pneumocolon) refers to 
the examination of computer-generated images of the colon constructed from data obtained from an 
abdominal CT examination. These images simulate the effect of a conventional colonoscopy. Patients must 
take laxatives to clean the colon before the procedure, and the colon is insufflated with air (sometimes carbon 
dioxide) by insertion of a rectal tube just prior to radiographic examination.[58] 

The performance of virtual colonoscopy depends heavily on the size of the target lesion. In a series of 300 
patients who were referred for CRC screening or the evaluation of symptoms and who underwent CT 
colonography followed by conventional colonoscopy, investigators obtained sensitivities for CT 
colonography of 90% for 83 polyps measuring larger than 10.0 mm and 80% for 141 polyps measuring 5.0 to 
9.9 mm. The per patient sensitivity for the 10.0 mm lesion size was 94% (64 of 68), and it was 66.9% (95 of 
142) for adenomas smaller than 5.0 mm. CT colonography led to false identification of 45 polyps ranging in 
size from 3.0 mm to 17.0 mm in patients who had normal colonoscopic results. Overall performance 
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characteristics for CT colonography were similar when comparing results for the 96 individuals without 
symptoms to results for the 204 symptomatic individuals.[59] 

In a separate series of 201 patients who had symptoms suggestive of colorectal disease or who were 
undergoing surveillance because of prior colorectal neoplasia, investigators found that CT colonography 
detected all 13 CRCs identified in 13 patients on (endoscopic) colonoscopy, but only 20 (7 > 10.0 mm) of the 
118 (14 > 10.0 mm) polyps in 63 patients. Sensitivity for detection of invasive carcinoma and/or polyps 10.0 
mm or larger in diameter was 73% (95% CI, 56%–90%), and the specificity was 94% (95% CI, 91%–
98%).[60] 

One thousand two hundred thirty-three asymptomatic adults underwent complete virtual and optical 
colonoscopic examinations (728 men and 505 women; mean age 57.8 years) at several U.S. institutions 
employing an identical state-of-the-art protocol between May 2002 and June 2003. Extraordinary care was 
given to bowel preparation, and stool tagging was employed to minimize artifacts. High-speed, thin-section, 
supine-position and prone-position, single breath-hold scans were reconstructed in both two dimensions (2-D) 
and three dimensions (3-D), but the 3-D data were relied upon for image interpretation, using commercially 
available software.  

Polyps were measured with electronic calipers and recorded according to colonic segment. Extracolonic 
findings were also recorded. CT colonographic studies were prospectively interpreted by one of six board-
certified radiologists, each previously trained on a minimum of 25 CT colonographic studies, immediately 
before optical colonoscopic examination. Optical colonoscopies were performed by 17 experienced 
gastroenterologists or colorectal surgeons who were initially unaware of the CT findings. Polyps were 
photographed and measured with a calibrated linear probe. 

CT results were unblinded segment by segment to the colonoscopists to allow them to re-evaluate their 
findings in light of the additional CT information, and thereby create a reference standard against which both 
CT colonography and optical colonoscopy findings could be compared. Performance characteristics for CT 
(and optical) colonoscopy were calculated for adenomatous polyps. Sensitivity of CT colonography increased 
from 88.7% (149/168), for adenomas at least 6.0 mm, to 93.8% (45/48), for adenomas at least 10.0 mm, with 
respective specificities of 79.6% and 96.0%. (Sensitivities for optical colonoscopy in the absence of CT 
information were, respectively, by size 92.3% and 87.5%.)  

Most of the polyps found on CT colonography, but not on the initial optical colonoscopy, were situated 
behind a colonic fold, that is “recognized as a relative blind spot” for optical colonoscopy. Interobserver 
agreement for independent double readings of CT colonography studies, segment by segment, was good, 
99.6% for polyps at least 10.0 mm and 97.6% for polyps at least 6.0 mm. Only two cancers were detected in 
this asymptomatic population, one by optical colonoscopy and both by CT colonography. Fifty-six patients 
(4.5%) had extracolonic findings considered to be potentially clinically important and needing medical 
workup.[61]  

Another study reported very different results. This study was a prospective evaluation of CT colonography 
among 600 participants who were seen at nine large medical centers. The participants were referred for 
routine clinically indicated colonoscopy, and CT colonography was performed immediately prior to the 
colonoscopy using multidetector scanning. The accuracy of CT colonography was substantially lower than 
previously reported; 39% of lesions less than 6 mm and 55% of lesions less than 1 cm were detected and six 
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out of eight cancers were detected using CT colonography. Additionally, the accuracy of CT colonography 
varied substantially among centers and did not improve over time. Of note, some of the imaging techniques 
used in previously published reports were not used in this study, and that might explain, in part, the low 
sensitivity of the test in this report. The authors conclude, however, that techniques and training need to be 
improved before widespread use because most clinically significant polyps were missed.[62] 

A study has assessed how well virtual colonoscopy can detect colorectal polyps without a laxative prep. The 
question is of great importance for implementation because the laxative prep required by both conventional 
colonoscopy, and virtual colonoscopy is considered a great disadvantage by patients. By tagging feces with 
iodinated contrast material ingested during several days prior to the procedure, investigators were able to 
detect lesions larger than 8 mm with 95% sensitivity and 92% specificity.[63] The particular tagging material 
used in this study caused about 10% of patients to become nauseated, however, other materials are being 
assessed. While a number of hurdles remain to be overcome before virtual colonoscopy becomes popular and 
widely used,[64] this study provides important preliminary data suggesting that the problem of laxative 
preparation might be successfully addressed.  

Extracolonic abnormalities are common in CT colonography. Fifteen percent of patients in an Australian 
series of 100 patients, referred for colonography because of symptoms or family history, were found to have 
extracolonic findings, 11 needing further medical workups for renal, splenic, uterine, liver, and gallbladder 
abnormalities.[65] In another study, 59% of 111 symptomatic patients referred for clinical colonoscopy in a 
Swedish hospital between June 1998 and September 1999 were found to have moderate or major extracolonic 
conditions on CT colonography. CT colonography was performed immediately prior to colonoscopy and 
these findings required further evaluation. It is unstated to what extent the follow-up of these incidental 
findings benefited patients.[66]  

Sixty-nine percent of 681 asymptomatic patients in Minnesota had extracolonic findings, of which 10% were 
considered to be “highly important” by the investigators, requiring further medical workup. Suspected 
abnormalities involved kidney (34), chest (22), liver (8), ovary (6), renal or splenic arteries (4), 
retroperitoneum (3), and pancreas (1);[67] however, the extent to which these findings will contribute to 
benefits or harms is uncertain.  

Technical improvements involving both the interpretation methodology, such as 3-D imaging, and bowel 
preparation are under study in many centers. While specificity for detection of polyps is homogeneously high 
in many studies, sensitivity can vary widely. These variations are attributable to a number of factors including 
characteristics of the CT scanner and detector, width of collimation, mode of imaging (2-D vs. 3-D and/or 
"fly-through"), as well as variability in expertise of radiologists.[68] 

Digital Rectal Examination  

A case-control study reported that routine digital rectal examination was not associated with any statistically 
significant reduction in mortality from distal rectal cancer.[69]  

Detection of DNA Mutations in the Stool  
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these gene mutations that have been shed into the stool.[71-74] Stool DNA testing was recently assessed in a 
prospective study of asymptomatic persons who received colonoscopy, 3-card FOBT (Hemoccult II), and 
stool DNA testing based on a panel of markers assessing 21 mutations. Conducted in a blinded way with 
prestated hypotheses and analyses, the study found that among 4,404 patients, the DNA panel had a 
sensitivity for CRC of 51.6% (for all stages of CRC) versus 12.9% for Hemoccult II, while the false-positive 
rates were 5.6% and 4.8%, respectively. On this basis, the approach looks promising but would be improved, 
if possible, by increased sensitivity (perhaps by increasing the number of DNA markers) and by reduced 
cost.[75,76]  
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Changes to This Summary (09/13/2007)  

The PDQ cancer information summaries are reviewed regularly and updated as new information becomes 
available. This section describes the latest changes made to this summary as of the date above. 

Evidence of Benefit 10  

Added Newer FOBTs: Nonrandomized Controlled Trial Evidence 11 as a new subsection. 

Added text 12 about a population-based, case-control study in Germany, 39%, 77%, and 64% of proximal, 
distal, and total CRCs were estimated to be preventable by colonoscopy. 

Questions or Comments About This Summary  
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site’s Contact Form 13. We can respond only to email messages written in English. 

More Information  

About PDQ  

• PDQ® - NCI's Comprehensive Cancer Database 14.  

Full description of the NCI PDQ database. 

Additional PDQ Summaries  

• PDQ® Cancer Information Summaries: Adult Treatment 15  

Treatment options for adult cancers.  

• PDQ® Cancer Information Summaries: Pediatric Treatment 16  

Treatment options for childhood cancers.  

• PDQ® Cancer Information Summaries: Supportive Care 17  

Side effects of cancer treatment, management of cancer-related complications and pain, and 
psychosocial concerns.  

• PDQ® Cancer Information Summaries: Screening/Detection (Testing for Cancer) 18  

Tests or procedures that detect specific types of cancer.  

• PDQ® Cancer Information Summaries: Prevention 19  

Risk factors and methods to increase chances of preventing specific types of cancer.  

• PDQ® Cancer Information Summaries: Genetics 20  

Genetics of specific cancers and inherited cancer syndromes, and ethical, legal, and social concerns.  

• PDQ® Cancer Information Summaries: Complementary and Alternative Medicine 21  

Information about complementary and alternative forms of treatment for patients with cancer.  

Important:  

This information is intended mainly for use by doctors and other health care professionals. If you have 
questions about this topic, you can ask your doctor, or call the Cancer Information Service at 1-800-4-
CANCER (1-800-422-6237). 
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Executive Summary
Prominent among a number of new techniques with

hich to image the colon, computed tomographic (CT)
olonography is extremely attractive because it is noninva-
ive and also relatively simple for patients to undergo. As
he technology evolves, it is important that gastroenterolo-
ists not only understand the multiple issues surrounding
T colonography but also that they be able to interpret this

xamination.1 The American Gastroenterological Associa-
ion (AGA) Institute’s Governing Board convened the CT
olonography Task Force to develop training standards for
astroenterologists for CT colonography. These standards
re intended to outline the basic requirements that board-
ertified gastroenterologists should meet to be involved in
nd/or perform CT colonography. All recommendations are
ased on the literature available at the time this manuscript
as developed.
A wide range of sensitivities have been reported for CT

olonography; therefore, the current use of CT colonog-
aphy in clinical practice is controversial. Several studies
ave evaluated the use of CT colonography after failed
olonoscopy; its sensitivity for detecting important le-
ions is comparable with or better than results with air
ontrast barium enema (ACBE). CT colonography ap-
ears to also be useful for evaluation of the colon prox-

mal to an obstructing lesion. Minimal data are available
egarding the use of CT colonography as a screening test
n patients with contraindications to colonoscopy or who
efuse other screening options. The results of studies
sing CT colonography as a colorectal cancer (CRC)
creening test suggest that this is an area requiring fur-
her study. The use of CT colonography for CRC screen-
ng is currently controversial and this test has not yet
een endorsed as a primary CRC screening tool in asymp-
omatic, normal-risk adults by any multidisciplinary
roup involved in CRC screening guideline development.

CT colonography has few contraindications; however, it

hould not be performed in patients in whom perforation is
risk and should probably not be performed immediately
fter failed colonoscopy in patients who had polyps re-
oved or large biopsy specimens taken during colonoscopy

ecause of the risk of perforation from colonic insufflation.
pecific clinical circumstances may also exist in which en-
oscopic examination is preferred to CT colonography

such as patients with known inflammatory bowel disease,
igh-risk symptoms, and others). Overall, the Task Force
nds that CT colonography is appropriate in certain cir-
umstances and has developed the following recommenda-
ions to guide gastroenterologists who are interested in
erforming CT colonography.

CT scanning should be performed by American Regis-
ry of Radiologic Technologists-certified radiologic tech-
ologists. The extent of training for gastroenterologists
o read accurately CT colonography has not been fully
efined. However, research shows that response to train-

ng is unpredictable, and the “learning curve” for CT
olonography interpretation will vary widely among ob-
ervers. Available literature suggests that review of at least
5 endoscopically confirmed cases is appropriate as a
equirement for minimal competence in detecting and
haracterizing colorectal neoplasia detected by CT
olonography. Subsequently, interpretation under the
upervised guidance of a qualified physician mentor is
equired. To maintain clinical expertise in CT colonog-
aphy after formalized training, physicians should super-
ise and interpret a minimum number of cases per year,
n addition to participating in continuing medical edu-
ation activities, and update them relating to advances in
he field.

Most bowel preparative regimens employ a cathartic
gent, the selection of which will depend on patient

Abbreviations used in this paper: ACBE, air contrast barium enema;
RC, colorectal cancer; CT, computed tomography.

© 2007 by the AGA Institute
0016-5085/07/$32.00
doi:10.1053/j.gastro.2007.06.001
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actors as well as physician preferences. Fecal and fluid
agging may permit identification of submerged polyps
nd reduce false-positive examinations. CT colonography
erformed without a bowel purge is an area of great
romise but cannot currently be recommended because
o large clinical studies have verified its performance in a

arge cohort. Colonic insufflation with automated insuf-
ators results in improved colonic distention compared
ith manual insufflation.
High-resolution CT is performed in the supine and

rone positions following review of an initial CT scout.
T colonography evaluation involves the following 2

teps: first, a primary search for suspicious colonic lesions
nd, second, lesion characterization. The primary search
an be achieved using either a primary 2-dimensional
2D) search or a primary 3-dimensional (3D) search;
ptimal performance likely involves both search meth-
ds. Lesion characterization includes determination of

esion density and lesion mobility.

Reading
All intracolonic findings should be examined, and

ny segment not adequately evaluated should be docu-
ented. All large masses and lesions that compromise

uminal caliber should be communicated. The size and
ocation of colorectal lesions should be reported. Extra-
olonic findings are common, but the majority of these
esions are not clinically significant and do not require
ollow-up. Characterizing these extracolonic lesions requires
xpertise in recognizing abnormalities of the lungs, the solid
rgans, the retroperitoneum, and the extracolonic gastro-

ntestinal tract. A radiologist should review the extraco-
onic portion of the study.

Reporting
A standardized CT colonography report should

ncompass elements of preprocedure documentation,
atient demographics, indications, technical descrip-
ion, findings, clinical assessment, and recommenda-
ions (plan) for follow-up. Reporting by polyp size is
ontroversial. General agreement exists that all polyps
10 mm should be reported. However, full consensus

elating to the reporting or management of subcentime-
er polyps discovered at CT colonography has not been
eached. The referral of patients to endoscopy for dimin-
tive lesions (when CT colonography specificity is low)
ould lead to inappropriate referrals to colonoscopy.

oreover, current CT colonography acquisition parame-
ers are tailored to the detection of polyps 6 to 10 mm in
iameter. Based on these considerations, it is recom-
ended that all polyps 6 mm or larger should be re-

orted. Controversy exists for small lesions; these should
e reported when reader confidence is very high. Extra-
olonic findings should be reported.

A comprehensive technical and professional quality

ontrol program is necessary. Technical quality control
hould encompass both the CT scanner and the CT
olonography workstation. Professional quality assess-
ent monitors outcomes within a practice for internal

uality assessment purposes. Such measures will alert
hysicians that changes may need to be made in patient
ducational materials, patient preparation regimens, or
nterpretation techniques. Retrospective, sporadic review
f CT colonography parameters and reports can also
nsure that appropriate technique and practice patterns
re being followed. Standardized practices followed by all
hysicians and allied health personnel within a practice
an also improve patient safety.

Regulatory Issues
Federal anti-kickback laws and Stark statutes in-

uence who can perform CT colonography as well as the
ubject of split interpretation (a situation in which one
hysician interprets intracolonic images and another per-
orms the extracolonic images). Both performing and
nterpreting CT colonography constitute “designated
ealth services” and are therefore subject to Stark statu-
ory requirements regarding referrals and billing for split
nterpretation. Compensation arrangements in a situa-
ion in which there is dual interpretation are potentially
omplicated but should not exclude any group from
eading CT colonography. A personal services and man-
gement agreement (“safe harbor”) is a potentially appli-
able compensation arrangement between the gastroen-
erologist and the radiologist in a split interpretation
cheme.

Key Executive Summary Recommendations
The key Task Force recommendations related to

he basic requirements that board-certified gastroenter-
logists should meet to be involved in and/or perform
T colonography are summarized below. A complete list
f recommendations is included in the full Task Force
eport.

● CT colonography is effective for evaluation of the
colon proximal to an obstructing lesion.

● CT colonography is indicated for adults with failed
colonoscopy in whom evaluation of the colon is
deemed necessary.

● Minimal data are available regarding the use of CT
colonography as a CRC screening test in patients
with contraindications to colonoscopy or those who
refuse other screening options. CT colonography
may be considered in patients unwilling to undergo
other primary screening modalities.

● Based on currently available data, CT colonography
is not endorsed as a primary screening modality for
CRC in asymptomatic adults.
● Training for CT colonography interpretation should
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include review and interpretation of at least 75 cases
with endoscopic correlation.

● Subsequent to formal training, the gastroenterolo-
gist should participate in a mentored CT colonog-
raphy preceptorship lasting 4 to 6 weeks, occurring
within 6 months of the initial training, with the
candidate physically present and involved in the in-
terpretation of at least 25–50 additional cases.

● It is expected that those performing CT colonog-
raphy will undertake ongoing training and self-
assessment including attending formal continuing
medical education accredited courses in CT
colonography.

● Gastroenterologists should work collaboratively with
board-certified radiologists to review the extracolonic
portion of the CT colonography examination.

● Any polyp �6 mm in size (ie, widest diameter)
should be reported and the patient referred for con-
sideration of endoscopic polypectomy.

● Patients with 3 or more polyps of any size in the
setting of high diagnostic confidence should be re-
ferred for consideration of endoscopic polypectomy.

● The appropriate clinical management of patients
with 1 or 2 lesions no greater than 5 mm in diameter
is unknown. In the absence of data, the follow-up
interval recommended for these patients should be
based on individual characteristics of the patient
and the procedure.

● Gastroenterologists considering offering CT colonog-
raphy should consult with their health care counsel
regarding compliance with state and local regulations.

Full Task Force Review and
Recommendations
Introduction
ACBE and colonoscopy have been used to image

he colon for many years. Recently, a number of new
echniques with which to image the colon have been
ntroduced.2 Prominent among these is CT colonography
also CTC, CT colography, or “virtual colonoscopy”). CT
olonography is a high spatial resolution, low-dose CT
xamination of the abdomen and pelvis performed fol-
owing colonic insufflation. CT data sets are reviewed on
computer workstation that generates multidimensional

mages of the colon. CT colonography is extremely at-
ractive because it is noninvasive and also (relatively)
imple for patients to undergo.

As of the spring of 2006, one third of the membership
f the American Gastroenterological Association indi-
ated they were either already involved in some way
ith CT colonography or were interested in learning
he technique in the future. Given the interest, and c
cknowledging the lack of training standards and guid-
nce for gastroenterologists in this area, the American
astroenterological Association Executive Committee

onvened the CT Colonography Task Force to develop
inimum training standards for gastroenterologists for
T colonography.
Because of their subspecialized training, gastroenterol-

gists are experts in CRC screening and colorectal dis-
ase. Gastroenterologists should be able to translate their
nowledge of the endoscopic appearance of colorectal
isease to CT colonography, following formalized train-

ng in the CT physics, use of intravenous contrast, CT
olonography interpretation and image manipulation,
nd CT colonography performance characteristics. These
tandards are intended to outline the basic requirements
hat board-certified gastroenterologists should meet to
e involved in and/or perform CT colonography.

Current Status of CT Colonography
Investigation of CT colonography accuracy has

een underway since its introduction. CT colonography
ensitivity has been studied extensively,3–11 with the ear-
iest reports involving small populations at high risk for
olorectal pathology and using primarily single-row scan-
ers (see Van Dam et al12 for review). The per-polyp
ensitivity of CT colonography compared with colonos-
opy was excellent for larger lesions (some reports stated
p to 100%) but was poor for smaller lesions (11%–55%
ensitivity). These studies were extremely heterogeneous,
arying in terms of patient cohorts, technical methodol-
gy, and training of CT colonographers.

Subsequently, further studies demonstrated improved
etection sensitivity for polypoid lesions but continued
o reveal wide variation in results. In general, the per-
olyp sensitivities for lesions based on polyp size were
reatest for larger lesions and were in the following
anges: �5 mm (30%– 60%), 6 –9 mm (45%– 85%), and

10 mm (60%–95%). The specificity of CT colonography
aried as well but was generally in the 90%–95% range.

ost recently, 2 larger multicenter studies demonstrated
hat CT colonography was significantly less sensitive
han colonoscopy,3,4 whereas a third reported that it
as as sensitive as colonoscopy for detection of lesions
10 mm.5

A number of variables appear to contribute to the wide
ange of sensitivities reported for CT colonography. First
nd perhaps most importantly, as technology has
volved, so has the approach to CT colonography patient
reparation and image acquisition. Multidetector CT
canners permit faster scanning with fewer motion arti-
acts while improving spatial resolution, and automated
nsufflators improve colonic inflation. Software plat-
orms used to evaluate CT colonography images have
lso evolved, permitting greater interactivity and im-
roved 3D visualization techniques for surveying the

olonic lumen.
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Additionally, bowel preparation methods have been
ariable, and some studies have used oral contrast,
hereas others have not. A further critical variable is the

ohort of individuals examined. Some studies have exam-
ned patients at high risk for colon abnormalities, and
thers have examined cohorts at low risk. Most studies
ave examined highly variable cohorts. Finally, the
ethod in which it was ascertained that lesions detected

y CT colonography were accurately assessed has varied
s well. Colonoscopy has typically been used as the “gold
tandard”; however, colonoscopy does not detect all le-
ions, including large polyps.13 Thus, its use as a “gold
tandard” may not be appropriate. One study reported
se of a “consensus” view of the colon based on the
esults of 3 different colon imaging tests as the reference
tandard,3 an approach likely to be more appropriate
han simple use of colonoscopy results.

Additionally, new modifications in software such as
ovel display techniques, including so called “virtual dis-
ection,”14 validated computer-aided detection systems,
nd more are on the horizon.15 Computer-aided detec-
ion systems recognize colorectal neoplasia by means of
ophisticated thresholding followed by mathematical
ule-based testing on the basis of feature values.16,17 Al-
hough this technique appears to hold great promise,
nd will likely be readily integrated into reading
chemes,18 many issues remain to be resolved.

Considerable effort has also been directed at develop-
ng CT colonography with minimal preparation.19 –24 Per-
ormance of CT colonography without a cathartic prep-
ration, if proven to be highly sensitive and safe, could
evolutionize the entire field.

It is essential that clinicians realize that this area is
apidly evolving and will continue to evolve for the
ext several years. Several large studies are currently
nder way that will further impact the practice of
olon imaging.

Current Indications for CT
Colonography
The current utility of CT colonography is contro-

ersial. Some believe that with a sensitivity level generally
elow that for colonoscopy, implementation should be

imited. Others believe that it is ready to be widely im-
lemented. Indications for CT colonography are high-

ighted below.

Failed Colonoscopy
Incomplete colonoscopic examination occurs in

%–5% of colonoscopic examinations, usually secondary
o patient discomfort or uncooperativeness, anatomic
rregularities (eg, tortuosity, strictures, excessive looping),
bscuring cancers, or inadequate colon preparation.25

CBE has traditionally been the test of choice for pa-
ients in whom colonoscopy could not be completed.

owever, ACBE may be difficult to perform immediately c
fter a failed colonoscopy, and barium coating of the
olon wall is sometimes suboptimal after certain colon
reparations, usually requiring the patient to undergo an
CBE-specific bowel preparation. Several studies have
valuated the use of CT colonography after failed
olonoscopy. In one study, CT colonography and ACBE
ad comparable results in 10 patients after incomplete
olonoscopy.26 In another study, CT colonography was
erformed within 2 hours after incomplete colonoscopy

n 40 patients, all of whom either had lower gastrointes-
inal symptoms or who were at increased risk of CRC.27

mong the 26 patients who underwent both CT colonog-
aphy and ACBE, CT colonography was better tolerated
P � .001), and CT colonography was judged to ade-
uately reveal 96% of colonic segments compared with
1% for ACBE. Multiple intracolonic abnormalities were
escribed in this at-risk population.

Evaluation of Colon Proximal to an
Obstructing Lesion
Current screening guidelines recommend exami-

ation of the colon proximal to a CRC lesion because
ynchronous neoplastic lesions are found in 5%– 8% of
atients diagnosed with CRC.28,29 One study evaluated
9 patients without acute bowel obstruction in which the
olonoscope could not be advanced proximal to the ob-
tructing lesion.30 In this trial, findings on CT colonog-
aphy were compared with findings from preoperative
CBE and/or colonoscopy. CT colonography identified
00% of the occlusive CRC as well as 24 proximal colonic
olyps and 2 synchronous proximal adenocarcinomas. In
he 4 patients who had preoperative ACBE, ACBE failed
o evaluate adequately the proximal colon in any patient,
hereas CT colonography adequately examined the prox-

mal colon in all of these patients, one of whom had a
ynchronous CRC. In another study of 19 patients with
istal, occluding CRC,31 CT colonography identified all
9 distal lesions as well as 22 lesions proximal to the
bstruction, including 2 adenocarcinomas. ACBE was
ttempted but was unsuccessful in 5 patients, whereas
T colonography adequately demonstrated the proximal

olon in all 5 of these patients.
Colonic strictures because of radiation therapy, previ-

us surgery, inflammatory bowel disease, or nonsteroidal
nti-inflammatory drugs can also prevent complete
olonoscopy. CT colonography has been shown to permit
dequate visualization of the proximal colon in these
atients.32 To date, no trials have specifically examined
he role of CT colonography in a population of patients
ith colonic strictures because of a single etiology, but, in
ne prospective study32 of patients with a history of
bdominopelvic surgery and/or radiation (41 patients)
nd controls (20 patients), CT colonography was judged
o be successful in all patients. Although clinical out-

omes, such as CT colonography sensitivity were not
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eported, these data suggest that CT colonography is safe
nd feasible in this population.

CRC Screening in Patients With
Contraindications to Colonoscopy or Who
Refuse Other Screening Options
Minimal data are available regarding the use of CT

olonography as a screening test in patients with contrain-
ications to colonoscopy (eg, coagulopathy, intolerance to
edation) or who refuse other screening options. However,
his is a critical area in which CT colonography may be
eneficial. Elderly patients may be another population that
ould benefit from CT colonography because numerous
tudies have documented high sensitivity of CT colonogra-
hy for cancer and the incidence of CRC increases with age.
RC screening of the elderly population with CT colonog-

aphy is subject to many of the same concerns and criti-
isms as screening this population with colonoscopy. A
ecent analysis of screening colonoscopy in the elderly pop-
lation found that the gain in life expectancy was only 15%
f that observed in a younger population.33 However, a gain

n life expectancy is still derived from CRC screening in this
opulation, so the authors recommended that the decision
o screen patients of age �80 years be individualized.

CRC Screening of Asymptomatic,
Normal-Risk Adults
Multiple trials have examined the accuracy of CT

olonography for the identification of CRC and polyps.
ost of the early efforts investigated the role of CT

olonography in patients who were at greater than aver-
ge risk for the development of CRC or who had symp-
oms referable to the lower gastrointestinal tract.34 –36

ther studies examining CT colonography accuracy for
etecting CRC and colon polyps in screening popula-
ions have been published.5,6,37–39 Taken as a whole, the
ody of literature examining CT colonography as a CRC
creening test demonstrates significant variability (see
urrent Status of CT Colonography, above). A recent
eta-analysis of 33 studies comparing CT colonography

creening to a gold standard (colonoscopy or surgery)
oncluded that issues such as patient selection, examiner
raining and experience, scanner collimation and type,
nd mode of imaging are likely contributors to the het-
rogeneity observed in these trials.40 The heterogeneity of
tudies in this meta-analysis was felt to preclude conclu-
ions about use of CT colonography as a primary screen-
ng modality.

The largest trial of CT colonography as a CRC screen-
ng test in average-risk patients was conducted with 1233
atients at a number of military tertiary care hospitals.5

ensitivity of CT colonography for adenomas �1 cm was
4%, compared with colonoscopy as the gold standard.
his trial utilized experienced CT colonography inter-
reters, fecal and fluid tagging with subsequent digital
ubtraction of retained stool and fluid in the colon, and

elied on a primary 3D interpretation of CT colonogra-
hy images, all techniques that distinguished it from
revious, as well as subsequent, studies. Whether or not
hese factors were critical in the encouraging results ob-
erved in this trial remains controversial. Currently, in-
estigators from the military hospital that contributed
he majority of the patients for the study cited above are
erforming a 3000 person study designed to explore
urther the use of CT colonography as a CRC screening
est.39 Preliminary data from this trial have been encour-
ging, demonstrating diagnostic equivalence of CT
olonography with colonoscopy for adenomas �6 mm in
ize.39

CT colonography has not yet been endorsed as a pri-
ary CRC screening test by any multidisciplinary group

nvolved in CRC screening guideline development.29,41,42

dditionally, Medicare does not pay for screening tests in
he absence of symptoms. For that reason, the majority of

edicare contractors do not cover CT colonography for
RC screening in asymptomatic patients. It is also not a

overed benefit offered by most private insurance com-
anies, although pilot programs have produced promis-

ng results.43

Contraindications
CT colonography has few contraindications, how-

ver, it should not be performed in patients for whom
erforation is a concern. In addition, CT colonography
hould probably not be performed immediately after
ailed colonoscopy in patients who had polyps removed
r large biopsy specimens taken because of the possible
isk of perforation resulting from the required colonic
nsufflation with CT colonography. Specific clinical cir-
umstances exist in which endoscopic examination is
referred to CT colonography. These include, but are not

imited to, situations in which the pretest probability of
dentifying colonic abnormalities is increased, such as
atients with symptoms of organic gastrointestinal dis-
ase, patients with familial colon cancer syndromes, or
atients with inflammatory bowel disease in whom co-

onic sampling for dysplasia is recommended.

Task Force Recommendations

● CT colonography is effective for evaluation of the
colon proximal to an obstructing lesion.

● CT colonography is indicated for adults with failed
colonoscopy in whom evaluation of the colon is
deemed necessary.

● Minimal data are available regarding the use of CT
colonography as a screening test in patients with
contraindications to colonoscopy or who refuse
other screening options. CT colonography may be
considered in patients unwilling to undergo
colonoscopy as a primary screening modality.
● CT colonography should not be performed immedi-
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ately after failed colonoscopy in patients who had
polyps removed or large biopsy specimens taken
during the failed colonoscopy.

● CT colonography is not indicated in patients with
high-risk disease symptoms (eg, inflammatory bowel
disease, hematochezia) and situations in which the
pretest probability of identification of colonic abnor-
mality is increased.

● Based on the data currently available, CT colonog-
raphy is not endorsed as a primary screening modal-
ity for CRC in asymptomatic adults.

● Additional studies comparing CT colonography and
other primary screening modalities are required.

Qualifications and Training of
Personnel
CT Scanning
CT scanning should be performed by American

egistry of Radiologic Technologists-certified radiologic
echnologists. Prior to CT acquisition, adequate colonic
nflation is confirmed using a CT scout. Suboptimal
olonic distention can result in falsely negative CT exam-
nations,44 so personnel performing CT colonography
eed to be facile with equipment and techniques to
nsure adequate distention. Therefore, a program to en-
ure technologist expertise in review of CT scout images
s required.

Skill and Training to Read CT Colonography
Despite the intensive study and evolution that CT

olonography has undergone over the last decade, the
xtent of training for gastroenterologists to read accu-
ately CT colonography has not been defined. The Amer-
can College of Radiology practice guidelines45 for per-
orming and interpreting diagnostic CT requires licensed

edical practitioners who have a thorough understand-
ng of the indications for CT as well as a familiarity with
he basic principles and limitations of the technology.
ndividuals performing CT colonography should have a
horough understanding of CT technology and instru-

entation as well as radiation safety. With respect to CT
olonography in particular, the American College of Ra-
iology46 recommends that the supervising and inter-
reting physicians should have reviewed at least 50 cases

n one or more of the following formats: (1) formal
ands-on interactive training on CT colonography inter-
retation, (2) supervision with a CT colonography-
rained physician(s) acting as a double reader, and (3)
orrelation of CT colonography and endoscopy findings
n patients who undergo both procedures. Furthermore,
he current Gastroenterology Core Curriculum suggests
hat trainees “Gain familiarity with the detection of neo-
lasms of the colon during the performance of CT

olonography and other similar techniques.”47 c
A number of studies have examined the variability in
he “learning curve” associated with interpretation of CT
olonography findings. In one, with 2 blinded teams
ade up of a radiologist and gastroenterologist,48 it was

ound that increasing experience (after reading 25 cases)
ed to enhanced specificity and reduced interpretation
imes. In a study examining reader training at 25, 50, 75,
nd 96 case intervals, sensitivity improved after reading
0 cases, whereas optimal sensitivity (92% for target le-
ions) was achieved after interpreting 75 cases.49 Another
tudy reported similar findings at the 75-case threshold,49

ith this study using 2 readers with limited prior expe-
ience in reading CT colonography. The performance of
onradiologists (medical students and radiologic tech-
ologists) after training using a teaching file of 50 cases
ollowed by blind interpretation of 50 cases with
olonoscopic correlation (30 positive, 20 negative) was
imilar to a separate cohort of radiologists learning CT
olonography; interestingly, the performance of non-
adiologists improved further following reading of an-
ther 100 cases.50

Response to training is unpredictable. In one study, 3
adiologists (gastrointestinal radiology consultant, research
ellow, and trainee) with no prior experience in CT colonog-
aphy were tested on 100 cases.51 Feedback and training
ere given after the first 50 cases, and performance and

eporting times were compared for these and then 50 sub-
equent data sets. Prior experience of gastrointestinal radi-
logy enhanced the ability to read CT colonography; how-
ver, competency could not be assumed after direct training
ith the database of 50 cases. In another study, inexperi-

nced CT colonography readers (�50 cases read) who com-
leted a CT colonography training module performed bet-
er than experienced CT colonography readers with a
ensitivity of 70% vs 47%, respectively, in detecting lesions
10 mm.3 In a study examining performance variability

mong 6 readers (4 residents, 2 subspecialty gastrointestinal
adiologists) without prior CT colonography training in
eading (20 cases including 32 polyps), untrained reader
ensitivity was low, with marked individual variation; the

ajority of missed polyps were due to failure of detection
82%–95%).52 Based on these observations, the learning
urve for CT colonography interpretation will vary widely
mong observers.

The American College of Cardiology and the American
eart Association recently established criteria for clinical

ompetence in interpreting computed tomography and
agnetic resonance imaging studies of the heart, based

n physician training and the cognitive skills required for
ach type of examination.53 Training for each level of
linical competence is based on the cognitive skills re-
uired for each scope of practice. Table 1 summarizes the
ognitive skills required for physician competence at CT

olonography.
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Qualifications for Interpretation of CT
Colonography Data Sets

As discussed previously, available literature sug-
ests that review of at least 75 endoscopically confirmed
ases is necessary for minimal competence in detecting
nd characterizing colorectal neoplasia at CT colonogra-
hy. Because formalized training improves, but does not
nsure, adequate performance, CT colonography inter-
retation under the supervised guidance of a qualified
hysician mentor is required. Candidates should partic-

pate in mentored interpretation during this training
eriod. During this preceptorship, gastroenterologists
ould be expected to hone the ability to track the colon
sing CT colonography workstations (a known difficulty

or nonradiologists50), gain experience in performing
uality assessment prior to patient dismissal, become
amiliar with the application of problem-solving salvage
echniques used to improve examination quality, and, of
ourse, refine their ability to detect and characterize co-
onic lesions. Routine use of a validated computer-aided
etection system may also prove helpful18,54,55 but cannot

able 1. Cognitive Skills Required for Physician
Competence in CT Colonography

nowledge relating to the colon
Knowledge of colon, rectal, appendiceal, and ileal anatomy
Knowledge of colorectal diseases and colon cancer screening
recommendations and alternatives
nowledge relating to CT colonography data acquisition and
interpretation of colonic findings
Knowledge of basic CT physics and CT parameters/acquisition
techniques that affect radiation exposure
Familiarity with colonic insufflation devices
Knowledge of indications for iodinated intravenous contrast, as
well as knowledge of contraindications and treatment of adverse
reactions
Knowledge of spectrum of bowel purgation and cleansing
regimens used at CT colonography
Knowledge of CT colonography interpretation technique
Knowledge of the varied appearance of colorectal neoplasia at CT
colonography
Knowledge of the performance characteristics of CT colonography
for polyps of different sizes and histologies
Knowledge of the appearance of colonic, rectal, ileal, appendiceal
disease at CT
Knowledge and familiarity with a dedicated CT colonography
workstation, including the ability to compare supine and prone
images, generate 2D and 3D endoluminal images, and examine
CT attenuation
nowledge relating to the identification and workup of extracolonic
disease
Knowledge of the appearance of extracolonic mass lesions within
the abdomen and pelvis at CT
Understanding of how low-dose, unenhanced CT images affect
the ability of CT to display extracolonic structures and findings
Understanding of appropriate medical workup following the
detection of potentially important extracolonic findings
e recommended without further data.
Continued Competence in CT Colonography
Ongoing practical experience with the acquisition

nd interpretation of CT colonography studies is re-
uired to maintain clinical competence. Mammography
as similar requirements. To maintain clinical expertise

n CT colonography after formalized training, physicians
hould supervise and interpret a minimum number of
ases per year, in addition to participating in continuing
edical education activities, and update them relating to

dvances in the field.

Task Force Recommendations

● Gastroenterologists performing and interpreting CT
colonography should have a thorough understand-
ing of the indications and the principles and limita-
tions of CT colonography technology.

● Formalized training of gastroenterologists for CT
colonography interpretation is mandatory.

● Training for CT colonography interpretation should
address cognitive skills required to perform all as-
pects of the CT colonography examination (Table 1).

● Training should include review and interpretation of
at least 75 cases with endoscopic correlation.

● Subsequent to formal training, the gastroenterolo-
gist should participate in a mentored CT colonog-
raphy preceptorship lasting 4 to 6 weeks, occurring
within 6 months of the initial training, with the
candidate physically present and involved in the in-
terpretation of at least 25–50 additional cases.
Figure 1. CT colonography care map.
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● It is expected that there will be ongoing training and
self-assessment including attending formal continu-
ing medical education-accredited courses in CT
colonography.

● CT colonography training should focus heavily on
detection technique.

Examination and Equipment
Specifications
The spectrum of CT colonography practice may

ary widely depending on the clinical indication and
vailable equipment, but adherence to recommended
tandards for all portions of the examination are required
o achieve reproducible results (Figure 1).

Colonic Preparation
Most regimens employ a cathartic agent in addi-

ion to a colonic stimulant (usually bisacodyl tablets or
uppositories). Polyethylene glycol electrolyte solution is
nonabsorbable, osmotically balanced preparation that

s safe and results in little fluid shifting during adminis-
ration and is commonly used prior to CT colonography
nd colonoscopy. Oral sodium phosphate-based agents
re easier to ingest for many patients, because of the
maller volume that must be consumed, but can result in
lectrolyte shifts when doses exceeding 45 mL daily are
mployed.56 Magnesium citrate is a milder saline cathar-
ic preparation, which performs similarly to polyethylene
lycol for CT colonography when combined with fecal
agging agents.57 Polyethylene glycol results in increased
uid within the colon compared with oral phospha-
oda,58 but this generally does not cause diagnostic prob-
ems if the patient is scanned in 2 positions to permit
edistribution of colonic fluid. The selection of a cathar-
ic agent will depend on patient factors as well as physi-
ian preferences; indeed, current preparative regimens for
T colonography are not well tolerated.59 Patient factors

nclude underlying conditions that lead to contraindica-
ions for electrolyte shifts, fluid shifts, or phosphate
ngestion.

Tagging of colonic fluid and stool can be achieved with
ral contrast agents prior to CT examination. Fecal and
uid tagging may permit identification of submerged
olyps and reduce false-positive examinations because of
esidual stool.60 Use of fecal and fluid tagging is not

andatory if the patient is adequately cleansed with
athartics and scanned in 2 positions, because both fluid
nd stool generally move with repositioning,10 and is
mpractical when CT colonography is performed follow-
ng incomplete endoscopy.27,61 Stool tagging is generally
chieved with ingestion of a barium suspension; fluid
agging is performed using an iodinated oral contrast
gent. Compliance with fecal and fluid tagging regimens
an be challenging for some patients (because of under-

tanding or availability of the tagging agents). CT t
olonography performed without bowel purgation
leansing is a promising extension of the CT colonogra-
hy technique19 –24 but cannot currently be recom-
ended because no large clinical studies have docu-
ented its performance in an asymptomatic patient

opulation.
Colonic insufflation is performed prior to CT acquisition

sing air or carbon dioxide, which may reduce postproce-
ure cramping.62 Glucagon, a spasmolytic agent, does not

ncrease colonic distention but may improve patient com-
ort.63 Colonic insufflation with automated insufflators re-
ults in improved colonic distention compared with manual
nsufflation.64 Automatic insufflators may also be safer be-
ause of preset ramped flow rates and automatic venting at
redetermined intracolonic pressures.65

CT Acquisition Technique
Following review of an initial CT scout, high-

esolution CT is performed in the supine and prone
ositions. Scanning the patient in 2 positions is manda-
ory, to permit redistribution of colonic fluid and air, and
mproves the detection of colonic polyps compared with

single position.10,66

The ability of CT colonography to detect colorectal
olyps is in part dependent on CT acquisition parameters

ncluding slice thickness. Slice thickness should be cho-
en to be at least half of the target polyp size to minimize
artial volume averaging with adjacent air. Multislice CT
canners have several advantages over single slice helical
canners for CT colonography. Faster tube rotation times
nd an increased number of detectors permit faster table
peeds so that a patient can be scanned quicker. Faster
canning is important because the patient is holding
is/her breath and may be experiencing some discomfort
s the colon is maximally inflated. The use of multide-
ector CT consequently results in better colonic disten-
ion and fewer respiratory artifacts, compared with single
lice helical CT.67 For these reasons, CT colonography
hould be performed on multidetector scanners with 4 or

ore detectors. Additionally, most multislice CT scan-
ers are equipped with automatic exposure control,
hich varies the x-ray tube current over the body region

as the patient travels through the scanner) and projec-
ion angle, and results in significant dose savings for
verage-sized patients.68,69 Automatic exposure control
ay increase the dose for obese patients, as it normalizes

oise across the imaged volume, but this dose increase
ay be important to maintain image quality in the bony

elvis in such patients. Although submillimeter slice
hicknesses are now possible with 64-slice CT systems,
tilization of such slice thicknesses results in data sets of
housands of images, increases image noise, and will
esult in increased radiation dose if noise is held con-
tant. Numerous phantom experiments have demon-
trated that polyps 6 mm or greater in size can be de-

ected using slice thicknesses of 3 mm or less, with
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arrower slice thicknesses potentially increasing lesion
onspicuity.70 –72 Several large patient studies using 2.5-
r 3-mm slice thickness have demonstrated acceptable
erformance for detecting polyps 6 –9 mm in size.5,9,73

Unlike routine abdominal CT, which identifies solid
rgan abnormalities using differences in x-ray attenua-
ion between soft tissue structures, CT colonography
dentifies colonic polyps and cancers by exploiting the
ttenuation difference between these soft tissue lesions
nd intracolonic air. The resulting attenuation gradient
s much greater, permitting CT colonography examina-
ions to be performed at much lower doses. Scanning at
ower dose (ie, lower milliampere settings, higher pitch)
ncreases image noise and complicates visualization of
xtracolonic structures but does not compromise the
etection of colorectal polyps and cancers 5 mm or
reater in size.71,74 –77 The radiation dose for CT colonog-
aphy examinations using supine and prone acquisitions
n published CT colonography protocols averages 8

Sv,75 compared with the barium enema, which has an
stimated effective dose of 4.0 mSv in males and 8.8 mSv
n females.78 The tube current used to achieve doses
imilar to barium enema varies depending on scanner

odel and other acquisition parameters but should be
ithin this range for average-sized patients for routine
T colonography examinations. The American College of
adiology practice guidelines for CT colonography rec-
mmend a kVp of 120 kV and a tube current of �100
As for routine CT colonography examinations in adult

atients.46 The risk of radiation exposure to the public,
ased on typical CT acquisition parameters and extrap-
lated to cancer risk estimated for atomic bomb survi-
ors of all ages who had whole body exposures of a mean
f 20 mSv, appeared to be low.79 Even with these assump-
ions (because CT colonography involved only older pa-
ients with diminished risk for an induced cancer and
canning of the abdomen and pelvis only), it was con-
luded that “the benefit-risk ratio is large for CT colonog-
aphy.” When characterization of solid organs is neces-
ary (eg, to evaluate a potentially significant extracolonic
nding or to stage an obstructing colon cancer), intrave-
ous contrast with normal dose settings should be em-
loyed. Intravenous contrast may also be used to help
llow better characterization of polyps (eg, to help dis-
inguish polyp from stool, or in the setting of excess
olonic fluid).80 In these circumstances, normal dose set-
ings are also appropriate so that the attenuation of
olonic lesions can be accurately assessed.

Prior to patient dismissal, CT data sets should be
eviewed by a trained technologist or physician to ensure
omplete imaging of the colorectum and adequate visu-
lization of colonic segments. Repeat scanning after re-
nflation, changes in patient position, or intravenous
ontrast may be required if colonic segments are inade-
uately visualized because of collapse or excess fluid.46,80
T images should be sent to a dedicated CT workstation
or interpretation as well as archived as part of the med-
cal record for future comparison purposes.

CT Interpretation
CT colonography evaluation can be divided into

he following 2 steps: (1) a primary search for suspicious
olonic lesions and (2) lesion characterization. The pri-
ary search can be achieved using either an initial 2D

earch strategy, in which enlarged 2D images are evalu-
ted sequentially from rectum to cecum,36,81,82 or a pri-
ary 3D search, in which the endoluminal surface of the

olon is reviewed.83 Performing a primary 3D search in
ddition to a primary 2D search may increase sensitivity
y approximately 10%4 but requires additional interpre-
ation time.84 Primary 3D search has been cited as a
eason for the high sensitivity achieved in some studies,5

ut smaller studies employing primary 2D search have
lso achieved similar results.9,74 Flat lesions, which ap-
ear as cigar-shaped, plaque-like, focal regions of soft
issue attenuation, are best seen using 2D images.85

iven the advantage of both primary 2D and 3D search,
ptimal performance likely involves both search meth-
ds. Lesion morphology is assessed by correlation of 2D
nd 3D images to distinguish polyps from folds. Lesion
ensity is determined by visual interrogation of intrale-
ional attenuation (to differentiate stool from neoplasia
r lipoma). Lesion mobility is judged by comparison of

esion position on supine and prone images. When a
olyp or cancer is identified, it should be measured on
D images with lung window settings or using 3D en-
oluminal views.86,87 Adequate CT colonography work-
tations permit the viewing of enlarged 2D images in

ultiple planes, 3D endoluminal navigation and inter-
ogation, as well as simultaneous viewing of 2D and 3D
mages, simultaneous viewing of supine and prone im-
ges, and variation of window/level settings and field of
iew size to examine intralesional attenuation and the
xtracolonic tissues.46

Task Force Recommendations

● The bowel purgative method should be tailored to
the patient and local endoscopy practice. Use of
stool and fluid tagging agents is preferred but not
mandatory.

● Dedicated personnel should be trained in manual
and automated insufflation techniques. Automated
insufflation is preferred but not mandatory.

● A CT scout should be performed prior to scanning
to confirm adequate insufflation. Supine and prone
CT acquisitions should be performed. Trained per-
sonnel should review 2D images of the colorectum
prior to patient dismissal to ensure adequate visual-
ization of all colonic segments.
● CT colonography should be performed using multi-
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detector CT (minimum 4 detector) using protocols
with high spatial resolution (ie, �3-mm slice thick-
ness), low-dose (�100 mAs) technique. If intrave-
nous contrast is needed, routine dose settings (�100
mAs) should be used.

● Computer workstations for dedicated CT colonog-
raphy interpretation should permit comparison of
supine and prone data sets, primary 2D and primary
3D visualization of the colonic lumen, correlation of
2D and 3D images, and 2D evaluation in multiple
planes using a variety of window settings.

● CT colonography images should be archived for
later comparison.

● Primary 2D or primary 3D review of the endolumi-
nal surface of the colorectum is required. Combined
primary 2D and primary 3D review is recommended
but not required. Polyps and cancers should be mea-
sured using 2D images with lung window settings or
3D endoluminal views.

● Physician presence or immediate availability is re-
quired near CT scanning in the event of a colonic
perforation or in the event of an allergic reaction to
intravenous contrast.

Reading and Reporting
Reading
Intracolonic findings. All intracolonic findings

hould be examined, and any segment not adequately
valuated should be documented. All large masses and
esions that compromise luminal caliber should be com-

unicated. The size and location of colorectal lesions
hould be reported, with appropriate images annotated
r described. Descriptive features of polyps and masses
hould include morphologic features (sessile, peduncu-
ated, flat), location (rectum, sigmoid, descending, trans-
erse, ascending colon, cecum), and lesion attenuation
soft tissue attenuation and fat).

Extracolonic findings. Extracolonic findings (many
f which are incidental findings) are common. In a recent
ystematic review involving 3488 patients, 40% of the
atients had 1 or more abnormality. Extracolonic cancers
ere detected in 2.7% of patients, and 0.9% had an aortic
neurysm.88 Approximately 1%–2% of patients will have
ighly important findings requiring medical or surgical

ntervention.89,90 The incidence of extracolonic findings
ar surpasses the incidence of colorectal lesions of 5 mm
n size,88,91,92 but the large majority of these findings are
ot clinically significant and require no medical workup

eg, hiatal hernia, cholelithiasis, renal stone).
Typically, the detection and interpretation of extraco-

onic findings at CT colonography has been performed by
adiologists, who have completed formal training pro-

rams and passed written and oral subspecialty examina- a
ions testing their ability to detect radiographic abnor-
alities. Radiologists are trained in the use of CT in a

ariety of practice settings not germane to the practice of
T colonography (eg, trauma, CT angiography, onco-

ogic staging). Additionally, the occasional use of intra-
enous contrast will necessitate the identification of le-
ions unseen without intravenous contrast and the
haracterization of nonspecific abnormalities. These in-
tances require extensive expertise in recognizing abnor-

alities of the lungs, solid organs, retroperitoneum, and
he extracolonic gastrointestinal tract. Therefore, all ex-
racolonic findings should be reported, and a radiologist
hould be consulted to properly examine the extracolonic
ortion of the study.

Task Force Recommendations

● CT colonography reading should include the size,
morphologic features, and location of polyps and
masses and lesion attenuation.

● Overall results and findings of the CT colonography
examination should be adequately documented and
communicated back to the referring physician and
patient.

● Gastroenterologists should work collaboratively with
board-certified radiologists to review the extracolonic
portion of the CT colonography examination.

● All visualized extracolonic findings should be de-
scribed, along with recommendations for further
workup communicated back to the physician who
ordered the test and the gastroenterologist who per-
formed the CT colonography examination.

Reporting
Development of a standardized method of report-

ng CT colonography will be influenced by local practice,
eferral patterns, and methods of information dissemi-
ation (paper vs electronic). As such, the guidelines here
re not intended to represent a standard but rather a
ramework for covering pertinent aspects of the patient
ncounter. Not surprisingly, the format of this report
arallels that which has been proposed for colonoscopy93

nd incorporates elements developed by the American
ollege of Radiology.45,46

Standardized report. The report should encom-
ass elements of preprocedure documentation, patient
emographics, indications, technical description, find-

ngs, clinical assessment, and recommendations (plan)
or follow-up (Table 2). In particular, the preprocedure
lement should include patient education and a discus-
ion of possible complications (eg, perforation) as well as
he risk of missing significant lesions. Review of available
lternatives to CT colonography for colonic evaluation is
ppropriate.

Polyp reporting. One of the most controversial

reas in the field has to do with reporting of polyps. In
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able 2. Recommended Elements in CT Colonography Report

1. Preprocedure:
Preparation type and use of fecal tagging
Facility, equipment, and software used
IV contrast
Slice collimation (�3 mm optimal, maximum is 5 mm) and reconstruction interval (�1.5 mm is optimal, maximum is 2.5 mm)
Method of interpretation

Primary 2D
Primary 3D

2. Indication(s) for procedure:
Recommended documentation in all cases if known

Date of last examination and type (eg, colonoscopy, CT colonography)
Family history of colorectal cancer in first-degree relative

Number of family members
Age of index family member(s) who had colorectal cancer
Family history of adenoma in first-degree relative

Average risk
Family history of colorectal cancer (first-degree relative)
Family history of adenomatous polyps (first-degree relative)
Familial syndrome

FAP
HNPCC

3. Technical description:
Procedure date and time
Insufflation:

CO2 or room air
Rectal balloon use
Technique (patient or technician controlled)
Use of antispasmodic (eg, glucagon)
Patient tolerance (good, fair, poor)

Position of patient for scanning:
Supine and prone
Additional views in decubitus

Quality of examination:
Preparation
Colon distention/visualization

Segments of colon not adequately distended
Segments of colon in which fluid/stool obscures visualization in all positions

a. Findings: intracolonic
Colonic mass (lesion �3 cm)

Anatomic location (use standard terms of rectum, sigmoid colon, descending colon, transverse colon, ascending colon and cecum)
Maximum diameter with annotated images referenced in report
Morphology

Sessile: broad based with a width greater than vertical height
Pedunculated: polyp with separate stalk
Flat: polyp with vertical height less than 3 mm above surrounding normal colonic mucosa

Depth of invasion
Circumferential
Luminal narrowing (% compromised)
Regional lymphadenopathy
Distant metastases

Colonic polyp(s) (descriptors for each polyp)
Anatomic location
Maximum diameter (mm) with annotated images referenced in report
Morphology

Sessile: broad based with a width greater than vertical height
Pedunculated: polyp with separate stalk
Flat: polyp with vertical height less than 3 mm above surrounding normal colonic mucosa

Polyp cluster: multiple polyps (3 or more) in same anatomic region
Anatomic location
Size range: mm
Approximate number in a segment
Morphology (sessile/pedunculated/flat)

Fat attenuation lesion
Anatomic location

Size: mm
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atients undergoing the examination for screening, polyp
ize remains one of the most important criterion by
hich a given lesion could be stratified with respect to

he risk of developing into cancer.94 The detection and
eporting of colorectal polyps is affected by multiple
onsiderations including the screening and surveillance
ecommendations, the natural history of subcentimeter
olyps, the performance (sensitivity and specificity) of CT
olonography for polyps of different sizes, the accuracy
f polyp measurement at CT colonography, and the se-

ection of CT colonography acquisition parameters and
owel tagging regimens.12,29,93,95,96 Even CT colonogra-
hy studies that have reported satisfactory results for
olyps 6 –9 mm in size report poor performance for
olyps 5 mm or smaller in size.9,73

General agreement exists that all polyps �10 mm
hould be reported and the patient referred to endo-
copic polypectomy because 10%–25% of these lesions
ill harbor high-grade dysplasia or cancer.97 However,

ull consensus relating to the reporting or management
f subcentimeter polyps discovered at CT colonography
as not been reached among all groups.12,93,98,99 It is
enerally agreed that the presence of 3 or more small

able 2. (Continued)

Mucosal abnormality
Suspected diagnosis: ulcerative colitis, Crohn’s disease, ische
Anatomic location/extent

Other findings:
Diverticulosis
Arteriovenous malformations
Hemorrhoids
Other

b. Findings: extracolonic
E0: limited examination. Compromised by artifact; evaluation of
E1: normal examination or anatomic variant. No extracolonic abn

Anatomic variant: eg, retroaortic left renal vein, replaced hep
E2: clinically unimportant finding. No workup indicated.

Liver, kidney: simple cysts
Gallbladder: cholelithiasis without cholecystitis
Vetebra: hemangioma

E3: likely unimportant finding, incompletely characterized. Worku
Kidney: minimally complex or homogeneously hyperattenuati
Gallbladder: cholelithiasis without cholecystitis
Vetebra: hemangioma

E4: potentially important finding. Method of communication to re
written report).
Kidney: solid mass
Lymphadenopathy
Vasculature: aortic aneurysm
Lung: nonuniformly calcified parenchymal nodule �1 cm

5. Interventions/unplanned events
Events and unplanned interventions during or immediately afte

Type of event (eg, vasovagal, perforation)
Type of intervention

6. Assessment and follow-up plan
Should be based on history, symptoms, and CT colonography
Documentation of communication directly to the patient and re

AP, familial adenomatous polyposis; HNPCC, hereditary nonpolypos
olyps increases the risk of developing colorectal can- e
er.96 In the recent CT colonography reporting and data
ystem consensus proposal, for the purposes of screen-
ng, 6 mm was suggested as the minimum size for re-
orting polyp lesions.93 This viewpoint was endorsed by
he European Society of Gastrointestinal and Radiology
n a recent consensus statement that recommends polyps

mm or smaller should be ignored, and a significant
inority among the faculty would ignore 5-mm polyps,

ven when multiple.100 The practice guidelines of the
merican College of Radiology for the performance of
T colonography in adults state that the reporting of
olyps �5 mm is not recommended.46 Current American
ollege of Gastroenterology recommendations state that
atients with polyps �6 mm and patients with 3 or more
olyps of any size should be offered colonoscopy and
olypectomy.95 It also recommends that polyps of any
ize detected with moderate to high confidence should be
eported because patients and referring physicians de-
erve to be aware of the test results.

The referral of patients to endoscopy for diminutive
esions (when CT colonography specificity is low) could
ead to a large number of patients being referred to
ndoscopy95 and compromise productivity at subsequent

infection, and others

olonic soft tissues is severely limited.
lities visible
artery arising from the superior mesenteric artery

y be indicated depending on local practice and patient preference.
st

g physician as per accepted practice guidelines (eg, telephone call,

colonography

gs
g MD

orectal cancer.
mia,

extrac
orma
atic

p ma
ng cy

ferrin

r CT

findin
ferrin
ndoscopy. Moreover, current CT colonography acquisi-
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ion parameters (principally slice thickness and radiation
ose) are tailored to the detection of polyps 6 to 10 mm

n diameter, but thinner slices or increased dose might
mprove performance.71,72 Based on these considerations,
t is recommended that all polyps 6 mm or larger should
e reported but that smaller lesions need not be reported
nd should only be reported when reader confidence is
ery high.

Task Force Recommendations

● CT colonography findings should be communicated
to the patient as well as the patient’s referring phy-
sician in a timely manner through direct contact
with the patient and a standardized report back to
the physician (Table 2).

● Any polyp �6 mm should be reported and the pa-
tient referred for consideration of endoscopic
polypectomy.

● Patients with 3 or more polyps of any size in the
setting of high diagnostic confidence (The level of
diagnostic confidence should be assessed by the ex-
amining physician based on patient history, the size
of lesion[s], appearance of lesion[s], clinician experi-
ence with the procedure, the quality of preparation,
the level of distention, and the overall quality of the
examination.) should be referred for consideration
of endoscopic polypectomy.

● Patients with 1 or 2 lesions each no greater than 5
mm may not need to be reported but can be reported
when diagnostic confidence is high. Insufficient data
exist to recommend a follow-up interval for repeat
study for these patients and whether it should be
radiologic CT, colonoscopy, or one of other evolving
methods. In the absence of data, the follow-up in-
terval recommended for these patients should be
based on individual characteristics of the patient
and procedure.

● Further investigation is recommended to under-
stand better the natural history of colon polyps and
to facilitate the most appropriate clinical path.

Quality Control and Safety
A comprehensive technical and professional qual-

ty control program is necessary. Technical quality con-
rol should encompass both the CT scanner and the CT
olonography workstation. In addition to routine quality
ontrol, facilities performing CT colonography must en-
ure that all rooms containing x-ray devices are appro-
riately shielded for radiation in accordance with all
ederal and state regulations (NRC Regulations; http://
ww.nrc.gov/reading-rm/doc-dollections/cfr/part020/

ull-tex.html). Annual testing should include uniformity

esting of CT number as well as spatial resolution, with t
isibility to 5-line pairs/cm bar pattern clearly resolved
http://www.acr.org/accreditation/computed/ct_qc_forms_
tml). Daily testing should include manufacturer or wa-
er phantom testing of CT number and noise, depending
n state regulatory requirements. The CT colonography
orkstation monitor should undergo weekly Society of
otion Picture and Television Engineers (SMPTE) or

quivalent video test pattern testing showing lack of
liasing of bar patterns and other artifacts with 95% and
% squares visible.101

Professional quality assessment monitors outcomes re-
ating to established metrics within a practice. It is an-
icipated that, over time, national benchmarks for CT
olonography performance will be established, which can
erve to improve quality and potentially guide reimburse-

ent.102,103 A National Radiology Data Registry is under
evelopment that could serve as an “overarching” registry

n which modality specific data (eg, positron emission
omography scans and CT colonography) could be en-
ered.104 For internal quality assessment purposes, prac-
ices should establish mechanisms to track endoscopic
ndings in patients referred to colonoscopy so that true-
ositive rate, false-positive rate, and sensitivity in referred
atients can be calculated. The number of “inadequate”
xaminations, in which full assessment of the colorectum
s precluded by excess stool, fluid, or collapse should also
e recorded. The adequacy of the preparation, the appro-
riateness of the follow-up recommendations, and the
rompt notification of the patient and the referring phy-
ician should also be tracked. Any complications at CT
olonography should be recorded, along with any predis-
osing conditions (such as obstructing lesions, concom-

tant colonic disease, or type of insufflation).105 Such
easures will alert physicians that changes may need to

e made in patient educational materials, patient prepa-
ation regimens, or interpretation techniques.

Retrospective, sporadic review of CT colonography
arameters and reports can also ensure that appropri-
te technique and practice patterns are being followed.
n particular, retrospective review of technical param-
ters in average-sized patients should measure compli-
nce with standard acquisition protocols, ensuring
ow-dose, high spatial resolution technique. Addition-
lly, random CT colonography reports should be re-
iewed to ensure compliance with guidelines, ensuring
hat they include information summarizing technique,
olyp location, and size and presence of significant
xtracolonic pathology.

Standardized practices followed by all physicians and
llied health personnel within a practice can also improve
atient safety. Practices should establish their own poli-
ies with respect to the use of intravenous iodinated
ontrast (eg, indications, rate and amount of administra-

ion, contraindications, treatment of adverse reactions).

http://www.nrc.gov/reading-rm/doc-dollections/cfr/part020/full-tex.html
http://www.nrc.gov/reading-rm/doc-dollections/cfr/part020/full-tex.html
http://www.nrc.gov/reading-rm/doc-dollections/cfr/part020/full-tex.html
http://www.acr.org/accreditation/computed/ct_qc_forms_html
http://www.acr.org/accreditation/computed/ct_qc_forms_html
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Task Force Recommendations

● Practices should establish a technical quality control
program that monitors spatial resolution, CT num-
ber, and noise of CT systems and grey scale of CT
colonography computer workstation monitors.

● Professional quality control should include tracking
of endoscopic results in patients referred to endos-
copy from CT colonography so that true-positive
and false-negative rates can be tracked.

● The frequency of “inadequate” examinations and
complications should be recorded.

● Random sampling of CT colonography images and
reports should be performed to measure compliance
with low-dose, high spatial resolution techniques
and standardized reporting guidelines.

● Practices should establish their own policies and
procedures with respect to the use of iodinated in-
travenous contrast.

Regulatory Issues
Several regulatory issues affect the gastroenterol-

gist’s decision to perform CT colonography including
he following: (1) who can perform the service; (2) split
nterpretation, in which one physician interprets intraco-
onic images and another performs the extracolonic im-
ges; and (3) risk management issues.

Who Can Perform CT Colonography:
Implications of Stark Laws
The first consideration with regard to who is al-

owed to perform CT colonography centers around the
oncept of self-referral or “kickback.” Concern that kick-
ack schemes could corrupt the professional judgment of
eferring physicians and result in overutilization or or-
ering unnecessary items and services led to the 1972
ederal Anti-kickback Law.106 Since its creation, the orig-

nal anti-kickback statute has been revised to allow more
han 20 exceptions or “safe harbors” such as for invest-

ents in group practices, small health care joint ven-
ures, space rental, and equipment rental. In 1989, Con-
ress passed “Stark I,” prohibiting a physician from
eferring Medicare patients to an entity for clinical labo-
atory services if the physician (or their immediate family

ember) has a financial relationship with that entity. In
993, “Stark II” expanded the Medicare self-referral ban
o prohibit physicians from referring “designated health
ervices” to an entity with which the physician has a
nancial relationship, unless that financial relationship
eets an exception.107,108 The definition of “designated

ealth services” is key and includes, among other things,
adiology and certain other imaging services, including
ltrasound, CT, magnetic resonance imaging, and nu-

lear medicine. Both performing and interpreting CT s
olonography constitute designated health services.109

anctions for violating the Stark statutes are severe, in-
luding refunds to the Medicare program, civil monetary
enalties, and, under some circumstances, exclusion from
he Medicare and Medicaid programs.

Referrals
The Stark statute defines referral very broadly to

nclude the request by a physician for an item or service.
egulations clarify that a physician does not make a

eferral when he or she personally performs a service.
owever, a service is not personally performed if it is
rovided by any other person, including but not limited
o the referring physician’s employees, independent con-
ractors, or group practice members. Stark prohibits re-
errals only if the physician has a financial relationship
ith the entity to which the referral is made. A financial

elationship may consist of an ownership, investment
nterest, or a compensation arrangement that can be
irect or indirect. An indirect financial relationship could
rise, for example, if a physician has a contract with, or
wnership in, an entity such as an imaging center that
as a contract with a hospital to which the physician
efers. An indirect ownership interest may pierce through
everal “holding companies” or layers of ownership estab-
ished as an intermediary entity through which revenues
btained from referrals, for example, would be distributed
o the physicians proportionally to their ownership interests
nd/or capital investment but not directly based on the
olume of referrals.

The Stark regulations clarify that an indirect owner-
hip interest will trigger Stark sanctions only if the entity
urnishing the designated health services has actual
nowledge of or acts in reckless disregard or deliberate

gnorance of the fact that the referring physician (or an
mmediate family member) has some ownership or in-
estment interest in the entity.110

Split Interpretation and Billing for Services
Billing for CT colonography services when a gas-

roenterologist furnishes the interpretation of the co-
onic images and a radiologist furnishes the interpreta-
ion of the extracolonic findings appears to be a
omplicated issue but could be accomplished in several
ays. If a gastroenterologist refers the CT colonography

o a radiology group or imaging center that bills for the
ervice, and the gastroenterologist is compensated by
he group/center for interpreting the colonic images, the
astroenterologist’s compensation would need to meet
he Stark Personal Services or Fair Market Value excep-
ions. If the gastroenterologist is engaged by the group/
enter through the gastroenterologist’s group practice,
he compensation would need to satisfy an indirect com-
ensation arrangement analysis.111 Unfortunately, there

s no clear definition of “fair market value.” Physicians

hould not base rates on internally generated analyses,
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nd fair market values cannot be based on the volume or
alue of referrals to the physician. Each of the exceptions
as additional technical requirements that would need to
e satisfied and should be researched further prior to
ntering into a relationship.

If the gastroenterologist bills for the entire interpreta-
ion, but enters into an arrangement with a radiologist to
erform a portion, the threshold Stark question is
hether the radiologist is furnishing a designated health

ervice. The conservative approach would be for the ra-
iologist to be employed on a part-time basis by the
astroenterology group, or for the gastroenterologist to
erform the entire interpretation with a radiologist
overread,” so as to strengthen the argument that the
adiologist has not in fact furnished a designated health
ervice billed for by the group.

Currently, 2 category III current procedural terminol-
gy (CPT) codes (0066T, 0067T) could be used for CT
olonography: 1 for screening studies and 1 for diagnos-
ic. Category III codes are temporary codes used to track
merging technologies, services, and procedures.112 Medi-
are does not set specific reimbursement criteria for these
odes; therefore, payment for a category III code is up to
he discretion of the specific carriers.113 The 2 existing
odes capture the work associated with the interpretation
f all images gathered from the study. No current CPT
odifiers could be appropriately used to reflect a split

nterpretation by 2 different specialists. Therefore, it ap-
ears that the service must be billed by one of the 2

nterpreting physicians, with the billing physician sepa-
ately reimbursing the nonbilling physician for his or her
nterpretation service.

Split interpretation arrangements are potentially
roblematic because the Centers for Medicare & Medi-
ade Services-1500 claim form requires certification by
he billing physician that “the services shown on this
orm . . . were personally furnished by (the billing phy-
ician) or were furnished incident to (his or her) pro-
essional service by (his or her) employee under . . . im-

ediate personal supervision.” In situations in which
he billing physician interprets only a portion of the
T study, he or she may be falsely certifying that he or

he furnished all services; this could be construed as a
alse claim.

A conservative approach to coding and reimbursement-
elated concerns would be for the gastroenterologist to
erform an interpretation of all images and contract with
he radiologist for an overread. The gastroenterologist
ould argue that he or she has “personally furnished” all
f the services claimed. In a presumed split interpretation
rrangement, the patient would be referred for the CT
olonography by the gastroenterologist, who will bill for
he interpretation and contract with the radiologist, on a
xed per-interpretation basis, to perform or overread the
xtracolonic image interpretation. This arrangement,

owever, potentially implicates the Federal Anti-kickback t
aw because it could be alleged that the radiologist is
roviding remuneration in the form of discounted ser-
ices in exchange for this referral or other unrelated
eferrals. Accurately defining “fair market value,” there-
ore, is critical. Unfortunately, no statute or regulation
efines “fair market value” under the Federal Anti-kick-
ack Law. The gastroenterologist can minimize exposure
nder the kickback law by not setting lower fees for the
plit interpretation in return for the referral or the promise
f other business that the radiologist could bill directly.

The only potentially applicable “safe harbor” for a
ompensation arrangement between the gastroenterolo-
ist and the radiologist in a split interpretation or over-
ead arrangement is the personal services and manage-

ent agreements safe harbor,114 an agreement in advance
etween 2 physicians that specifies the schedule and
recise length of work to be furnished and the aggregate
ompensation paid over the term of the agreement. In
eveloping such an agreement, the gastroenterologist
nd radiologist should consult with legal counsel and
nsure that the agreement includes at least (1) a specific
ime frame, (2) the specifics of reimbursement, (3) the
arameters of each physician’s responsibility, (4) the ba-
is for splitting the interpretation, (5) which physician is
esponsible for recommending additional diagnostic
ests or consults with other specialists, and (6) which
hysician is responsible for communicating the interpre-
ation results to the patient and for managing the pa-
ient’s course of treatment.

Oversight
For diagnostic tests payable under the Medicare

hysician Fee Schedule, CT studies without contrast re-
uire “general supervision.” This stipulates that, al-
hough the physician’s presence is not required during
he performance of the procedure, the training of the
onphysician technician who actually performs the test
nd the maintenance of the necessary equipment and
upplies are the continuing responsibility of the super-
ising physician. CT studies with contrast require “direct
upervision,” meaning the physician must be present in
he office suite and immediately available to furnish
ssistance and direction throughout the procedure.115

Risk Management Issues
Split interpretations also raise a risk management

ssue as to whether the gastroenterologist is clinically
ompetent to read colonic and extracolonic images with-
ut assistance from a radiologist and, furthermore,
hether the radiologist or the gastroenterologist could
e held liable for the errors or omissions of the other in
onnection with their respective interpretations of the
T colonography source images.
The premise that a split interpretation is medically

ecessary, and indeed clinically preferable, is based on the

win assumptions that (1), although the radiologist is
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resumptively qualified (as a matter of education and
xperience but also by community standard) to provide
n interpretation of all source images, the gastroenterol-
gist is qualified to interpret the colonic images and is
rguably the more appropriate professional to conduct
hat portion of the review based on a combination of that
hysician’s training and clinical knowledge of the partic-
lar patient; and (2), although the gastroenterologist may
e competent to interpret the colonic images, the gastro-
nterologist may not be best qualified to interpret the
xtracolonic images absent specialized training and expe-
ience akin to that of a radiologist.

The second major risk management question posed by
split interpretation arrangement is whether the gastro-

nterologist could be held liable for an incorrect or in-
omplete interpretation of the radiologist. A further
uestion is whether the physician who signs the report is
ffirming the other physician’s interpretation and is
herefore assuming any liability associated with that in-
erpretation.

State laws governing medical malpractice determine
hether and how physicians can be held liable for the

rrors and omissions of another physician and how any
uch liability will be apportioned. Regardless, a malprac-
ice action alleging negligence based directly or indirectly
n an interpretation of a set of images will typically

nclude as defendants all physicians who played any role
n interpreting those images. As such, there is little that
an be done to reduce the risk of a gastroenterologist
eing named in a lawsuit that involves a split interpreta-
ion. To reduce the risk that the gastroenterologist will
ltimately be held liable for the acts or omissions of the
adiologist, it is recommended that each physician
hould sign a separate report: the gastroenterologist of
is/her interpretation of the colonic images and the ra-
iologist a report of his/her interpretation of the extra-
olonic images. The report form could include a state-
ent indicating that the radiologist’s interpretation is

ncluded therein but is not independently validated by
he gastroenterologist. Although this might limit the
astroenterologist’s potential liability for the profes-
ional negligence of the radiologist, this approach would
ncrease the potential false certification and Stark risks as
ompared with an approach by which the gastroenterol-
gist issues a single report that incorporates the radiol-
gist’s overread findings.

The education provided to the patient should ex-
ressly include the fact that both the gastroenterolo-
ist and the radiologist will be interpreting the images
nd the reasons therefore. The education should also
dentify for the patient which physician will discuss
he results of the test with the patient and which
hysician will be in charge of any treatment decisions
ased on the interpretations.
A gastroenterologist who agrees to a split interpre-
ation arrangement should prospectively consult with
is or her malpractice carrier to obtain guidance from
he carrier concerning limitations of coverage relating
o such services and whether such limitations could be
ifferent in a split interpretation vs an overread ar-
angement.

Task Force Recommendations

● Split interpretations of CT colonography are feasible
under federal anti-kickback and Stark laws.

● Physicians entering into a split interpretation agree-
ment should seek counsel to develop a written split
interpretation agreement.

● Gastroenterologists and radiologists performing
split interpretations should dictate and sign separate
procedure reports that clearly state the specific ser-
vices they performed related to CT colonography.

● Gastroenterologists considering offering CT colonog-
raphy should consult with their health care counsel
regarding compliance with state and local regulations.
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ACR PRACTICE GUIDELINE FOR THE PERFORMANCE OF COMPUTED 
TOMOGRAPHY (CT) COLONOGRAPHY IN ADULTS
 
PREAMBLE 
 
These guidelines are an educational tool designed to assist 
practitioners in providing appropriate radiologic care for 
patients. They are not inflexible rules or requirements of 
practice and are not intended, nor should they be used, to 
establish a legal standard of care. For these reasons and 
those set forth below, the American College of Radiology 
cautions against the use of these guidelines in litigation in 
which the clinical decisions of a practitioner are called 
into question. 
 
The ultimate judgment regarding the propriety of any 
specific procedure or course of action must be made by 
the physician or medical physicist in light of all the 
circumstances presented. Thus, an approach that differs 
from the guidelines, standing alone, does not necessarily 
imply that the approach was below the standard of care. 
To the contrary, a conscientious practitioner may 
responsibly adopt a course of action different from that 
set forth in the guidelines when, in the reasonable 
judgment of the practitioner, such course of action is 
indicated by the condition of the patient, limitations on 
available resources, or advances in knowledge or 
technology subsequent to publication of the guidelines. 
However, a practitioner who employs an approach 
substantially different from these guidelines is advised to 
document in the patient record information sufficient to 
explain the approach taken. 
 
The practice of medicine involves not only the science, 
but also the art of dealing with the prevention, diagnosis, 
alleviation, and treatment of disease. The variety and 
complexity of human conditions make it impossible to 
always reach the most appropriate diagnosis or to predict 
with certainty a particular response to treatment.  

 
 
 
Therefore, it should be recognized that adherence to these 
guidelines will not assure an accurate diagnosis or a 
successful outcome. All that should be expected is that the 
practitioner will follow a reasonable course of action 
based on current knowledge, available resources, and the 
needs of the patient to deliver effective and safe medical 
care. The sole purpose of these guidelines is to assist 
practitioners in achieving this objective. 
  
I.   INTRODUCTION 
 
Examination of the colon by CT colonography is a useful 
procedure for evaluating the colon and is an evolving 
technology. It may be the initial method of colonic 
investigation or may be employed as an alternative to 
colonoscopy when the latter is contraindicated or imposes 
a significant medical risk, such as in patients on 
anticoagulation therapy or for whom sedation presents an 
increased risk. The goal of this radiologic examination is 
to establish the presence or absence of colorectal 
neoplasia by producing the optimum quality study at the 
minimum radiation dose necessary. This guideline is for 
the performance of CT colonography in adult patients. 
 
Individuals undergoing this examination may fall into one 
of several risk populations, and the examination may be 
designated as screening, surveillance, or diagnostic. There 
are several evidence-based guidelines which, with minor 
variations, categorize individuals into specific risk groups 
with correlated recommendations for management. 
Screening identifies individuals who are more likely to 
have colorectal cancer or adenomatous polyps from 
among those without signs or symptoms of the disease. 
Based on age related risk, all individuals without other 
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risk factors who are 50 years or older are considered at 
average risk. Those with a single first-degree relative 
(mother, father, sister, brother, or child) who have had 
colorectal neoplasia before age 60 or multiple first-degree 
relatives with neoplasia diagnosed at any age are defined 
as at increased or above average risk. Individuals with a 
long-standing history of inflammatory bowel disease or 
from families with defined genetic syndromes are at high 
risk. Surveillance involves the ongoing monitoring of 
people with previously diagnosed colorectal neoplasm or 
inflammatory bowel disease. The degree of risk may be 
related to the underlying or prior pathology. Diagnostic 
examinations are performed on symptomatic individuals 
or as a follow-up to a prior but less definitive screening 
study. These individuals, by definition, are considered at 
greater risk to harbor colorectal neoplasia. 

 
II. INDICATIONS 
 
The indications for a CT colonography examination 
include, but are not limited to: 
 

1. Screening examination in individuals who are at 
average or elevated risk for colorectal carcinoma 
or who have a first-degree relative with a history 
of colorectal neoplasm.  

2. Surveillance examination in patients with a 
history of previous colonic neoplasm, either 
benign or malignant. 

3. Diagnostic examination in patients with known 
or prior colorectal carcinoma and in symptomatic 
patients including, but not limited to, those with 
abdominal pain, diarrhea, constipation, 
gastrointestinal bleeding, anemia, intestinal 
obstruction, and weight loss. 

4. Following incomplete screening, surveillance, or 
diagnostic colonoscopy. 

5. Patients who require colonoscopy while on 
anticoagulant therapy. 

 
All imaging facilities should have policies and procedures 
to reasonably attempt to identify pregnant patients prior to 
the performance of any examinations involving ionizing 
radiation. If the patient is known to be pregnant, the 
potential radiation risk to the fetus and clinical benefits of 
the procedure should be considered before proceeding 
with the study. (1995, 2005 - ACR Resolution 1a)  
 
III. QUALIFICATIONS AND 

RESPONSIBILITIES OF PERSONNEL 
 
See the ACR Practice Guideline for Performing and 
Interpreting Diagnostic Computed Tomography (CT). 
 
In addition, it is recommended that supervising and 
interpreting physicians should have reviewed at least 50 
cases in one or more of the following formats:  

1. Formal hands-on interactive training on CT 
colonography interpretation.  

2. Supervision with a CT colonography-trained 
physician(s) acting as a double reader.  

3. Correlation of CT colonography and endoscopy 
findings in patients who undergo both 
procedures. 

 
Qualifications of the radiologic technologist should 
include familiarity with the technical requirements of CT 
colonography. 
 
IV. SPECIFICATIONS OF THE 
 EXAMINATION 
 
The written or electronic request for CT colongraphy 
should provide sufficient information to demonstrate the 
medical necessity of the examination and allow for its 
proper performance and interpretation.  
 
Documentation that satisfies medical necessity includes 1) 
signs and symptoms and/or 2) relevant history (including 
known diagnoses). Additional information regarding the 
specific reason for the examination or a provisional 
diagnosis would be helpful and may at times be needed to 
allow for the proper performance and interpretation of the 
examination.   
 
The request for the examination must be originated by a 
physician or other appropriately licensed health care 
provider. The accompanying clinical information should 
be provided by a physician or other appropriately licensed 
health care provider familiar with the patient’s clinical 
problem or question and consistent with the state scope of 
practice requirements. (2006 - ACR Resolution 35) 
 
A. Quality Control 
 
The following quality controls should be applied to all CT 
colonography examinations: 
 

1. Colon cleansing and distention should be 
adequate for detection of polyps 1 cm or larger. 

2. Efforts should be made to ensure an optimal 
examination and to resolve questionable 
radiographic findings in the colon before the 
patient leaves the facility. Focused additional 
imaging of the patient should be performed as 
necessary. 

3. The following is suggested for a quality control 
program: 
a. Radiologic, endoscopic, and pathologic 

findings should be correlated whenever 
available. 

b. Detection rates for colorectal cancer and 
polyps of 1 cm or greater should be 
determined and periodically monitored. A 
prevalence of 3-10% for polyps of 1 cm or 

http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/dx/ct_performing_interpreting.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/dx/ct_performing_interpreting.aspx
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greater should be expected. There should be 
an assessment of false positive rates for all 
reported polyps. 

 
B. Colon Preparation 
 
The preparation should consist of a combination of 
dietary restriction, hydration, osmotic laxatives such as 
the saline cathartics, and contact laxatives. The intent is to 
achieve a colon that is free of fecal material and excess 
fluid or as close to this ideal as possible. Polyethylene 
glycol lavage solution may be used, although it may leave 
excess residual fluid in the colon. 
 
There is insufficient evidence to recommend the routine 
use of oral contrast for labeling stool and/or fluid. In 
addition, “prepless” or “minimal prep” approaches have 
not been validated in clinical trials. 
 
C. Examination Technique 
 

1. An appropriate medical history should be 
available. 

2. The patient should evacuate prior to insertion of 
the rectal tube. 

3. The rectal tube tip should be inserted by a 
physician or a trained assistant (radiologic 
technologist, nurse, or physician assistant). If a 
rectal retention balloon is employed, inflation 
should be discontinued if the patient complains 
of pain.  This may indicate an increased risk of 
perforation. 

4. An antispasmodic agent such as glucagon may 
be administered to relieve significant spasm or 
patient discomfort. 

5. A sufficient volume of room air or carbon 
dioxide should be manually or electronically 
administered to provide full colon distention. 

6. The adequacy of colon distention should be 
checked with a scout image to ensure a complete 
and full column of gas throughout the colon 
before each CT acquisition. 

7. Complete anatomic imaging of the colon and 
rectum should be obtained in both the supine and 
prone positions. Additional insufflation will 
usually be necessary. 

8. Screening studies should be performed using a 
low-dose, nonenhanced CT technique. Generally 
this requires kVp=120, and mAs ≤ 100. Doses as 
low as 10 mAs have been shown to be adequate 
for primary 2D interpretation, but primary 3D 
evaluation may require 50-100 mAs. Patients 
with a large body habitus or metallic implants 
may require a higher dose for optimal imaging. 
Diagnostic examinations should be performed 
with intravenous contrast media administration, 
when not contraindicated, using standard body 

CT settings (kVp=120, mAs >200). Diagnostic 
studies are associated with an increased 
probability of colorectal carcinoma, which can 
be simultaneously staged, and an increased 
prevalence of extracolonic abnormalities, which 
can be better characterized and may represent the 
source of the symptom. 

9. CT colonography is optimally performed on a 
multidetector CT (MDCT) scanner. Slice 
collimation of ≤ 3 mm with a reconstruction 
interval of ≤ 1.5 mm is optimal. The breathhold 
should not exceed 25 seconds. A maximum of 5 
mm slice collimation with 2.5 mm reconstruction 
intervals is acceptable. 

10. Networking capability should be available to 
transfer the image data to a workstation with 
specialized software for CT colonography 
interpretation. 

11. The quality controls specific to the CT 
colonography study are: 
a. Complete anatomic coverage of the colon 

and rectum. 
b. Adequate colon distention and overall image 

quality. Each segment of the colon should be 
distended and free of most fluid and stool in 
at least one position. Suboptimally 
visualized colon should be scanned again. 
The use of decubitus views may be helpful 
in cases of suboptimal distention and 
excessive fluid. 

 
D. Data Interpretation 
 
The purpose of CT colonography is to accurately evaluate 
the colon for the presence or absence of clinically 
significant neoplastic lesions. Abnormalities may range 
from discrete mucosal elevations (which may be 
malignant or at risk to become malignant) to infiltrating 
tumors. Polyps should be measured in at least two planes 
utilizing multiplanar reconstruction and/or 3D images, 
and an assessment of the size of the lesion should be 
made based on the largest diameter. Lesion morphology 
(sessile, pedunculated, flat) and segmental location should 
be reported. 
 

1. Colon Imaging 
 
 CT data should be interpreted on a computer 

workstation that allows simultaneous axial 
imaging, multiplanar reformatted imaging, and 3D 
endoluminal viewing. Workstations should have 
the capability of displaying both axial supine and 
prone data together, and should allow the window 
width and level to be rapidly changed. Either a 
primary 2D interpretation technique using a cine 
function and scrolling through the axial images 
with a “colon tracking” technique or a primary 3D 
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endoluminal approach can be used for 
interpretation. 

 
a. Primary 2D approach 
 Using colon tracking, the axial images are 

reviewed systematically at lung and soft 
tissue window settings using a cine function 
(scrolling). The colon is followed in its 
entirety from the ano-rectal verge to the 
cecum, and a search for polypoid 
intraluminal protrusions and assessment for 
abnormal wall thickness are performed.  
i. If an abnormality is suspected during 

the axial review, it should be 
interrogated with multiplanar 
reconstruction (MPR) and endoluminal 
views to evaluate the morphology of the 
suspected lesion. 

ii. Supine and prone data should be 
evaluated to determine if the lesion is 
mobile. Causes of mobility include 
residual fecal material, pedunculated 
polyp, or a colon segment on a long 
mesentery. 

iii. The window setting should be adjusted 
to determine if the lesion shows 
homogeneous soft tissue attenuation or 
is heterogeneous. 

 
b. Primary 3D approach 
 An alternative approach to data 

interpretation is to perform 3D endoluminal 
imaging. To ensure complete visualization 
of the colonic surface, viewing should 
include antegrade (cecum to rectum) and 
retrograde (rectum to cecum) “fly throughs” 
using both supine and prone acquisitions. If 
an abnormality with morphologic 
characteristics of a polyp (round, oval, or 
lobulated) is detected on endoluminal 
imaging, it should be interrogated using 2D 
images to determine its attenuation 
characteristics and apparent mobility. Not all 
systems software is capable of providing 
adequate quality reconstructions for primary 
3D interpretation. A determination should be 
made as to whether the system being used is 
appropriate for this approach. 

 
2. Extracolonic Findings 
 
 Significant visualized extracolonic abnormalities 

should be documented. A study optimized for 
evaluation of colon abnormalities may not be 
optimal for extracolonic abnormalities. 

 

V. DOCUMENTATION AND 
 COMMUNICATION OF RESULTS 
 
Reporting should be in accordance with the ACR Practice 
Guideline for Communication of Diagnostic Imaging 
Findings. 
 
Any segment not adequately evaluated should be 
documented. All large masses and lesions that 
compromise luminal caliber should be communicated. 
Polyps ≥ 10 mm should be identified and described. 
Recommendations for endoscopic examination and their 
removal should be incorporated into the report.  
 
Reporting of polyps ≤ 5 mm is not recommended. They 
are frequently non-neoplastic or, if adenomatous, have an 
extremely low malignant potential or probability of 
containing invasive cancer. Furthermore, a high 
percentage of polyps identified on CT colonography in 
this size range remain undocumented on subsequent 
colonoscopy, either because they represent false positive 
interpretations or as a result of the approximately 25% 
failure rate of colonoscopy to identify such lesions when 
present. The potential harm of colonoscopy may outweigh 
the benefits.  
 
The reporting and recommendations for polyps measuring 
6-9 mm may vary, depending on the certainty of the 
finding and clinical context. When identified with 
reasonable probability they should be reported. The 
likelihood that a polyp in this size category will progress 
to a clinically significant neoplasm diminishes with 
increasing patient age due to the low likelihood of 
malignant degeneration in conjunction with the long 
natural history of this process. In some individuals 
follow-up CT colonography at 3-5 years may be 
acceptable. Recommendations should be based upon 
consideration of the lesion size, diagnostic confidence, 
patient’s age, and existing comorbid conditions. As the 
polyp approximates the upper limit of this size threshold, 
greater emphasis may be placed upon removal if the 
quality of the colonic preparation is adequate. It might be 
more appropriate to recommend polypectomy for a high 
probability polyp measuring 8-9 mm in an individual < 70 
years of age. 
 
Abnormalities or questionable abnormalities in structures 
unrelated to the colon may be identified during the 
process of reviewing the unenhanced 2D axial images of 
the colon. These are most common in, but not limited to, 
the kidneys, liver, adrenal glands, visualized portions of 
the lungs, and the major vessels. Characterization of 
extracolonic organs may be suboptimal with CT 
colonography technique. Likewise, extracolonic lesions 
may be present but not detectable.  Most extracolonic 
findings are not clinically significant, and reporting may 
cause unnecessary patient anxiety and additional 

http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/dx/comm_diag_rad.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/dx/comm_diag_rad.aspx
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diagnostic examinations. Clinical judgment should be 
used in reporting suspected extracolonic abnormalities.  
 
VI. EQUIPMENT SPECIFICATIONS 
 
Optimally, examinations should be performed with 
MDCT equipment meeting all applicable federal and state 
radiation standards as well as the requirements described 
in Section IV.C. 
 
Equipment should provide diagnostic image quality and 
networking capability.  Equipment should be capable of 
producing kilovoltage of 120 kVp or greater and ≤ 100 
mAs. 
 
VII.  RADIATION SAFETY IN IMAGING 
 
Radiologists, medical physicists, radiologic technologists, 
and all supervising physicians have a responsibility to 
minimize radiation dose to individual patients, to staff, 
and to society as a whole, while maintaining the necessary 
diagnostic image quality. This is the concept “As Low As 
Reasonably Achievable (ALARA)”. 
 
Facilities, in consultation with the medical physicist, 
should have in place and should adhere to policies and 
procedures, in accordance with ALARA, to vary 
examination protocols to take into account patient body 
habitus, such as height and/or weight, body mass index or 
lateral width. The dose reduction devices that are 
available on imaging equipment should be active or 
manual techniques should be used to moderate the 
exposure while maintaining the necessary diagnostic 
image quality. Patient radiation doses should be 
periodically measured by a medical physicist in 
accordance with the appropriate ACR Technical Standard. 
(2006 -  ACR Resolution 17) 
 
VIII. QUALITY CONTROL AND 

IMPROVEMENT, SAFETY, INFECTION 
CONTROL, AND PATIENT EDUCATION 
CONCERNS 

 
Policies and procedures related to quality, patient 
education, infection control, and safety should be 
developed and implemented in accordance with the ACR 
Policy on Quality Control and Improvement, Safety, 
Infection Control, and Patient Education Concerns 
appearing elsewhere in the ACR Practice Guidelines and 
Technical Standards book. 
 
For specific issues regarding CT quality control, see the 
ACR Practice Guideline for Performing and Interpreting 
Computed Tomography (CT). 
 
Equipment performance monitoring should be in 
accordance with the ACR Technical Standard for Medical 

Physics Performance Monitoring of Computed 
Tomography (CT) Equipment. 
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C
olorectal cancer is the second leading cause of cancer death in the

United States, claiming over 50,000 American lives annually. More

than 130,000 new cases are diagnosed each year. The vast majority

of colon cancers arise from readily identifiable precursor lesions, namely,

adenomatous polyps in the colon. Screening for colorectal cancer in asymp-

tomatic individuals, with detection and removal of these precursor lesions,

can be expected to significantly impact the death rate from this largely pre-

ventable cancer.

The most used screening tests in the past decade have included some com-

bination of fecal occult blood testing, sigmoidoscopy, or barium enema.

New data from large studies published at the start of this millennium indi-

cate that screening with flexible sigmoidoscopy missed more than 50% of

proximal neoplastic colonic lesions.1,2 This has led to a widespread consen-

sus among gastroenterologists that complete colonic examination with

colonoscopy is the most effective and desirable screening option. In addition

to being the most effective test in detecting colonic polyps, colonoscopy also

offers the singular advantage of allowing both detection and removal of

polyps during the same procedure.

CTC is a new imaging modality, which is evolving as a possible alternative

to colonoscopy for colon-cancer screening. In this review, we describe the

technique and examine the currently available data on the efficacy of CTC

for colorectal-cancer screening.

TECHNIQUE

At this time, bowel preparation similar to that necessary for colonoscopy is

also required for CTC. This is typically a polyethlyethylene glycol solution

alone or in combination with magnesium citrate or bisacodyl. In addition,

some centers have used oral contrast agents to label residual stool and

colonic fluid to improve diagnostic accuracy. Image processing software that

electronically removes the opacified residual colonic fluid from CT images

has also been used to improve diagnostic accuracy.

A rectal tube is inserted, and room air or carbon dioxide is insufflated into

the patient’s colon to the point of patient discomfort. CT images are then

acquired with the patient in both prone and supine positions, with the best

results reported when using multidetector (4 or 8 channel) CT scanners,

which allow for rapid image acquisition and superior image resolution.

Standard helical images of the colon are then manipulated by imaging soft-

ware to produce 2-dimensional axial images. In addition, 3-dimensional ren-

dered views of the colon, which simulate endoluminal views obtained during

colonoscopy, can be reproduced.

SAFETY OF CTC

The surface radiation dose received during CTC is approximately 0.44 rem,

roughly equivalent to undergoing two abdominal films. This is a relatively
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small dose of radiation. However, if a strategy of surveillance with repeat

CTC at short intervals is used for patients with small polyps, cumulative

radiation exposure over years may become a matter of concern.

Two cases of perforation have now been described in patients who under-

went virtual colonoscopy.3,4 Both were felt to have arisen as a consequence of

overinflation with air in patients with diseased colons.

FALSE-NEGATIVES AND FALSE-POSITIVES ON CTC

Typical reasons for false-positives on CTC have included stool in the colon,

breath-hold artifacts, and protruding haustral folds in poorly distended

colonic segments, all of which mimic polyps. Inadequate bowel cleansing

and inadequate colonic distension increase the probability of both false-

positives and false-negatives. Combining 2-dimensional and 3-dimensional

views decreases the chances of misdiagnosing polyps. The rectum and the

sigmoid colon remain problematic areas in interpreting CTC, the latter par-

ticularly in patients with severe diverticulosis.

Perceptual failure, where the polyp is evident on the CTC but is not recog-

nized as such by the reader, accounts for over half of the errors in several

studies. The major factors in perceptual failure are probably inadequate

training, because reading a CTC has a steep learning curve, and reader

fatigue caused by reading an overly high volume of cases.

STUDIES COMPARING CTC WITH COLONOSCOPY

Although several studies have been performed comparing CTC with

colonoscopy,3 recently published large multicenter studies that used multi-

detector scanners are of particular interest and best reflect the disparate state

of the evolution of CTC at present (Table 1).5-7 The best results were

reported by Pickhardt et al5 who essentially reported similar sensitivities for

CTC and colonoscopy in the detection of medium-sized and large polyps.

The superior results noted in this study may be explained by a combination

of the following factors. Careful bowel preparation with sodium phosphate

and bisacodyl was performed to minimize bowel fluid and confounding arti-

facts. Barium was used to achieve solid-stool tagging and opacification of

colonic fluid achieved with Gastrografin (Bracco Diagnostics, Princeton,

NJ). It is unclear if the presence of barium and Gastrografin in the colon

adversely affected the performance of colonoscopy in this study. Multi-

detector scanners were used, which permitted faster and higher-resolution

imaging. “Electronic cleansing” was achieved by using software that digitally

removed any opacified residual colonic fluid from CT images. Finally,

primary readings were performed by using 3-dimensional imaging, with 

2-dimensional images used only for problem solving. This approach most

closely simulates conventional colonoscopy. For all adenomatous polyps ≥ 6 mm,

the per polyp sensitivities were 86% and 90% for CTC and colonoscopy,

respectively. For adenomatous polyps ≥ 10 mm, the sensitivities were 92%

and 88% for CTC and colonoscopy, respectively. When the CTC data were

analyzed on a per patient basis, the sensitivity and the specificity for polyps

> 6 mm were 88% and 80%, respectively, and those for polyps > 10 mm

were 94% and 96%, respectively. These data suggest that, with optimal

bowel preparation, the use of multidetector CT scanners and image process-

ing that allows for electronic cleansing, the effects of perceptual failure in

CTC readers can be minimized, allowing CTC to approximate the accuracy

of colonoscopy.

The subsequent 2 recent studies may reflect the reality of the future per-

formance of CTC when transferred out of academic centers with a special

interest in the technology to multiple centers, including community settings,

with less well-trained readers or with readers who do not have a special

passion for the technology.

Cotton et al6 studied 600 symptomatic patients or patients with a history of

polyps at 9 major academic institutions by using 2- and 4-section scanners.6

Conventional colonoscopy detected 99% of lesions 6 to 9 mm in size and

96% of lesions ≥ 10 mm, compared with only 23% and 52% of lesions for

CTC. The poor results in this study may reflect the limited experience of

radiologists in 8 of the 9 centers, because the radiologists who read the

CTCs were only required to have performed 10 prior procedures. In con-

trast, the radiologists in the study reported by Pickhardt et al5 were required

to have trained by reading at least 25 prior CTCs, and 2 radiologists had

read over 100 studies. Oral contrast and “electronic cleansing” were not used

by Cotton et al.6 Again, CTC was read in the 2-dimensional mode, with 

3-dimensional readings limited to problem solving. This mode of reading

may have impacted on the final results to a limited extent.

Similar disappointing results were recently described by Rockey et al,7 despite

the use of superior CT scanners and the participation of more experienced

and better trained CTC readers than those used by Cotton et al.6 In this

multicenter study, 614 subjects at increased risk underwent 4- and 8-slice

multidetector scanning. Images were interpreted by primary 2-dimensional

TABLE 1. RECENT MULTICENTER STUDIES USING MULTIDETECTOR SCANNERS, COMPARING CTC WITH COLONOSCOPY

Per Polyp Sensitivity Per Patient Sensitivity Per Patient Specificity

Study Subjects (n) Population Studied M: 6-9 mm L: ≥10 mm M: 6-9 mm L: ≥10 mm M: 6-9 mm L: ≥10 mm  

Pickhardt et al5 (2003) 1233 Average risk* 86% 92% 89% 94% 80% 96%  

Cotton et al6 (2004) 615 Increased risk 23% 52% 30% 55% 93% 96%  

Rockey et al7 (2005) 614 Increased risk*†‡§ 47% 53% 51% 59% 89% (≥ 6 mm) 96%

M, medium size; L, large size.
*Family history of colon cancer.
† Positive fecal occult blood.
‡ Hematochezia.
§ iron deficiency anemia.
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reading, with 3-dimensional readings for problem solving. For lesions ≥ 10

mm, per lesion sensitivity for colonoscopy was 99% compared with 53% for

CTC. For lesions 6 to 9 mm in size, the sensitivity of colonoscopy was again

99% compared with only 47% for CTC. Approximately half the CTC readers

had prior experience of reading more than 50 cases. CTC readers with less

experience were required to complete a CTC training module. A greater

prior experience in reading CTC did not result in a higher detection rate for

polyps. Indeed, readers with less prior experience detected more lesions of

all sizes than more experienced readers. This may be a result of the fact that

they were required to complete formal training.

PROBLEMATICAL LESIONS FOR CTC: SMALL OR FLAT
POLYPS

Increasing polyp size results in an increasing risk of cancer. About 1% of

polyps > 10 mm in size become cancers per year. Similarly, about 2% to 7% of

adenomas in the 6- to 9-mm range will have areas of high-grade dysplasia,

and close to 1% will harbor invasive cancer. Colonoscopic removal of polyps

in these size ranges is clearly desirable and uncontroversial.

CTC has been shown in several studies to have poor sensitivity and specifici-

ty for polyps ≤ 5 mm. The risk of cancer is considerably less than 1% in

polyps in this size range and may be as low as 0.25% for polyps in this size

range. It has been suggested that the poor sensitivity of CTC in this size

range is less important given the lower neoplastic potential of polyps in this

size group.

The problem may, in fact, prove to be determining a satisfactory course of

action in patients where CTC does detect a small polyp (≤5 mm). Up to

45% of screened patients aged ≥ 50 years will have small polyps, and many

of these polyps will be detected at CTC. Referral of all patients with small

polyps for subsequent colonoscopy will have a negative impact on the cost-

effectiveness of CTC as a primary screening modality. It has been suggested

that these patients simply be followed by CTC at shorter intervals, without

referral for colonoscopic removal. This too will negatively impact on the cost-

effectiveness of CTC. In addition, this strategy will probably increase patient

risks for colon cancer and will expose patients to cumulative doses of ioniz-

ing radiation. This passive strategy may also prove unacceptable to patients

and their physicians, particularly in the absence of data regarding its safety.

CTC IN PATIENTS WITH AN INCOMPLETE COLONOSCOPY

Colonoscopy cannot be completed in approximately 5% of patients for

technical reasons, including bowel tortuosity or fixity, or because of a stenos-

ing lesion. Although a barium enema is typically obtained to complete visu-

alization of the proximal colon in these patients, it is known that the

sensitivity of double-contrast barium enema (DCBE) for the detection of

polyps is poor, with a detection rate of only 44% for polyps >10 mm.8

CTC appears superior to a barium enema for polyp detection. In a large

study of 837 asymptomatic persons at above-average risk for colorectal can-

cer, CTC readers detected 56% to 79% of polyps ≥ 10 mm in diameter,

compared with the detection of only 39% to 56% of these polyps when

using DCBE.9

Superior results with CTC were confirmed by Rockey et al7 in a further large

(n = 614) multicenter study,7 where CTC detected significantly higher num-

bers of polyps than DCBE for both medium-size (6-9 mm) lesions (47%

vs. 30%) and large (≥10 mm) lesions (53% vs. 45%). In addition, CTC is

better tolerated than DCBE.10 CTC, therefore, would appear to be the

preferable imaging modality in patients with an incomplete colonoscopy,

where visualization of the proximal colon is desirable.

EXTRACOLONIC FINDINGS

A further possible advantage of CTC is its concurrent ability to image and

detect additional unsuspected abnormalities in extracolonic abdominal tissues.

Extracolonic abnormalities considered highly significant have been found in

10% to 23% of subjects imaged, moderately significant in 27% to 52%, and

with abnormalities of low significance occurring in up to 50% of imaged

patients.11,12 However, these detected extracolonic abnormalities will require

further physician consultations and diagnostic testing and will, therefore,

add to the incremental costs of the screening program. While lives will

undoubtedly be saved by the detection of additional unsuspected abdominal

pathology at CTC, many unnecessary diagnostic tests, including tests with

the potential for complications, will also be performed for what will eventu-

ally be determined to be medical unimportant findings. In addition, the

reading time and, hence, the costs of CTC will also increase if reading for

extracolonic findings is determined to be an essential part of the examina-

tion. Conversely, limiting the reading and the reporting to colonography

alone would raise ethical and legal issues.

COST-EFFECTIVENESS OF CTC

At current prices, standard colonoscopy appears to be more cost effective

than CTC. By using Markov modeling, screening by CTC was determined

to cost $24,586 per life-year saved, compared with $20,930 for colonoscopic

screening. Screening by colonoscopy was found to remain more cost effec-

tive, even assuming a sensitivity and a specificity for CTC of 100%. To

achieve cost-effectiveness similar to colonoscopy, CTC needed to have an

initial compliance rate of 15% to 20% better than colonoscopy or to cost

54% less.13

PATIENT PREFERENCE

It is unclear if patients find CTC preferable to colonoscopy. In the two

largest (n > 600) studies, subjects experienced similar levels of discomfort

with either procedure14 or expressed no preference for either procedure.6

Bowel preparation was perceived as the worst part of both procedures.

Developments in stool-tagging techniques, permitting “prepless” CTC,15,16

could result in patient preferences swinging in its favor.

Although colonoscopy is perceived as being more invasive than CTC, if

patients are told that they may have a 20% or greater chance of having a

polyp detected at CTC that will require repeat bowel preparation followed

by colonoscopy, then many might prefer to go directly to colonoscopy.

Similarly, if they are told that a small polyp may be noted at CTC, which

will then require surveillance over several years with repeated CTCs, then

direct colonoscopy would be more appealing to many. Colonoscopy offers

the clear advantage of one-stop diagnosis and therapy, obviating the pro-

tracted anxiety that might arise from having a “small” polyp, which is fol-

lowed without removal for years. Finally, newer colonoscopic construction

designs may obviate or diminish the discomfort associated with colonoscopy

and, hence, the need for sedation, while simultaneously minimizing

complication rates.



UPCOMING ADVANCES IN CTC

The more immediate advances will include increasing use of multidetector

row CT scanners, which will allow higher-resolution images with shorter

breath holds. Improvements in software will result in improved image

manipulation, allowing 3-dimensional retrograde as well as anterograde fly

throughs, which should improve the colonic surface area visualized and

improve sensitivity. Software improvements have recently allowed “digital

cleansing” of residual stool and colonic fluid that previously have been

opacified with oral contrast, allowing for increased diagnostic accuracy.5

Reader-associated perceptual errors may be minimized with the ongoing

development of software for computer-aided detection of lesions. Stool-

tagging techniques are likely to evolve and may eventually allow for “prep-

less” CTC.15,16
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