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Introduction

Since its introduction 20 years ago, CT colonography

(CTC), also referred to as virtual colonoscopy, has evolved

from an experimental research tool with relatively limited

clinical applications to a validated colorectal examination

[1–3]. For certain diagnostic indications, such as following

an incomplete optical colonoscopy (OC), CTC is now well

established throughout most of the developed world [4–8].

CTC for the purpose of asymptomatic screening, however,

is currently performed in only a handful of experienced

centers. The need for additional effective screening options

for colorectal cancer (CRC) is clear since this preventable

condition remains the second leading cause of cancer death

in the USA [9]. Although CTC is now poised for broader

implementation as a frontline screening tool, a number of

hurdles persist—none of which is likely insurmountable or

even related to its clinical performance profile [10, 11].

This update will review the relative advantages and dis-

advantages of CTC for population screening compared

with optical colonoscopy and emerging colorectal screen-

ing tests. Remaining barriers to widespread implementation

of CTC as primary screening tool will be discussed. In

general, the main focus herein will be on US-based popu-

lation screening.

Potential Advantages and Disadvantages Related

to Primary Screening with CTC

There are a number of key criteria to consider when

comparing colorectal screening tests, including diagnostic

performance, procedural risks, patient acceptability, and

cost-effectiveness [12, 13]. To be accepted, a new

screening test need not outperform existing strategies in all

or even any of these categories, so long as the overall

profile leads to effective screening that increases adher-

ence. Rather than evaluating an emerging screening test

such as CTC in a vacuum, it is useful to consider its rel-

ative advantages and disadvantages against OC and other

screening options. In the end, a menu of effective and

complementary screening options should result in an

overall increase in adherence rates. More importantly, the

increased use of preventive tests such as OC and CTC will

likely have the greatest impact on CRC incidence and

death rates [14].

Relative Advantages of CTC for Screening

Primary screening with CTC, reserving OC for therapy

(polypectomy), provides a number of potential advantages

over primary OC screening (Table 1). Some of these

aspects listed in Table 1 are briefly described in more detail

below.

Efficacy

The optimal target for both prevention and detection of

CRC is advanced neoplasia [15–18]. Perhaps above all, an

effective CRC screening test should demonstrate high

sensitivity for the critical target lesions, which primarily

include large adenomas and early cancers. Detection of
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sub-centimeter polyps and advanced cancers provides

much less benefit, as the former will rarely develop into

cancer and the latter is often beyond a curable stage [19,

20]. Early CTC experience with polyp-rich cohorts dem-

onstrated proof of concept in terms of lesion detection [21,

22]. Subsequent trials evaluating low-prevalence cohorts

brought the diagnostic performance of CTC into question

[23–25]. However, with advances such as the introduction

of robust 3D endoluminal evaluation and oral contrast

tagging [26, 27], CTC was shown to rival OC in terms of

detection of advanced neoplasia (Figs. 1, 2) [3]. Not only

were CTC and OC found to be comparable in terms of

sensitivity, but their complementary nature likely results in

fewer relevant missed lesions [28]. Subsequent CTC–OC

trials have provided further validation and generalizability

for lesion detection [1, 29–31]. A meta-analysis and sys-

tematic review showed an overall 96 % sensitivity for

CRC, which is even higher when oral contrast tagging is

applied (Fig. 2) [32]. This high sensitivity for cancer

detection is comparable to performance with OC screening

[2]. Due to the lack of physical constraints at CTC, there

may be a specific advantage over OC in terms of right-

sided cancer detection, which is a known drawback of the

more invasive screening test [32–34]. In routine clinical

practice, polyp prevalence rates and PPV (i.e., CTC–OC

concordance) can provide useful surrogate measures, as

sensitivity and specificity cannot be obtained. PPV or

CTC–OC concordance rates of [90 % have been reported

for all CTC-detected lesions 6 mm and larger [35–38].

Overall yield for advanced neoplasia at CTC screening has

been shown to be equivalent to primary OC screening,

despite the fact that \ 10 % of individuals undergo inva-

sive polypectomy [2].

Safety

CTC is a much less invasive test than OC, with little or no

risk of immediate or delayed complications. We have yet to

encounter a significant complication related to CTC

screening at our center, which dates back to 2004. The risk

of colonic perforation, perhaps the most feared

complication at OC, approaches zero for CTC screening

when low-pressure automated CO2 delivery is applied [39].

Other complications related to primary OC, such as

bleeding, cardiovascular events, and even death, are also

avoided [40–46].

Convenience

The lack of IV sedation and pain medication make CTC a

needle-free endeavor that is not only safer, but also avoids

the need for recovery time. Individuals undergoing CTC

screening can also drive themselves home (or elsewhere)

immediately after the examination, avoiding the need for a

second driver. In fact, given the short duration of the CTC

examination and absence of recovery time, there is no need

to miss a day of work, unless therapeutic OC for poly-

pectomy is needed (\10 % of cases). For cases where only

left-sided polyps are detected at CTC screening, polypec-

tomy could be more safely performed with sigmoidoscopy

over full colonoscopy—with cost savings as well [47].

Acceptability

All of the aforementioned reasons of test performance,

safety, and convenience likely contribute to the fact that

CTC has been preferred by ‘‘patients’’ (i.e., asymptomatic

adults over 50) over OC in virtually all head-to-head

comparison between the two screening tests [48, 49].

Among individuals who had experienced both CTC and

colonoscopy, Moawad et al. [48] found that 95 % preferred

CTC. A larger multicenter study by Pooler et al. [49]

surveying 1,400 adults who underwent CTC screening

found a very high satisfaction rate, with over 90 % scoring

their experience as ‘‘excellent’’ or ‘‘good.’’ Over 90 % also

indicated that they would choose CTC again for their next

screening. Among individuals who had experienced both

CTC and colonoscopy, CTC was favored by a nearly 6:1

ratio. This clear preference is even more impressive when

considering the fact that most individuals are heavily

sedated for colonoscopy and may not recall the procedure

itself. Beyond the lack of needles, medications, and inva-

siveness, some folks value the ability to maintain control

with CTC, even if that means feeling the transient

cramping associated with colonic distention. The common

use of CO2 for distention over room air at CTC likely

contributes to an improved experience, as its rapid

resorption greatly minimizes post-procedural discomfort

compared with room air [50]. In general, the low-volume

bowel preparations commonly employed for CTC are

much better tolerated than the large-volume PEG lavage

still commonly in use by our gastroenterologists for OC

[51, 52]. Furthermore, by working closely with our GI

endoscopists, we can offer same-day polypectomy for

Table 1 Positive aspects of screening with CTC

Equivalent to OC for detection of advanced neoplasia

Less invasive than OC

No need for IV sedation, pain medication, or recovery time

Preferred by most screening individuals over OC

Increases overall screening adherence (complementary with OC)

Provides for extracolonic evaluation and screening

More cost-effective than OC screening

Intentionally ignores isolated diminutive lesions
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Fig. 1 Detection of advanced

neoplasia at CTC screening with

same-day polypectomy in

asymptomatic 67-year-old man.

3D colon map from CTC

(a) shows two red dots that

pinpoint the location of two

sigmoid polyps. Note associated

diverticular disease. 3D

endoluminal (b) and

confirmatory 2D transverse

(c) CTC images show a large

1.6-cm pedunculated polyp

(arrow), corresponding to the

more proximal lesion.

Additional 3D (d) and 2D

(e) CTC images show a 9-mm

pedunculated polyp in the distal

sigmoid. The blue color on the

polyp is the result of computer-

aided detection (CAD). Both

lesions were removed at same-

day colonoscopy, avoiding the

need for a second bowel prep.

The larger polyp proved to be a

tubulovillous adenoma

(advanced lesion), whereas the

smaller polyp was a tubular

adenoma
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relevant CTC-detected lesions, ensuring that only a single

low-volume bowel preparation is required [51–53]. This

‘‘one-stop shop’’ approach of same-day polypectomy fol-

lowing positive CTC is very patient friendly but requires

collaboration between radiology and gastroenterology.

However, we have demonstrated over the past decade that

this model is readily achievable [2, 49, 52–54].

Adherence

For a new or additional CRC screening test to have a truly

positive impact on CRC mortality, it must not only be safe

and clinically effective, but also increase overall adherence

to screening. All positive attributes of any given screening

test are lost if individuals are unwilling to submit to it. There

is now evidence that the general preference for CTC

described above could translate into increased adherence by

pulling OC-reluctant individuals off of the screening

‘‘sidelines.’’ Moawad et al. [48] found that over one-third of

individuals undergoing CTC screening said they would have

foregone colorectal cancer screening if CTC had not been an

available option. Similarly, Pooler et al. [49] reported that at

least 30 % of CTC screeners likely would not have under-

gone screening if CTC were not an option. Cash et al. [55]

showed that CTC screening at US military treatment facili-

ties could significantly improve HEDIS measures, with an

overall increase in CRC screening rates by over 15 % by

adding CTC to the screening options. Over the past decade,

CTC has accounted for approximately 10 % of overall CRC

screening at our center [56, 57]. Finally, a well-designed

randomized controlled trial by Stoop et al. [58, 59] showed

that offering CTC for screening increased participation 55 %

over invitation for OC screening. Such an increase in

screening adherence could have enormous implications in

terms of reducing CRC mortality.

Extracolonic Screening

Unlike OC, which is a luminal test that only visualizes the

colonic mucosa, CTC is a cross-sectional imaging study that

can evaluate the entire abdomen and pelvis. As such, CTC

can provide for screening opportunities beyond the large

Fig. 2 Asymptomatic colon cancer found at routine CTC screening.

Colon map (a) shows the location of the mass seen at 3D (b) and 2D

(c) CTC evaluation (arrows). The semi-annular morphology is

compatible with an asymptomatic cancer, which was proven by

biopsy at same-day colonoscopy (not shown)
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intestine, even though the study is performed with low-dose,

unenhanced technique [60, 61]. When handled appropri-

ately, this additional extracolonic data can greatly enhance

the value of CTC screening. In fact, when grouped together,

more unsuspected extracolonic cancers are detected at CTC

screening than at CRC (Fig. 3) [62]. Simultaneous screening

for abdominal aortic aneurysms (AAA) precludes the need

for an additional ultrasound examination, increasing both

efficiency and cost-effectiveness [63], especially in older

individuals [64]. Opportunistic osteoporosis screening is

another benefit of CTC screening that is gaining momentum

[65, 66]. Regardless of indication, abdominal CT can provide

robust evaluation of bone mineral density at no cost or

additional radiation [67, 68]. Other screening opportunities

include assessment for hepatic steatosis, visceral fat, meta-

bolic syndrome, and urolithiasis [69–72]. The CT colonog-

raphy reporting and data system (C-RADS) allows for

systematic categorization and follow-up of relevant ex-

tracolonic findings [73, 74]. In brief, E1 is normal/no ex-

tracolonic findings, E2 implies an insignificant finding, E3

implies an indeterminate finding that is likely unimportant

but may require an additional test, and E4 implies a clinically

significant finding [73, 74]. Another benefit of the global

abdominal assessment at CTC is that the lack of ominous

findings seen in the vast majority of screening individuals

can be very reassuring to a healthy adult. Potential draw-

backs related to extracolonic evaluation at CTC are dis-

cussed later on.

Cost-Effectiveness

Cost-effectiveness analysis (CEA) studies are important to

consider when discussing potential CRC screening options.

These CEA studies, however, involve simulation models

that are often complex and require careful review of the

specific model inputs to ensure valid results. From a

practical standpoint, it stands to reason that primary CTC

with selective polypectomy should be more cost-effective

than primary colonoscopy, as long as certain basic

assumptions are met. One key assumption that was missing

from the early CEA papers is that polypectomy should be

avoided for isolated diminutive lesions seen at CTC [75–

79]. The diagnostic performance of CTC should also reflect

current practice, and the input cost for CTC should be

considerably less costly than colonoscopy, especially given

the increasing use of advanced sedation methods at OC.

Ideally, extracolonic assessment should be factored in as

well [63]. In general, it is quite easy to demonstrate that

CTC is cost-effective compared with no screening [80], but

with realistic input assumptions, it can also be shown to be

more cost-effective than the more invasive endoscopic

strategies [63, 64, 76]. Most CEA studies comparing CTC

and OC assume equal adherence rates. However, given the

aforementioned evidence that CTC could substantially

increase participation in screening, nearly all CEA models

would likely favor CTC if this input were adjusted [12].

Beyond the typical Markov modeling, other decision anal-

yses have been applied to certain key aspects of CTC

screening, such as the management of small (6–9 mm)

polyps [81, 82].

Potential Drawbacks with CTC Screening

There are a number of perceived disadvantages to CTC

screening that merit discussion (Table 2). Upon closer

inspection, many of these potential drawbacks prove to be more

areas of misunderstanding, or related to outdated information.

Radiation Exposure

The issue of exposure to ionizing radiation related to CT

imaging has captured mainstream attention in the lay press,

Fig. 3 Unsuspected extracolonic cancers identified at CTC screening

in three different individuals. a Bronchogenic adenocarcinoma at the

right lung base (arrow). b Non-Hodgkin’s lymphoma manifesting

with bulky retroperitoneal lymphadenopathy (arrows). c Peritoneal

implant (arrow) representing unsuspected metastatic disease from a

stage 1 endometrial cancer diagnosed previously

Dig Dis Sci (2015) 60:647–659 651
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as well as the medical literature [83]. Unfortunately, mis-

information has largely fueled irrational fear in terms of

actual risk assessment. In general, the very small theoret-

ical risk related to low-dose radiation exposure was derived

from very conservative (and likely incorrect) assump-

tions—namely, the ‘‘linear no threshold’’ model. What is

often lost in discussions surrounding low-dose exposures is

that below 50–100 mSv, the actual risk of a measurable

health effect is either too small to be observed or nonex-

istent, according to expert health physicists [84]. Sub-

stantial longitudinal experience exists for adult cohorts

exposed to low-level radiation, including radiation work-

ers, airline pilots, TB patients, atomic bomb survivors, and

high background radon levels. Despite this, there is no

definitive evidence of deleterious effects at low levels (on

the contrary, there is evidence to support a ‘‘hormesis’’

effect, which suggests a protective effect related to lower

radiation doses). For CTC screening, the issue of radiation

exposure holds even less relevance. CTC is already a rel-

atively low-dose CT examination, on the order of 5 mSv or

less [85, 86]. With the emergence of new iterative CT

reconstruction algorithms such as MBIR, effective doses

for CTC will likely be in the sub-mSv range [87, 88].

Because CTC is applied to older adults, the theoretical risk

of future harm is much less relevant. Furthermore, the

thorax is largely excluded, which carries a greater theo-

retical risk. In the end, the remote theoretical risk related to

radiation is dwarfed by the large measurable benefit related

to colorectal and extracolonic screening with CTC.

Incidental Findings

The benefits of extracolonic evaluation at CTC have been

discussed, but it is also important to consider its potential

negative impact. As with any CT scan, there is a chance

that an unsuspected finding is uncovered, generally termed

an ‘‘incidentaloma’’ [89]. Insignificant extracolonic find-

ings (i.e., category E2 in C-RADS), such as hepatic stea-

tosis, non-obstructing renal calculi benign-appearing renal

cysts, are commonly identified and should not lead to

further work-up [69, 70, 90]. However, inappropriate

recommendations on the part of an ‘‘overcalling’’ radiolo-

gist or ‘‘defensive medicine’’ on the part of the ordering

provider could generate unnecessary additional studies

[60]. Some extracolonic findings are truly indeterminate

(i.e., C-RADS E3 category) and, although likely of no real

clinical significance, may require further imaging evalua-

tion due to the non-diagnostic low-dose, non-contrast CTC

technique. The majority of these E3 category findings will

ultimately prove to be benign or insignificant, whereas

most E4 findings (2 % prevalence at CTC screening) will

prove to be relevant [73]. When handled responsibly, ex-

tracolonic evaluation at CTC screening should result in a

net benefit, especially if one takes advantage of opportu-

nistic screening as previously described.

Non-therapeutic

As with almost all screening tests used in medicine, CTC is

non-therapeutic. OC is a rare exception to this rule, and one

could question whether its degree of invasiveness and high

associated costs warrant its use for primary screening. Since

\5 % of a typical screening population will harbor

advanced neoplasia [17, 91], it would seem more logical to

reserve colonoscopy for therapy in those cases, especially

since CTC is equally effective for the detection of these

target lesions. However, for the stool-based screening tests,

the inability to detect most advanced adenomas means that

the key preventive component of CRC screening is largely

lost [92]. Another issue that frequently surfaces is the

availability of same-day polypectomy following detection

at CTC screening to avoid a second bowel preparation.

This practice pattern requires an ongoing collaboration

between Radiology and GI groups, but many such rela-

tionships already exist through same-day CTC following

incomplete colonoscopy. Furthermore, the actual strain on

the endoscopy schedule is mitigated by the fact that fewer

than 10 % of cases will require same-day polypectomy.

Detection of Flat Polyps

Flat (non-polypoid) colorectal lesions are a subset of ses-

sile polyps that have generated considerable attention in

recent years. Although some have previously used a defi-

nition of polyp height less than half its width [93], this

morphologic criterion is far too inclusive. For flat lesions

measuring up to 1–2 cm in width, an elevation of 3 mm or

less above the surrounding normal mucosa is a better

definition [94]. For larger ‘‘carpet lesions,’’ or superficially

spreading tumors that generally measure greater than 3 cm

across, maximal height will usually exceed 3 mm [95]. The

prevalence and clinical significance of flat colorectal

lesions have been a source of ongoing debate [96–98]. The

vast majority flat polyps fall into the category of

Table 2 Potential drawbacks with CTC screening

Radiation exposure

Extracolonic findings

Non-therapeutic test

Flat colorectal lesions

Diverticular disease

Handling of small and diminutive polyps

Generalizability to community-level practice

Variable availability of same-day polypectomy
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superficially elevated lesions, with a very small minority

being centrally depressed or truly flat [93, 98]. In general,

flat lesions are much less conspicuous than polypoid

lesions of a similar size at both OC and CTC; fortunately,

they are also less histologically aggressive as well [94, 97].

Nonetheless, CTC can detect flat lesions with reasonably

high sensitivity (80–90 %) when standard techniques of

oral contrast tagging and combined 2D/3D interpretation

are applied [94, 95, 99–101]. In particular, the tendency for

oral contrast to cling to the mucosal surface of flat lesions

greatly exaggerates their conspicuity at CTC, allowing for

detection [102, 103]. CTC accuracy for carpet lesions

appears to be quite high [95]. Increased awareness of right-

sided flat serrated lesions leads to higher detection rates at

both OC and CTC (Fig. 4) [102, 104, 105]. Although CTC

sensitivity for flat lesions is good, these lesions are more

likely to result in discordance, where a CTC-detected flat

lesion is not confirmed at subsequent OC [36, 106]. In our

experience, these discordant cases represent a fairly even

mix of CTC false positives and OC false negatives

(unpublished data).

Diverticular Disease

Sigmoid diverticular disease presents a singular challenge

to CTC interpretation, largely related to the luminal nar-

rowing that results [107]. Although CTC has certain

advantages in evaluating the right colon compared with

colonoscopy, the physical scope may have its own advan-

tages in the left colon. This complementary nature suggests

that an alternating screening regimen of CTC and flexible

sigmoidoscopy might be worth considering. Polyp detec-

tion within a diverticular segment at CTC, however, does

not appear to suffer when primary 3D evaluation is inclu-

ded [108]. In addition, the use of continuous, low-pressure

automated CO2 further improves sigmoid assessment [50].

Although confident distinction between sigmoid carcinoma

and chronic diverticular disease may prove challenging on

occasion at CTC, a number of key imaging findings have

been described to aid in their differentiation [107, 109].

Finally, grading the severity of diverticular disease at CTC

may have some prognostic utility [110]. For presurgical

planning, CTC can provide an exquisite roadmap for the

surgeon.

Diminutive and Small Polyps

Important differences exist in the detection rate and handling

of diminutive (B5 mm) and small (6–9 mm) polyps at OC

screening compared with the noninvasive approaches [100,

111]. Although all colorectal cancers presumably arise from

smaller benign polyps, this does not imply that polypectomy is

indicated for every benign sub-centimeter lesion. Because OC

screening doubles as a therapeutic test, the mindset of uni-

versal polypectomy has become entrenched. However, such

an aggressive management approach to small benign colo-

rectal lesions makes no sense when applying safer non-ther-

apeutic tests such as CTC, which provide a filter between

polyp detection and invasive therapy. More recent screening

data on the low prevalence rates of important histology in

small and diminutive lesions further support a non-aggressive

approach [112–114]. Although CTC can detect many dimin-

utive lesions, matching with OC can be problematic and is not

warranted given the limited clinical yield of polypectomy and

the associated costs and complications. Therefore, isolated

diminutive lesions (i.e., when no synchronous non-diminutive

polyps are detected) at CTC screening are intentionally

ignored, as patient management is not changed by their pre-

sence [52]. This practice has proven to be of benefit in terms of

both clinical outcomes and cost-effectiveness, as there has

been no evidence of interval cancer development at routine

5-year CTC screening and fewer endoscopic resources are

utilized [81, 82, 100, 111, 115].

Small (6–9 mm) colorectal polyps are intermediate in

both size and clinical relevance, making their management

Fig. 4 Large flat serrated polyp identified at screening CTC. 3D endoluminal CTC image (a) shows a relatively flat, large lobulated lesion that

was confirmed (b) and removed (c) at subsequent same-day colonoscopy. The lesion proved to be a serrated adenoma
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123



at CTC screening more controversial. The vast majority of

small polyps are benign [112, 114], but have nonetheless

progressed beyond the diminutive stage. CTC can detect

the majority of these lesions and in clinical practice is

associated with a PPV of approximately 90 % (Fig. 1) [3,

36]. Although most small polyps will never develop into

advanced adenomas and cancers, current clinical manage-

ment generally consists of polypectomy to reduce this risk.

We have found that in vivo CTC surveillance of small

polyps provides a useful biomarker for selectively identi-

fying the lesions of clinical significance through interval

growth [116]. In our experience, about 20 % of small

polyps demonstrate growth at surveillance CTC, whereas

50 % remain stable and 30 % regress [116].

Generalizability

One legitimate concern regarding the potential widespread

use of CTC is whether the results seen at centers of

excellence can be generalized to community-level practice.

Of course, similar quality issues apply to optical colonos-

copy as well. In fact, reported differences in polyp detec-

tion rates between gastroenterologists at screening OC

(tenfold or more) vary much more than that of radiologists

at screening CTC, where differences are less than twofold

[117, 118]. The use of both 3D and 2D views for polyp

detection at CTC can help ensure good performance over

2D detection alone [119]. With proper training, including

both didactic and hands-on experience, radiologists adept

at body CT interpretation can generally master CTC

without great difficulty [120]. Some motivated gast-

roenterologists would also likely be able to adequately

interpret CTC, although the training involved would be

onerous and impractical [121].

Comparison with Other Emerging Screening Tests

A variety of other emerging CRC screening tests, such as

fecal immunochemical tests for detection of blood, stool

DNA, serum markers, and capsule endoscopy, are

reviewed in other articles in the supplement. [Editors

note—See articles by Young et al., Ahlquist, Bresalier and

Eliakim and N Adler]. Nonetheless, these deserve brief

consideration herein in terms of how they compare with

CTC in terms of primary screening. Despite progressive

advances, emerging evidence suggests that stool DNA and

other stool-based screening strategies remain relatively

insensitive for advanced adenomas [122, 123], resulting in

a lack of cancer prevention that makes both optical and

virtual colonoscopy much more attractive. A high sensi-

tivity for cancer is important, but the relatively low spec-

ificity and the lack of substantial cancer prevention dampen

enthusiasm for stool DNA as a primary screening test. The

serum-based marker tests are considerably less mature than

the stool-based tests and are not yet ready for serious

consideration [124]. Wireless capsule endoscopy has had a

major clinical impact on small bowel evaluation and is now

being evaluated for colorectal polyp detection [125].

Beyond achieving adequate polyp detection rates, addi-

tional major challenges related to colorectal capsule

endoscopy include the need for vigorous bowel prepara-

tion, the delayed nature of interpretation (necessitating an

additional prep if positive), and the inconsistent transit time

through the large intestine. As such, CTC continues to be

the most promising of the emerging screening tools but

remains grossly underutilized at the time of this writing.

Remaining Barriers to Widespread Implementation

of CTC Screening

Considering that CTC appears to meet or exceed all the key

criteria for an acceptable CRC screening test, including a

number of distinct advantages over OC for primary screen-

ing, the absence of widespread implementation in the USA

may be a bit surprising at first. However, upon more careful

inspection of the current situation, there are a number of key

barriers to implementation that persist (Table 3).

The single greatest impediment to CTC screening is the

lack of broad coverage from third-party payers, especially

from by the Centers for Medicare and Medicaid Services

(CMS) for Medicare beneficiaries [126]. President Obama

opted for CTC screening for his routine physical examina-

tion in 2010, despite the fact that this screening test is not

covered for Medicare beneficiaries. Early reimbursement for

CTC screening by the locally owned managed care organi-

zations back in 2004 allowed for our CTC screening program

to develop [53, 54]. Without a critical mass of covered

patients, a new screening test such as CTC has little chance of

gaining a foothold against existing tests that are covered by

health insurance plans. From a national perspective, inclu-

sion of CTC as a preferred preventive screening test in the

revised 2008 guidelines from the American Cancer Society

(in conjunction with the major GI societies and the American

College of Radiology) offered great promise [14, 127].

However, the US Preventive Services Task Force (USPSTF)

soon followed in 2008 with an ‘‘I’’ rating, indicating

‘‘insufficient evidence’’ to support CTC screening [128]. The

Table 3 Barriers to implementation of CTC screening

Lack of broad coverage from CMS and other third-party payers

Lack of overt support from the gastroenterology community

Lack of early adoption by primary care providers

Inertia within the radiology community

654 Dig Dis Sci (2015) 60:647–659

123



USPSTF report highlighted three areas of uncertainty with

regard to CTC screening: extracolonic findings, radiation

exposure, and performance at the community level, all of

which are addressed above. In May 2009, CMS followed the

lead of the USPSTF by keeping CTC screening non-covered

for Medicare beneficiaries in its updated national coverage

determination.

Going forward, the following sequence of events is

likely necessary to establish a realistic pathway for wide-

spread implementation of CTC screening in the USA. An

‘‘A’’ or ‘‘B’’ grade from the USPSTF from its ongoing re-

assessment of CTC screening would effectively result in a

reversal of the previous negative coverage determination

by CMS, as mandated by the Affordable Care Act of 2010.

The recent endorsement of CTC screening by the FDA

Medical Devices Advisory Committee that convened in

September 2013 might have a positive influence on these

deliberations. An alternate but unlikely pathway to Medi-

care coverage for CTC screening would be passage of the

bills currently sitting in the US Senate and House of

Representatives, which was actually the path taken by

optical colonoscopy over a decade ago. Regardless of the

precise route, Medicare coverage would then presumably

give rise to widespread coverage of CTC screening through

other third-party payers that generally follow CMS. After

all, it is the younger screening cohort in the 50–64 year age

range that would likely benefit most from access to pre-

ventive CTC. In reality, a number of national plans now

cover CTC screening, but these decisions generally fall

under the radar compared with CMS.

Barriers to implementation at the provider level are

threefold and include (1) a lack of overt support from the

gastroenterology community, (2) lack of early adoption by

primary care providers, and (3) inertia within the radiology

community itself. As long as screening colonoscopy con-

tinues to account for the major source of income for gast-

roenterologists, the resulting protection of ‘‘turf’’ may

continue to be insurmountable for CTC in the near term.

However, there is a growing awareness of the exorbitant cost

of primary colonoscopy screening among policy makers,

insurers, and the public at large [129]. Furthermore, in the

midst of US healthcare reform that seeks to improve effi-

ciency and cost-effectiveness, a test that simultaneously

screens for colorectal cancer, other cancers, abdominal

aortic aneurysm, and osteoporosis, among other things,

should be quite appealing [62, 63, 66]. At our own medical

center, the overall volume of optical colonoscopy has sig-

nificantly increased since the introduction of a parallel CTC

screening program, allaying any fears of a turf battle [56, 57].

Issues related to lack of early adoption by primary care

providers are complex [130] and are the focus of an active

NIH R01 grant at our institution. Finally, without a ‘‘cham-

pion’’ from within each local radiology practice, CTC will

have a difficult uphill battle in getting established in practice.

A general reluctance by many radiologists to get actively

involved in CTC screening is due in part to the current lack of

coverage, but other factors likely contribute, such as mis-

perceptions related to interpretation. As with optical colon-

oscopy, capacity for CTC could also become an issue if the

demand rapidly increased [131].

Summary

In conclusion, CTC matches or exceeds optical colonoscopy

in terms of the key criteria for a colorectal screening test, yet

it remains vastly underutilized, largely due to lack of cov-

erage by CMS and other payers. CTC is equivalent to

colonoscopy for the screen detection of advanced adenomas,

whereas the noninvasive stool-based tests largely lack this

preventive benefit. CTC is considerably safer than colonos-

copy as a primary colorectal screening test and would result

in fewer hospitalizations and urgent surgical repairs. CTC is

generally preferred over colonoscopy by individuals under-

going screening, which is an important factor for adherence.

CTC is likely more cost-effective than optical colonoscopy

for primary colorectal cancer screening, particularly if sub-

centimeter polyps are not aggressively managed. The re-

assessment of CTC screening by the USPSTF will be critical

for a subsequent favorable national coverage determination

by CMS. Once CTC screening is covered for Medicare

beneficiaries, other third-party payers would presumably

follow suit for the key 50- to 64-year-old demographic. At

that point, CTC will be ‘‘ready for prime time.’’

Acknowledgments Perry J. Pickhardt received Grant support from

NIH 1R01CA144835, 1R01CA155347.

Conflict of interest Dr. Pickhardt has or recently has had a financial

interest and/or other relationship with VirtuoCTC, Viatronix, Brain-

tree, Midways, and Cellectar Biosciences.

References

1. Johnson CD, Chen MH, Toledano AY, et al. Accuracy of CT

colonography for detection of large adenomas and cancers. N

Engl J Med. 2008;359:1207–1217.

2. Kim DH, Pickhardt PJ, Taylor AJ, et al. CT colonography versus

colonoscopy for the detection of advanced neoplasia. N Engl J

Med. 2007;357:1403–1412.

3. Pickhardt PJ, Choi JR, Hwang I, et al. Computed tomographic

virtual colonoscopy to screen for colorectal neoplasia in

asymptomatic adults. N Engl J Med. 2003;349:2191–2200.

4. Hanson ME, Pickhardt PJ, Kim DH, Pfau PR. Anatomic factors

predictive of incomplete colonoscopy based on findings at CT

colonography. AJR Am J Roentgenol. 2007;189:774–779.

5. Macari M, Berman P, Dicker M, Milano A, Megibow AJ.

Usefulness of CT colonography in patients with incomplete

colonoscopy. Am J Roentgenol. 1999;173:561–564.

Dig Dis Sci (2015) 60:647–659 655

123



6. Morrin MM, Kruskal JB, Farrell RJ, Goldberg SN, McGee JB,

Raptopoulos V. Endoluminal CT colonography after an

incomplete endoscopic colonoscopy. Am J Roentgenol. 1999;

172:913–918.

7. Yucel C, Lev-Toaff AS, Moussa N, Durrani H. CT colonogra-

phy for incomplete or contraindicated optical colonoscopy in

older patients. Am J Roentgenol. 2008;190:145–150.

8. Copel L, Sosna J, Kruskal JB, Raptopoulos V, Farrell RJ, Morrin

MM. CT colonography in 546 patients with incomplete colon-

oscopy. Radiology. 2007;244:471–478.

9. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. Ca-a

Cancer J Clin. 2013;63:11–30.

10. Pickhardt PJ. Computed tomography colonography: emerging

evidence to further support clinical effectiveness. Curr Opin

Gastroenterol. 2013;29:55–59.

11. Pickhardt PJ. CT colonography: time for clinical implementa-

tion. Nat Rev Clin Oncol. 2009;6:187–188.

12. Pickhardt PJ. CT colonography: does it satisfy the necessary

criteria for a colorectal screening test? Expert Rev Gastroenterol

Hepatol. 2014;8:211–213.

13. Rex DK. Is virtual colonoscopy ready for widespread applica-

tion? Gastroenterology. 2003;125:608–610.

14. Levin B, Lieberman DA, McFarland B, et al. Screening and

surveillance for the early detection of colorectal cancer and

adenomatous polyps, 2008: a joint guideline from the American

Cancer Society, the US Multi-Society Task Force on Colorectal

Cancer, and the American College of Radiology. CA Cancer J

Clin. 2008;58:130–160.

15. Kim DH, Pickhardt PJ. CT colonography versus colonoscopy

for the detection of advanced neoplasia—reply. New Engl J

Med. 2008;358:90.

16. Kim DH, Pickhardt PJ, Taylor AJ. Characteristics of advanced

adenomas detected at CT colonographic screening: implications

for appropriate polyp size thresholds for polypectomy versus

surveillance. Am J Roentgenol. 2007;188:940–944.

17. Pickhardt PJ, Kim DH. Colorectal cancer screening with CT

colonography: key concepts regarding polyp prevalence, size,

histology, morphology, and natural history. Am J Roentgenol.

2009;193:40–46.

18. Winawer SJ, Zauber AG. The advanced adenoma as the primary

target of screening. Gastrointest Endosc Clin N Am

2002;12:1–9, v.

19. Pickhardt PJ, Kim DH, Pooler BD, et al. Assessment of volu-

metric growth rates of small colorectal polyps with CT colo-

nography: a longitudinal study of natural history. Lancet Oncol.

2013;14:711–720.

20. O’Connell JB, Maggard MA, Ko CY. Colon cancer survival

rates with the new American Joint Committee on cancer sixth

edition staging. J Natl Cancer Inst. 2004;96:1420–1425.

21. Fenlon HM, Nunes DP, Schroy PC, Barish MA, Clarke PD,

Ferrucci JT. A comparison of virtual and conventional colon-

oscopy for the detection of colorectal polyps. N Engl J Med.

1999;341:1496–1503.

22. Yee J, Akerkar GA, Hung RK, Steinauer-Gebauer AM, Wall

SD, McQuaid KR. Colorectal neoplasia: performance charac-

teristics of CT colonography for detection in 300 patients.

Radiology. 2001;219:685–692.

23. Cotton PB, Durkalski VL, Benoit PC, et al. Computed tomo-

graphic colonography (virtual colonoscopy)—a multicenter

comparison with standard colonoscopy for detection of colo-

rectal neoplasia. J Am Med Assoc. 2004;291:1713–1719.

24. Johnson CD, Harmsen WS, Wilson LA, et al. Prospective

blinded evaluation of computed tomographic colonography for

screen detection of colorectal polyps. Gastroenterology.

2003;125:311–319.

25. Rockey DC, Poulson E, Niedzwiecki D, et al. Analysis of air con-

trast barium enema, computed tomographic colonography, and

colonoscopy: prospective comparison. Lancet. 2005;365:305–311.

26. Pickhardt PJ. Three-dimensional endoluminal CT colonography

(virtual colonoscopy): comparison of three commercially

available systems. Am J Roentgenol. 2003;181:1599–1606.

27. Pickhardt PJ, Choi JHR. Electronic cleansing and stool tagging

in CT colonography: advantages and pitfalls with primary three-

dimensional evaluation. Am J Roentgenol. 2003;181:799–805.

28. Pickhardt PJ, Nugent PA, Mysliwiec PA, Choi JR, Schindler

WR. Location of adenomas missed by optical colonoscopy. Ann

Intern Med. 2004;141:352–359.

29. Atkin W, Dadswell E, Wooldrage K, et al. Computed tomo-

graphic colonography versus colonoscopy for investigation of

patients with symptoms suggestive of colorectal cancer (SIG-

GAR): a multicentre randomised trial. Lancet. 2013;381(9873):

1194–1202.

30. Graser A, Stieber P, Nagel D, et al. Comparison of CT colo-

nography, colonoscopy, sigmoidoscopy and faecal occult blood

tests for the detection of advanced adenoma in an average risk

population. Gut. 2009;58:241–248.

31. Kawamura YJ, Okada S, Sasaki J, Tajima N, Tanaka O, Konishi

F. Diagnostic accuracy of CT colonography and optical colon-

oscopy evaluated using surgically resected specimens. Abdom

Imaging. 2010;35:584–588.

32. Pickhardt PJ, Hassan C, Halligan S, Marmo R. Colorectal can-

cer: CT colonography and colonoscopy for detection—system-

atic review and meta-analysis. Radiology. 2011;259:393–405.

33. Baxter NN, Goldwasser MA, Paszat LF, Saskin R, Urbach DR,

Rabeneck L. Association of Colonoscopy and Death From

Colorectal Cancer. Ann Int Med. 2009;150:1-W.

34. Pickhardt PJ, Taylor AJ, Gopal DV. Surface visualization at 3D

endoluminal CT colonography: degree of coverage and impli-

cations for polyp detection. Gastroenterology. 2006;130:

1582–1587.

35. Iafrate F, Hassan C, Ciolina M, et al. High positive predictive

value of CT colonography in a referral centre. Eur J Radiol.

2011;80:E289–E292.

36. Pickhardt PJ, Wise SM, Kim DH. Positive predictive value for

polyps detected at screening CT colonography. Eur Radiol.

2010;20:1651–1656.

37. Zueco Zueco C, Sobrido Sampedro C, Corroto JD, Rodriguez

Fernandez P, Fontanillo Fontanillo M. CT colonography without

cathartic preparation: positive predictive value and patient

experience in clinical practice. Eur Radiol. 2012;22:1195–1204.

38. Lung PF, Burling D, Kallarackel L, et al. Implementation of a

new CT colonography service: 5 year experience. Clin Radiol.

2014;69:597–605.

39. Pickhardt PJ. Incidence of colonic perforation at CT colonog-

raphy: review of existing data and implications for screening of

asymptomatic adults. Radiology. 2006;239:313–316.

40. Gatto NM, Frucht H, Sundararajan V, Jacobson JS, Grann VR,

Neugut AI. Risk of perforation after colonoscopy and sig-

moidoscopy: a population-based study. J Natl Cancer Inst.

2003;95:230–236.

41. Iqbal CW, Cullinane DC, Schiller HJ, Sawyer MD, Zietlow SP,

Farley DR. Surgical management and outcomes of 165 col-

onoscopic perforations from a single institution. Arch Surg.

2008;143:701–706.

42. Levin TR, Zhao W, Conell C, et al. Complications of colonos-

copy in an integrated health care delivery system. Ann Intern

Med. 2006;145:880–886.

43. Rabeneck L, Paszat LF, Hilsden RJ, et al. Bleeding and perfo-

ration after outpatient colonoscopy and their risk factors in usual

clinical practice. Gastroenterology. 2008;135:1899–1906.

656 Dig Dis Sci (2015) 60:647–659

123



44. Kim DH, Pickhardt PJ, Taylor AJ, Menias CO. Imaging eval-

uation of complications at optical colonoscopy. Curr Probl

Diagn Radiol. 2008;37:165–177.

45. Sharma VK, Nguyen CC, Crowell MD, Lieberman DA, de

Garmo P, Fleischer DE. A national study of cardiopulmonary

unplanned events after GI endoscopy. Gastrointest Endosc.

2007;66:27–34.

46. Fishback SJ, Pickhardt PJ, Bhalla S, Menias CO, Congdon RG,

Macari M. Delayed presentation of splenic rupture following

colonoscopy: clinical and CT findings. Emerg Radiol. 2011;18:

539–544.

47. Pickhardt PJ, Durick NA, Pooler BD, Hassan C. Left-sided

polyps detected at screening CT colonography: do we need

complete optical colonoscopy for further evaluation? Radiology.

2011;259:429–434.

48. Moawad FJ, Maydonovitch CL, Cullen PA, Barlow DS, Jenson

DW, Cash BD. CT colonography may improve colorectal cancer

screening compliance. Am J Roentgenol. 2010;195:1118–1123.

49. Pooler BD, Baumel MJ, Cash BD, et al. Screening CT colo-

nography: multicenter survey of patient experience, preference,

and potential impact on adherence. Am J Roentgenol.

2012;198:1361–1366.

50. Shinners TJ, Pickhardt PJ, Taylor AJ, Jones DA, Olsen CH.

Patient-controlled room air insufflation versus automated carbon

dioxide delivery for CT colonography. Am J Roentgenol.

2006;186:1491–1496.

51. Lawrence E, Pickhardt P. Comparison of high-volume PEG

lavage with low-volume CT colonography bowel preparations

utilizing oral contrast at optical colonoscopy. Dis Colon Rectum.

2010;53(8):1176–1181.

52. Pickhardt PJ. Screening CT colonography: how I do it. AJR Am

J Roentgenol. 2007;189:290–298.

53. Pickhardt PJ, Taylor AJ, Kim DH, Reichelderfer M, Gopal DV,

Pfau PR. Screening for colorectal neoplasia with CT colonog-

raphy: initial experience from the 1st year of coverage by third-

party payers. Radiology. 2006;241:417–425.

54. Pickhardt PJ, Taylor AJ, Johnson GL, et al. Building a CT

colonography program: necessary ingredients for reimbursement

and clinical success. Radiology. 2005;235:17–20.

55. Cash BD, Stamps K, McFarland EG, Spiegel AR, Wade SW.

Clinical use of CT colonography for colorectal cancer screening

in military training facilities and potential impact on HEDIS

measures. J Am College Radiol. 2013;10:30–36.

56. Schwartz DC, Dasher KJ, Said A, et al. Impact of a CT colo-

nography screening program on endoscopic colonoscopy in

clinical practice. Am J Gastroenterol. 2008;103:346–351.

57. Benson M, Pier J, Kraft S, et al. Optical colonoscopy and virtual

colonoscopy numbers after initiation of a CT colonography pro-

gram: long term data. J Gastrointestin Liver Dis. 2012;21:391–395.

58. Pickhardt PJ. Randomized controlled trial evaluating participa-

tion and yield of colonoscopy versus CT colonography screen-

ing. Expert Rev Med Devices. 2012;9:107–110.

59. Stoop EM, de Haan MC, de Wijkerslooth TR, et al. Participation

and yield of colonoscopy versus non-cathartic CT colonography

in population-based screening for colorectal cancer: a random-

ised controlled trial. Lancet Oncol. 2012;13:55–64.

60. Pickhardt PJ, Hanson ME, Vanness DJ, et al. Unsuspected ex-

tracolonic findings at screening CT colonography: clinical and

economic impact. Radiology. 2008;249:151–159.

61. Pickhardt PJ, Taylor AJ. Extracolonic findings identified in

asymptomatic adults at screening CT colonography. Am J

Roentgenol. 2006;186:718–728.

62. Pickhardt PJ, Kim DH, Meiners RJ, et al. Colorectal and ex-

tracolonic cancers detected at screening CT colonography in

10,286 asymptomatic adults. Radiology. 2010;255:83–88.

63. Hassan C, Pickhardt P, Laghi A, et al. Computed tomographic

colonography to screen for colorectal cancer, extracolonic can-

cer, and aortic aneurysm. Arch Intern Med. 2008;168:696–705.

64. Pickhardt PJ, Hassan C, Laghi A, Kim DH. CT colonography to

screen for colorectal cancer and aortic aneurysm in the medicare

population: cost-effectiveness analysis. Am J Roentgenol.

2009;192:1332–1340.

65. Summers RM, Baecher N, Yao J, et al. Feasibility of simulta-

neous computed tomographic colonography and fully automated

bone mineral densitometry in a single examination. J Comput

Assist Tomogr. 2011;35:212–216.

66. Pickhardt PJ, Lee LJ, del Rio AM, et al. Simultaneous screening

for osteoporosis at CT colonography: bone mineral density

assessment using MDCT attenuation techniques compared with

the DXA reference standard. J Bone Miner Res. 2011;26:

2194–2203.

67. Carberry GA, Pooler BD, Binkley N, Lauder TB, Bruce RJ,

Pickhardt PJ. Unreported vertebral body compression fractures

at abdominal multidetector CT. Radiology. 2013;268:120–126.

68. Pickhardt PJ, Pooler BD, Lauder T, del Rio AM, Bruce RJ,

Binkley N. Opportunistic screening for osteoporosis using

abdominal computed tomography scans obtained for other

indications. Ann Intern Med. 2013;158:588?.

69. Boyce CJ, Pickhardt PJ, Kim DH, et al. Hepatic steatosis (fatty

liver disease) in asymptomatic adults identified by unenhanced

low-dose CT. AJR Am J Roentgenol. 2010;194:623–628.

70. Boyce CJ, Pickhardt PJ, Lawrence EM, Kim DH, Bruce RJ.

Prevalence of urolithiasis in asymptomatic adults: objective

determination using low dose noncontrast computerized

tomography. J Urol. 2010;183:1017–1021.

71. Pickhardt PJ, Hanson ME. Incidental adnexal masses detected at

low-dose unenhanced CT in asymptomatic women age 50 and

older : implications for clinical management and ovarian cancer

screening. Radiology. 2010;257:144–150.

72. Pickhardt PJ, Jee Y, O’Connor SD, Munoz del Rio A. Visceral

adiposity and hepatic steatosis at abdominal CT: association

with the metabolic syndrome. Am J Roentgenol. 2012;198:

1100–1107.

73. Pooler BD, Kim DH, Lam VP, Burnside ES, Pickhardt PJ. CT

colonography reporting and data system (C-RADS): benchmark

values from a clinical screening program. AJR Am J Roentgenol.

2014;202:1232–1237.

74. Zalis ME, Barish MA, Choi JR, et al. CT colonography

reporting and data system: a consensus proposal. Radiology.

2005;236:3–9.

75. Hassan C, Pickhardt PJ, Pickhardt PJ, Kim DH. Cost-effec-

tiveness of CT colonography CT colonography: pitfalls in

interpretation. Radiol Clin N Am. 2013;51:89–97.

76. Pickhardt PJ, Hassan C, Laghi A, Zullo A, Kim DH, Morini S.

Cost-effectiveness of colorectal cancer screening with computed

tomography colonography—the impact of not reporting dimin-

utive lesions. Cancer. 2007;109:2213–2221.

77. Sonnenberg A, Delco F, Bauerfeind P. Is virtual colonoscopy a

cost-effective option to screen for colorectal cancer? Am J

Gastroenterol. 1999;94:2268–2274.

78. Ladabaum U, Song K, Fendrick AM. Colorectal neoplasia

screening with virtual colonoscopy: when, at what cost, and with

what national impact? Clin Gastroenterol Hepatol. 2004;2:

554–563.

79. Heitman SJ, Manns BJ, Hilsden RJ, Fong A, Dean S, Romag-

nuolo J. Cost-effectiveness of computerized tomographic colo-

nography versus colonoscopy for colorectal cancer screening.

Can Med Assoc J. 2005;173:877–881.

80. Hassan C, Pickhardt PJ. Cost-effectiveness of CT colonography.

Radiol Clin North Am. 2013;51:89–97.

Dig Dis Sci (2015) 60:647–659 657

123



81. Pickhardt PJ, Hassan C, Laghi A, et al. Small and diminutive

polyps detected at screening CT colonography: a decision ana-

lysis for referral to colonoscopy. Am J Roentgenol. 2008;190:

136–144.

82. Pickhardt PJ, Hassan C, Laghi A, et al. Clinical management of

small (6- to 9-mm) polyps detected at screening CT colonog-

raphy: a cost-effectiveness analysis. AJR Am J Roentgenol.

2008;191:1509–1516.

83. Brenner DJ, Hall EJ. Current concepts—computed tomogra-

phy—an increasing source of radiation exposure. N Engl J Med.

2007;357:2277–2284.

84. Radiation risk in perspective: position statement of the Health

Physics Society. Health Physics Society; 2010 Adopted January

1996, revised July 2010.

85. Liedenbaum MH, Venema HW, Stoker J. Radiation dose in CT

colonography-trends in time and differences between daily prac-

tice and screening protocols. Eur Radiol. 2008;18:2222–2230.

86. Graser A, Wintersperger BJ, Suess C, Reiser MF, Becker CR.

Dose reduction and image quality in MDCT colonography using

tube current modulation. Am J Roentgenol. 2006;187:695–701.

87. Lubner MG, Pickhardt PJ, Tang J, Chen G-H. Reduced image

noise at low-dose multidetector CT of the abdomen with prior

image constrained compressed sensing algorithm. Radiology.

2011;260:248–256.

88. Pickhardt PJ, Lubner MG, Kim DH, et al. Abdominal CT with

model-based iterative reconstruction (MBIR): initial results of a

prospective trial comparing ultralow-dose with standard-dose

imaging. AJR Am J Roentgenol. 2012;199:1266–1274.

89. Berland LL, Silverman SG, Gore RM, et al. Managing inci-

dental findings on abdominal CT: white paper of the ACR

incidental findings committee. J Am Coll Radiol. 2010;7:

754–773.

90. O’Connor SD, Pickhardt PJ, Kim DH, Oliva MR, Silverman SG.

Incidental finding of renal masses at unenhanced CT: prevalence

and analysis of features for guiding management. Am J Roent-

genol. 2011;197:139–145.

91. Hassan C, Pickhardt PJ, Kim DH, et al. Systematic review:

distribution of advanced neoplasia according to polyp size at

screening colonoscopy. Aliment Pharmacol Ther. 2010;31:

210–217.

92. Levin B, Lieberman DA, McFarland B, et al. Screening and

surveillance for the early detection of colorectal cancer and

adenomatous polyps, 2008: a joint guideline from the American

Cancer Society, the US Multi-Society Task Force on Colorectal

Cancer, and the American College of Radiology. Gastroenter-

ology. 2008;134:1570–1595.

93. Soetikno RM, Kaltenbach T, Rouse RV, et al. Prevalence of

nonpolypoid (flat and depressed) colorectal neoplasms in

asymptomatic and symptomatic adults. J Am Med Assoc.

2008;299:1027–1035.

94. Pickhardt PJ, Kim DH, Robbins JB. Flat (Nonpolypoid) colo-

rectal lesions identified at CT colonography in a US screening

population. Acad Radiol. 2010;17:784–790.

95. Pickhardt PJ, Lam VP, Weiss JM, Kennedy GD, Kim DH.

Carpet lesions detected at CT colonography: clinical, imaging,

and pathologic features. Radiology. 2014;270:435–443.

96. Bond JH. Small flat adenomas appear to have little clinical impor-

tance in western countries. Gastrointest Endosc. 1995;42:184–187.

97. O’Brien MJ, Winawer SJ, Zauber AG, et al. Flat adenomas in

the National Polyp Study: is there increased risk for high-grade

dysplasia initially or during surveillance? Clin Gastroenterol

Hepatol. 2004;2:905–911.

98. Pickhardt PJ, Levin B, Bond JH. Screening for nonpolypoid

colorectal neoplasms. JAMA. 2008;299:2743; author reply-4.

99. Park SH, Kim SY, Lee SS, et al. Sensitivity of CT colonography

for nonpolypoid colorectal lesions interpreted by human readers

and with computer-aided detection. Am J Roentgenol.

2009;193:70–78.

100. Pickhardt PJ, Kim DH. Performance of CT colonography for

detecting small, diminutive, and flat polyps. Gastrointest Endosc

Clin N Am. 2010;20:209–226.

101. Pickhardt PJ, Nugent PA, Choi JR, Schindler WR. Flat colo-

rectal lesions in asymptomatic adults: implications for screening

with CT virtual colonoscopy. Am J Roentgenol. 2004;183:

1343–1347.

102. Kim DH, Hinshaw JL, Lubner MG, del Rio AM, Pooler BD,

Pickhardt PJ. Contrast coating for the surface of flat polyps at

CT colonography: a marker for detection. Eur Radiol. 2014;

24:940–946.

103. O’Connor SD, Summers RM, Choi JR, Pickhardt PJ. Oral

contrast adherence to polyps on CT colonography. J Comput

Assist Tomogr. 2006;30:51–57.

104. Kahi CJ, Hewett DG, Norton DL, Eckert GJ, Rex DK. Preva-

lence and variable detection of proximal colon serrated polyps

during screening colonoscopy. Clin Gastroenterol Hepatol.

2011;9:42–46.

105. O’Brien MJ. Hyperplastic and serrated polyps of the colorectum.

Gastroenterol Clin North Am. 2007;36:947–968.

106. Pickhardt PJ. Missed lesions at CT colonography: lessons

learned. Abdom Imaging. 2013;38:82–97.

107. Pickhardt PJ, Kim DH. CT Colonography: pitfalls in Interpre-

tation. Radiol Clin North Am. 2013;51:69–88.

108. Sanford MF, Pickhardt PJ. Diagnostic performance of primary

3-dimensional computed tomography colonography in the set-

ting of colonic diverticular disease. Clinical Gastroenterology

and Hepatology. 2006;4:1039–1047.

109. Gryspeerdt S, Lefere P. Chronic diverticulitis vs. colorectal

cancer: findings on CT colonography. Abdom Imaging.

2012;37:1101–1109.

110. Flor N, Rigamonti P, Pisani Ceretti A, et al. Diverticular disease

severity score based on CT colonography. Eur Radiol.

2013;23:2723–2729.

111. Kim DH, Pickhardt PJ. Colorectal cancer: managing diminutive

polyps-what is the optimal approach? Nat Rev Gastroenterol

Hepatol. 2011;8:129–131.

112. Lieberman D, Moravec M, Holub J, Michaels L, Eisen G. Polyp

size and advanced histology in patients undergoing colonoscopy

screening: implications for CT colonography. Gastroenterology.

2008.

113. Pickhardt PJ, Kim DH, Hassan C. Advanced neoplasia detection

rates at colonoscopy screening: implications for CT Colonog-

raphy. Gastroenterology. 2009;136:1121–1122.

114. Hain KS, Pickhardt PJ, Kim DH. Rate of important histology in

large and small polyps detected at CT colonography screening.

Annual Meeting for the Society of Gastrointestinal Radiologists;

2009.

115. Kim DH, Pooler BD, Weiss JM, Pickhardt PJ. Five year colo-

rectal cancer outcomes in a large negative CT colonography

screening cohort. Eur Radiol. 2012;22:1488–1494.

116. Pickhardt PJ. Strong evidence in support of CT colonography

screening. Lancet Oncol. 2012;13:6–7.

117. Barclay RL, Vicari JJ, Doughty AS, Johanson JF, Greenlaw RL.

Colonoscopic withdrawal times and adenoma detection during

screening colonoscopy. N Engl J Med. 2006;355:2533–2541.

118. Pooler BD, Kim DH, Hassan C, Rinaldi A, Burnside ES, Pickhardt

PJ. Variation in diagnostic performance among radiologists at

screening CT colonography. Radiology. 2013;268:127–134.

119. Pickhardt PJ, Lee AD, Taylor AJ, et al. Primary 2D versus

primary 3D polyp detection at screening CT colonography. Am J

Roentgenol. 2007;189:1451–1456.

120. Kim DH, Pickhardt PJ. Radiologists should read CT colonog-

raphy. Gastrointest Endosc Clin N Am. 2010;20:259–269.

658 Dig Dis Sci (2015) 60:647–659

123



121. Pickhardt PJ. Editorial: CTC interpretation by gastroenterolo-

gists: feasible but largely impractical, undesirable, and mis-

guided. Am J Gastroenterol. 2009;104:2932–2934.

122. Imperiale TF, Ransohoff DF, Itzkowitz SH, Turnbull BA, Ross

ME. Fecal DNA versus fecal occult blood for colorectal-cancer

screening in an average-risk population. N Engl J Med.

2004;351:2704–2714.

123. Imperiale TF, Ransohoff DF, Itzkowitz SH, et al. Multitarget

stool DNA testing for colorectal-cancer screening. N Engl J

Med. 2014;370:1287–1297.

124. Ahlquist DA, Taylor WR, Mahoney DW, et al. The stool DNA test

is more accurate than the plasma septin 9 test in detecting colo-

rectal neoplasia. Clin Gastroenterol Hepatol. 2012;10:272-U182.

125. Eliakim R, Fireman Z, Gralnek IM, et al. Evaluation of the

PillCam Colon capsule in the detection of colonic pathology:

results of the first multicenter, prospective, comparative study.

Endoscopy. 2006;38:963–970.

126. Yee J, Keysor KJ, Kim DH. The time has arrived for national

reimbursement of screening CT colonography. AJR Am J

Roentgenol. 2013;201:73–79.

127. McFarland EG, Levin B, Lieberman DA, et al. Revised colo-

rectal screening guidelines: joint effort of the American Cancer

Society, U.S. Multisociety Task Force on Colorectal Cancer, and

American College of Radiology. Radiology. 2008;248:717–720.

128. Screening for colorectal cancer. U.S. preventive services task

force recommendation statement. Ann Intern Med. 2008;149:

627–637.

129. Rosenthal E. The $2.7 trillion medical bill: colonoscopies

explain why US leads the World in Health Expenditures. The

New York Times 2013 June 1, 2013.

130. Weiss JM, Smith MA, Pickhardt PJ, et al. Predictors of colo-

rectal cancer screening variation among primary-care providers

and clinics. Am J Gastroenterol. 2013;108:1159–1167.

131. Pickhardt PJ, Hassan C, Laghi A, et al. Is there sufficient MDCT

capacity to provide colorectal cancer screening with CT colo-

nography for the US population? Am J Roentgenol. 2008;190:

1044–1049.

Dig Dis Sci (2015) 60:647–659 659

123


	CT Colonography for Population Screening: Ready for Prime Time?
	Introduction
	Potential Advantages and Disadvantages Related to Primary Screening with CTC
	Relative Advantages of CTC for Screening
	Efficacy
	Safety
	Convenience
	Acceptability
	Adherence
	Extracolonic Screening
	Cost-Effectiveness

	Potential Drawbacks with CTC Screening
	Radiation Exposure
	Incidental Findings
	Non-therapeutic
	Detection of Flat Polyps
	Diverticular Disease
	Diminutive and Small Polyps
	Generalizability

	Comparison with Other Emerging Screening Tests

	Remaining Barriers to Widespread Implementation of CTC Screening
	Summary
	Acknowledgments
	References


