
1232  AJR:202, June 2014

extracolonic findings at CTC and for classi-
fying patients for the purposes of guiding 
management following screening. However, 
to date, there has been no large-scale study 
published to serve as a reference for the dis-
tribution of C-RADS categorization within 
a clinical screening program. We describe a 
large series of nearly 7000 patients undergo-
ing first-time colorectal cancer screening with 
CTC at our single academic center who were 
prospectively categorized using C-RADS. 
Given the lack of large multicenter popula-
tion-based data in the literature, the purpose 
of this study is to provide initial benchmark 
values for C-RADS classification scores that 
may be used by other screening programs for 
the purpose of comparison and generation of 
quality assurance measures.

Subjects and Methods
This HIPAA-compliant study was approved 

by our institutional review board. The need for 
signed informed consent was waived.
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S
tandardized reporting systems 
for screening examinations pro-
mote quality and consistency in 
diagnostic performance and of-

fer a means for providing quality improve-
ment and enhanced patient care for clinical 
screening programs [1]. In addition, such 
systems facilitate reporting and communica-
tion of examination findings and allow ap-
propriate triage of patients after screening. 
This has been well illustrated by the use of 
BI-RADS for breast cancer screening, and 
extensive research has shown the benefits of 
this construct [2, 3]. In 2005, the CT Colo-
nography Reporting and Data System (C-
RADS) was established [4] to provide a 
means of classifying findings of CT colonog-
raphy (CTC) and of applying the advantages 
of structured reporting to the setting of 
colorectal cancer screening.

Since the initial publication of the C-RADS 
consensus proposal, C-RADS has become the 
standard for reporting of both colorectal and 
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OBJECTIVE. The CT Colonography Reporting and Data System (C-RADS) is a well-
recognized standard for reporting findings at CT colonography (CTC). However, few data on 
benchmark values for clinical performance have been published to date, especially for screen-
ing. The purpose of this study was to establish baseline C-RADS values for CTC screening.

SUBJECTS AND METHODS. From 2005 to 2011, 6769 asymptomatic adults (3110 
men and 3659 women) 50–79 years old (mean [± SD] age, 56.7 ± 6.1 years) were enrolled for 
first-time CTC screening at a single center. CTC results were prospectively classified accord-
ing to C-RADS for both colorectal and extracolonic findings. C-RADS classification rates 
and outcomes for positive patients were analyzed.

RESULTS. C-RADS classification rates for colorectal evaluation were C0 (0.7%), C1 (85.0%), 
C2 (8.6%), C3 (5.2%), and C4 (0.6%). Overall, 14.3% of subjects were positive (C2–C4), and pos-
itive findings were more frequent among men (17.5%) than women (11.6%; p < 0.0001). Positivity 
also increased with age, from 13.4% of patients 50–64 years old to 21.8% of patients 65–79 years 
old (p < 0.0001). Regarding extracolonic evaluation, 86.6% of patients were either negative for ex-
tracolonic findings or had unimportant extracolonic findings (E1 or E2). Likely unimportant but 
indeterminate extracolonic findings where further workup might be indicated (E3) were found in 
11.3% of patients, whereas 2.1% had likely important extracolonic findings (E4). Overall, E3 and 
E4 rates were increased for older (p < 0.0001) and female (p = 0.008) cohorts.

CONCLUSION. C-RADS results from our initial experience with CTC screening may 
serve as an initial benchmark for program comparison and quality assurance measures.

Pooler et al.
Benchmark C-RADS Values From a Clinical Screening Program
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Patient Population
From January 2005 through December 2011, 

we enrolled 7288 consecutive individuals referred 
from general medical practice for first-time CTC 
examination for the purpose of colorectal can-
cer screening. To obtain a typical screening pop-
ulation without a significantly increased risk for 
colorectal cancer, we excluded patients with a his-
tory of colorectal cancer, inflammatory bowel dis-
ease, polyposis syndromes, and colorectal sur-
gery, as well as patients referred from incomplete 
optical colonoscopy or with suspicion of symp-
tomatic colorectal cancer. A total of 6769 asymp-
tomatic patients met inclusion criteria and com-
posed the screening CTC cohort.

CT Colonography Technique
The CTC technique used in our screening pro-

gram has been described in detail elsewhere [5–
8]. Briefly, patients undergo a bowel preparation 
protocol beginning 1 day before CTC consisting 
of complete colonic catharsis and tagging of re-
sidual material. The cathartic cleansing agent was 
sodium phosphate before 2008 and magnesium 
citrate thereafter; polyethylene glycol was sub-
stituted as needed in a minority of patients. Con-
trast material tagging of residual fluid and fecal 
material was achieved with 2.1% weight/volume 
barium and diatrizoate meglumine (Gastrogra-
fin, Bracco Diagnostics). During the CTC ex-
amination, colonic insufflation was achieved and 
maintained throughout image acquisition using 
automated continuous carbon dioxide delivered 
through a rectal catheter [9]. Patients were rou-

tinely scanned in both supine and prone positions, 
with decubitus positioning as needed [10]. Imag-
es were acquired with 8- to 64-MDCT scanners 
using 1.25-mm collimation, 1-mm reconstruction 
interval, 120 kVp, and either a fixed tube current–
time product (50–75 mAs) or tube-current modu-
lation (range, 30–300 mA).

C-RADS
All screening CTC examinations were interpret-

ed by a board-certified radiologist within our ab-
dominal imaging section. All examinations were 
prospectively classified using C-RADS for both 
colorectal and extracolonic findings. The specif-
ic criteria for the various colorectal (“C”) and ex-
tracolonic (“E”) categories are listed in Table 1. 
If there were multiple lesions (either colorectal or 
extracolonic), the examination was scored by the 
most advanced finding. In our practice, slight mod-
ifications from the original C-RADS document 
were made. There were no CTC examinations in 
our study awaiting prior comparison; thus, in our 
experience, C0 represents a true nondiagnostic ex-
amination. In a similar fashion, all examinations 
for which polyps 6 mm or larger could not be ex-
cluded were considered technically inadequate and 
were coded as C0; thus, all examinations coded as 
C2 were positive for nondiminutive polyps.

Individual polyps were identified using a com-
bination of 3D reconstructions and 2D cross-sec-
tional images; 3D renderings were used primarily 
for polyp detection (supplemented by 2D detec-
tion), and 2D images were used for confirmation 
in all cases [6, 11]. The maximum linear diameter 

(excluding the stalk, if pedunculated) of each polyp 
was measured in both 3D and 2D projections us-
ing electronic calipers [12]. The morphologic fea-
tures (sessile, pedunculated, flat, mass, or submu-
cosal or extrinsic) and segmental location (rectum, 
sigmoid, descending, transverse, ascending, or ce-
cum) of each polyp were determined and recorded. 
Of note, the submucosal or extrinsic category is not 
explicitly described in the original C-RADS pub-
lication, but we have found this useful to describe 
some lesions. Furthermore, we categorize likely 
diverticular strictures with a masslike appearance 
as a benign C4 subcategory, because no C-RADS 
classification yet exists. For each polyp, a diagnos-
tic confidence score of 1 (least confident) to 3 (most 
confident) was also recorded, as described in the 
text of the C-RADS publication [4] and elsewhere 
[13, 14]. For evaluation of extracolonic findings, 
5 × 3-mm axial reconstructions of the supine series 
were primarily used, supplemented by the prone 
images as needed. The results of colonoscopy and 
polypectomy, as well as the final histologic result at 
pathologic analysis, were recorded for all patients 
undergoing polypectomy.

Criteria for colorectal classification by C-RADS 
are summarized in Table 1. Positive cases were 
defined as patients with a C-RADS score of C2 
through C4. In accordance with C-RADS, patients 
with a score of C3 or C4 were referred for colonosco-
py with polypectomy, whereas patients with a score 
of C2 were given the option of either colonoscopy 
with polypectomy or CTC polyp surveillance. Pa-
tients with a score of C1 were considered to have a 
negative examination and were recommended to un-

TABLE 1: Summary of CT Colonography Reporting and Data System Colorectal and Extracolonic  
Classification Scores

Score Description

Colorectal

C0, inadequate study Inadequate preparation; inadequate insufflation

C1, normal colon or benign lesion No polyp ≥ 6 mm; recommend routine screening with CT colonography or colonoscopy in 5 years

C2, intermediate polyp or indeterminate finding Polyps 6–9 mm, < 3 in number; recommend CT colonography polyp surveillance or colonoscopy with 
polypectomy

C3, polyp, possibly advanced adenoma Polyps ≥ 10 mm; ≥ 3 polyps, each 6–9 mm; recommend colonoscopy with polypectomy

C4, colorectal mass, likely malignant Lesion compromises bowel lumen, shows extracolonic invasion; recommend surgical consultation

Extracolonic

E0, limited examination Compromised by artifact; evaluation of extracolonic tissues severely limited; not used in practice by our 
program

E1, normal examination or anatomic variant No extracolonic abnormalities visible; no workup indicated

E2, clinically unimportant finding Examples: simple liver or kidney cyst, cholelithiasis without cholecystitis; no workup indicated

E3, likely unimportant, incompletely characterized Example: minimally complex or homogeneously hyperattenuating kidney cyst; workup may be indicated; 
dependent on specific clinical scenario

E4, potentially important finding Examples: solid kidney mass, aortic aneurysm; workup generally indicated, but dependent on specific 
clinical scenario; communicate to referring physician as per accepted practice guidelines

Note—Table is based on data published elsewhere [4].
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dergo routine screening in 5 years. In our program, 
C0 was used exclusively to denote nondiagnostic ex-
aminations. The C-RADS criteria for classification 
of extracolonic findings are summarized in Table 1. 
It is important to note that, although categories E3 
and E4 denote potentially significant extracolonic 
findings, further workup may or may not be indicat-
ed for a given patient and is dependent on a number 
of factors, including clinical scenario, previous diag-
nosis, and prior workup history [15].

Experience of Radiologists
CTC examinations were interpreted by one of 11 

board-certified radiologists during the study interval 
(mean, 615 examinations; range, 37–2122 examina-
tions). All radiologists were board certified with an 
average of 9 years in practice by the conclusion of the 
study (range, 2–31 years). Nine of the 11 radiologists 
had completed a fellowship in abdominal radiology, 
and six of those had dedicated instruction in CTC. 
Six of the 11 radiologists work solely in the subspe-
cialty area of abdominal imaging, whereas five have 
a more general radiology practice.

Statistical Analysis
The Fisher exact test was used to test for differ-

ences in categoric variables. The Student t test and 
analysis of variance were used, where appropri-
ate, to test for differences in continuous variables. 
Two-tailed p < 0.05 was used as the criterion for 
statistical significance.

Results
The mean (± SD) age of the popula-

tion (n = 6769) was 56.7 ± 6.1 years, with 
a male-to-female ratio of 3110 (45.9%) to 

3659 (54.1%). The overall positive rate at 
CTC in this first-time screening cohort was 
14.3% (969/6769), with a negative rate of 
85.0% (5751/6769) and a nondiagnostic rate 
of 0.7% (49/6769). The overall distribution 
of C-RADS scores was 0.7% C0 (49/6769), 
85.0% C1 (5751/6769), 8.6% C2 (579/6769), 

5.2% C3 (351/6769), and 0.6% C4 (39/6769) 
(Table 2). This led to an overall colonoscopy 
referral rate of 8.7% (587/6769), reflecting 
the fact that many patients in the C2 category 
opt for CTC surveillance. Of the 579 patients 
with C2 findings, 66.0% (382/579) initial-
ly chose CTC surveillance and the remain-

TABLE 3: Polyp Characteristics by Size

Characteristic All Polyps (n = 1473) Small (6–9 mm) (n = 1035) Large (≥ 10 mm) (n = 438)

Polyp morphologic features

Sessile 946 (64.2) 799 (77.2) 147 (33.6)

Pedunculated 244 (16.6) 91 (8.8) 153 (34.9)

Flat 227 (15.4) 145 (14.0) 82 (18.7)

Mass (all) 47 (3.2) 0 (0.0) 47 (10.7)

Mass (bulky or carpet) 40 (2.7) 0 (0.0) 40 (9.1)

Mass (benign stricture) 7 (0.5) 0 (0.0) 7 (1.6)

Submucosal or extrinsic 9 (0.6) 0 (0.0) 9 (2.1)

Polyp location

Cecum 166 (11.3) 96 (9.3) 70 (16.0)

Ascending colon 291 (19.8) 190 (18.4) 101 (23.1)

Transverse colon 212 (14.4) 161 (15.6) 51 (11.6)

Descending colon 119 (8.1) 88 (8.5) 31 (7.1)

Sigmoid colon 453 (30.8) 334 (32.3) 119 (27.2)

Rectum 232 (15.8) 166 (16.0) 66 (15.1)

Diagnostic confidence

3 (most) 1165 (79.1) 800 (77.3) 365 (83.3)

2 (somewhat) 272 (18.5) 211 (20.4) 61 (13.9)

1 (least) 36 (2.4) 24 (2.3) 12 (2.7)

Note—Data are no. (%) of polyps.

TABLE 2: CT Colonography Reporting and Data System Colorectal and Extracolonic Classification Distribution by  
Age and Sex

Classification 
Score

All Patients (50–79 Years Old) Patients 50–64 Years Old Patients 65–79 Years Old

Overall 
(n = 6769)

Men 
(n = 3110)

Women 
(n = 3659)

Overall 
(n = 6043)

Men 
(n = 2741)

Women 
(n = 3302)

Overall 
(n = 726)

Men 
(n = 369)

Women 
(n = 357)

Colorectal

C0 49 (0.7) 22 (0.7) 27 (0.7) 41 (0.7) 17 (0.6) 24 (0.7) 8 (1.1) 5 (1.4) 3 (0.8)

C1 5751 (85.0) 2543 (81.8) 3208 (87.7) 5191 (85.9) 2274 (83.0) 2917 (88.3) 560 (77.1) 269 (72.9) 291 (81.5)

C2 579 (8.6) 323 (10.4) 256 (7.0) 508 (8.4) 279 (10.2) 229 (6.9) 71 (9.8) 44 (11.9) 27 (7.6)

C3 351 (5.2) 209 (6.7) 142 (3.9) 278 (4.6) 163 (5.9) 115 (3.5) 73 (10.1) 46 (12.5) 27 (7.6)

C4 39 (0.6) 13 (0.4) 26 (0.7) 25 (0.4) 8 (0.3) 17 (0.5) 14 (1.9) 5 (1.4) 9 (2.5)

Extracolonic

E1 2416 (35.7) 1051 (33.8) 1365 (37.3) 2266 (37.5) 988 (36.0) 1278 (38.7) 150 (20.7) 63 (17.1) 87 (24.4)

E2 3445 (50.9) 1689 (54.3) 1756 (48.0) 3003 (49.7) 1455 (53.1) 1548 (46.9) 442 (60.9) 234 (63.4) 208 (58.3)

E3 764 (11.3) 305 (9.8) 459 (12.5) 660 (10.9) 252 (9.2) 408 (12.4) 104 (14.3) 53 (14.4) 51 (14.3)

E4 144 (2.1) 65 (2.1) 79 (2.2) 114 (1.9) 46 (1.7) 68 (2.1) 30 (4.1) 19 (5.1) 11 (3.1)

Note—Data are no. (%) of subjects.
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der (34.0% [197/579]) opted for immediate 
optical colonoscopy. Twelve patients (10 C3 
and two C4) refused optical colonoscopy and 
were followed by CTC polyp surveillance. 
Of patients who proceeded to colonoscopy 
for polypectomy, 75.7% (435/575) of proce-
dures occurred on the same day, without re-
peat bowel preparation.

In total, there were 1473 polyps detected 
in the 6769 patients (Table 3). Small polyps 
(6–9 mm in diameter) accounted for 70.3% 
(1035/1473) and large polyps (≥ 10 mm in di-
ameter) accounted for 29.7% (438/1473). The 
breakdown of polyp morphologic features 
was 64.2% sessile (946/1473), 16.6% pedun-
culated (244/1473), 15.4% flat (227/1473), 
2.7% bulky or carpet mass (40/1473), 0.5% 
benign-appearing mass or likely stricture 
(7/1473), and 0.6% submucosal or extrinsic 
mass (9/1473). The breakdown of polyp loca-
tion by segment was 11.3% cecum (166/1473), 
19.8% ascending colon (291/1473), 14.4% 
transverse colon (212/1473), 8.1% descend-
ing colon (119/1473), 30.8% sigmoid colon 
(453/1473), and 15.8% rectum (232/1473). 
Polyps were called with a diagnostic confi-
dence of 3 (most confident) 79.1% (1165/1473) 
of the time, a diagnostic confidence of 2 
(somewhat confident) 18.5% (272/1473) of the 
time, and a diagnostic confidence of 1 (least 
confident) 2.4% (36/1473) of the time.

A total of 95.8% (551/575) of patients ini-
tially referred for polypectomy ultimately 
underwent polypectomy and 4.2% (24/575) 
deferred. Of patients who opted for CTC pol-
yp surveillance, 97.0% (382/394) had a C-
RADS score of C2; as mentioned already, 
there were 10 patients with scores of C3 
and two patients with scores of C4 who re-
fused polypectomy and thus were followed 
with CTC polyp surveillance. Of C2 patients 
who initially chose CTC polyp surveillance, 
24.1% (92/382) ultimately underwent pol-
ypectomy, typically after discussing results 
with their primary care provider.

Overall, the men in this cohort were slightly 
older than the women (mean age, 56.9 ± 6.3 vs 
56.5 ± 6.0 years; p = 0.0076). The positive rate 
(C2–C4) among men was 17.5% (545/3110) 
and was significantly higher than the 11.6% 
(424/3659) seen for women (p < 0.0001). The 
rate of nondiagnostic examinations (C0) was 
similar between men (0.7% [22/3110]) and 
women (0.7% [27/3659]; p = 0.8868). Positive 
rates increase dramatically as patients age (Ta-
ble 2), with rates of 13.4% (811/6043) for pa-
tients 50–64 years old and 21.8% (158/726) for 
patients 65–79 years old (p < 0.0001).

Overall, 0.7% (49/6769) patients had a tech-
nically inadequate study (C-RADS classifica-
tion C0). Of these studies, the reason for this 
was poor luminal distention in 49% (24/49), 
poor bowel preparation in 31% (15/49), and 
both poor distention and preparation in 16% 
(8/49) of cases. In addition, two patients could 
not be evaluated because of technical issues 
with the 3D reconstruction software. Clinical 
management of this heterogeneous group was 
handled on a case-by-case basis in terms of 
follow-up strategies.

The distribution of extracolonic classifica-
tion scores was 0.0% E0 (0/6769), 35.7% E1 
(2416/6769), 50.9% E2 (3445/6769), 11.3% 
E3 (764/6769), and 2.1% E4 (144/6769) (Ta-
ble 2). Overall, 13.4% (908/6769) of patients 
had indeterminate or potentially significant 
extracolonic findings (E3 or E4). Rates of E3 
or E4 extracolonic findings increased with 
age from 12.8% (774/6043) for patients 50–
64 years old to 18.5% (134/726) for patients 
65–79 years old (p < 0.0001). Women were 
also significantly more likely than men to 
have an E3 or E4 finding, with rates of 14.7% 
(538/3659) and 11.9% (370/3110), respec-
tively (p = 0.008).

Discussion
C-RADS represents an important struc-

tured reporting construct [4]. As with BI-
RADS in mammography, it standardizes ter-
minology and classification of examination 
output as well as management options for 
colorectal cancer screening by CTC. Ulti-
mately, it allows valid comparisons among 
different institutions for both clinical and re-
search purposes. There are few data detailing 
the usage of C-RADS in the clinical screen-
ing setting since it was proposed in 2005. Only 
recently have such programmatic measures 
been reported in smaller single-institution se-
ries [16]. This study represents the results of 
a 7-year clinical CTC screening experience 
where C-RADS was prospectively applied to 
over 7000 patients. If clinical use of CTC for 
colorectal cancer screening increases, we offer 
our data—including distribution of C-RADS 
colorectal and extracolonic scores, colonosco-
py referral percentage, and polyp output and 
characteristics—for use as benchmark values 
to guide other clinical screening programs and 
assist with quality improvement.

Our study shows that in an average-risk 
healthy screening population, the majority of 
CTC examinations (> 85%) are negative using 
the 6-mm threshold for positivity. At our cen-
ter, the positive fraction (C2–C4 findings) ulti-

mately led to a reasonable colonoscopy referral 
rate of less than 10%, with the option of imag-
ing surveillance for one or two isolated small 
polyps (C2 findings) available and the thresh-
old for examination positivity set at 6 mm. The 
fraction of patients with C2 findings opting for 
CTC surveillance over immediate polypecto-
my may vary considerably among programs 
and will also be influenced by evolving data 
on the natural history of small polyps [17, 18]. 
Although about two thirds of our patients with 
one or two small polyps found at CTC screen-
ing (i.e., C-RADS C2) will initially opt for 
CTC surveillance, nearly one quarter will later 
switch to colonoscopy for polypectomy. In our 
experience, this follow-up decision is typically 
related to input from the patient’s primary care 
provider, who are often not aware of all the rel-
ative risks and benefits involved with this deci-
sion [19, 20]. Regardless, this is a complex de-
cision that can be influenced by many factors, 
including patient preference, understanding of 
relative risks, insurance coverage, demograph-
ic and risk factors, and whether the counseling 
is coming from radiology, gastroenterology, or 
primary care.

For practical purposes, C-RADS places 
screened patients with C1 findings with po-
tential isolated diminutive polyps (≤ 5 mm) 
into a 5-year follow-up interval (i.e., routine 
screen interval for negative examinations) 
[21]. The selective polypectomy approach ad-
vanced by C-RADS achieves what we think is 
the primary target of colorectal screening—
that is, early detection of advanced neoplastic 
lesions—but also realizes a marked decrease 
in polypectomies and associated complica-
tions compared with universal polypecto-
my strategies observed in colonoscopic pro-
grams [5]. The difference in polypectomy 
rates between CTC and colonoscopy screen-
ing, which can be over fourfold in magnitude, 
is almost entirely due to the different handling 
of diminutive lesions from setting the posi-
tivity threshold at 6 mm for CTC. In our se-
ries, the majority of the CTC-detected polyps 
(nearly 98%) were classified with moderate 
or high diagnostic confidence. Programs that 
include radiologists with appropriate (CTC-
specific) training should expect similar num-
bers. Using this systematic approach, we have 
shown that the variation in lesion detection 
rates among radiologists in our program is 
quite narrow [22], especially compared with 
the wide variation in performance typically 
seen at colonoscopy [23].

Our study shows that demographic con-
siderations become important, particularly 
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when referencing these data as programmat-
ic benchmarks. The effects of age and sex 
are significant because both have also been 
shown to be strongly associated with colorec-
tal neoplasia risk [24]. As expected, positive 
examinations in this study increased dramati-
cally with age, with the rate seen in patients 
65–79 years old approximately double that of 
patients 50–64 years old. Also as expected, 
the rate increased substantially among men 
compared with women. Thus, the cohort com-
position of these two factors should be taken 
into consideration as programs compare out-
put with these values. Our reported results 
also reinforce likely explanations regarding 
the differences in positive and advanced neo-
plasia rates reported in the literature [18]. For 
example, Lieberman et al. [25] reported an 
advanced adenoma rate of 10.5% in an old-
er male cohort of Veterans Administration 
patients, whereas such rates have been much 
lower in other screening series with younger 
female-dominated populations [5, 18, 26].

Interestingly, although men had a signifi-
cantly higher rate of C2 and C3 findings, there 
was no difference observed between the sexes 
with regard to C4 findings (defined as colorec-
tal mass, likely malignant). At face value, this 
result appears somewhat surprising. Besides 
higher rates of adenomatous polyps, it is well 
established that men have higher overall rates 
of adenocarcinoma than women [27]. Howev-
er, the lack of a sex difference in the C4 rates 
may be related to the imaging-based nature of 
the classification. Although most C4 lesions 
prove to be malignant, benign causes such as 
focal diverticular strictures are included in 
this group because there is currently no other 
way to categorize them. Taken together, the 
group of focal concentric masses of various 
causes led to similar rates between men and 
women in this study. Future iterations of the 
C-RADS construct should take these likely 
benign masses into consideration.

The nondiagnostic study rate was less 
than 1% for this screening cohort. This 
points to the robust reproducible nature of 
CTC and compares favorably against incom-
plete colonoscopy rates, which are reported 
to be as high as 13% [28]. Furthermore, there 
is generally much more diagnostic informa-
tion contained within a C0 CTC examination 
compared with an incomplete optical colo-
noscopy, because the entire colon is always 
visualized to some degree in the former but 
is completely nonvisualized proximal to the 
point of scope passage in the latter. The non-
diagnostic rate at CTC is another important 

quality metric against which other programs 
can measure. In our experience, approxi-
mately one third of nondiagnostic examina-
tions were related to the bowel preparation, 
one half to distention, and the remainder to 
a combination of the two factors. If substan-
tially higher rates are seen in other programs, 
this metric should prompt programmatic re-
view for potentially correctable causes such 
as an insufficient bowel preparation or set-
ting the threshold for distention adequacy 
too high. The C0 rate will also be influenced 
by the experience and comfort level of the 
interpreting radiologist when dealing with a 
suboptimal CTC examination.

The results of this study are particularly 
important with regard to extracolonic find-
ings. The cross-sectional nature of CTC al-
lows diagnoses outside of the colorectum 
[15, 29]. It is imperative to minimize unnec-
essary workup while maintaining the ability 
to uncover important diagnoses, such as ex-
tracolonic cancers and vascular aneurysms. 
The percentages seen here should help in es-
tablishing baseline values for the E catego-
ries of C-RADS to allow comparison with 
other screening programs with compara-
ble demographics. Once set, programmatic 
and individual radiologist percentages can 
be compared for the identification of outli-
ers. Such quality measures would be helpful 
to help optimize the evaluation of inciden-
tal findings. It is particularly important to 
prevent radiologist practices that artificial-
ly upstage E2 findings (benign findings that 
do not require additional workup) because 
of “defensive medicine” approaches. Going 
forward, E4 (potentially important) find-
ings should be emphasized because most E3 
(likely unimportant) findings will ultimately 
prove to be of little or no clinical relevance.

The E3 and E4 cohort represents the pool 
of incidental extracolonic findings that may 
generate additional imaging. For patients 
with E4 findings, additional workup of some 
sort is typically mandatory, whereas it may 
or may not be indicated in patients with E3 
findings, depending on the specific clinical 
situation. By definition, no workup is recom-
mended for an incidental E2 finding or for a 
negative E1 examination. In our study, this 
rate for potential additional evaluation was 
13%. It is important to recognize that this 
represents the upper limit of possible work-
up. A previous analysis of a portion of this 
population (n = 2195) showed that the ac-
tual workup rate was only 6.1% [30]. This 
mirrors other such studies where the actual 

workup rate was substantially smaller than 
the overall E3 and E4 rate. Zalis et al. [28] 
reported an actual workup rate of 5.5% from 
the E3 and E4 cohort in a large prospec-
tive multicenter laxative-free CTC trial (n = 
605). Possible explanations for this obser-
vation include redemonstration of previous-
ly known findings or intentional deferral of 
further investigation because of the specific 
situation of the patient.

Conducting this study has allowed us to 
identify several issues with C-RADS that 
may require revision in the future. On the 
colorectal side, modification to separate out 
likely submucosal, extrinsic, or nonneoplas-
tic lesions would be helpful because they of-
ten do not fit neatly in the positive categories 
of C2–C4. Likely benign masslike lesions 
(e.g., diverticular strictures) have already 
been discussed. On the extracolonic side, the 
current integration of clinical significance 
and need for further workup creates difficul-
ties in interpreting the E categories. Because 
of this combination, it is difficult to deter-
mine the true rate of recommended workup 
related to extracolonic findings because ad-
ditional workup is not appropriate for all E3 
findings even though they may still be con-
sidered significant. Separation of finding sig-
nificance and management recommendation 
in the lexicon would be helpful.

We have identified limitations to this study. 
Our data were collected in the setting of a sin-
gle academic center in the midwestern United 
States, and our screening patient population is 
relatively young and healthy with a higher per-
centage of women than many other colorectal 
cancer screening experiences. Therefore, there 
may be issues when generalizing our results to 
other locales and patient populations. There ex-
ists the possibility of selection bias in our sam-
ple because we are dependent on primary phy-
sician referral for our patient volume, but this is 
likely to be the case in many clinical screening 
programs. In addition, all radiologists at our in-
stitution use 3D reconstructions for primary 
polyp detection with 2D cross-sectional series 
for primary confirmation and secondary detec-
tion; consequently, our results may not gener-
alize to centers where a combined approach is 
not used [11].

In conclusion, we report the results of our 
7-year experience with a clinical CTC screen-
ing program. The majority of examinations 
are negative for polyps at a 6-mm threshold 
with a reasonable referral rate to colonosco-
py. Extracolonic findings potentially requir-
ing additional evaluations constitute a low 
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percentage. Our single-center results catego-
rized by C-RADS may serve as initial bench-
mark values for comparison by other clinical 
screening programs and for the generation of 
quality improvement measures.
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