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Purpose:

Materials and
Methods:

Results:

Conclusion:

To compare diagnostic performance and time efficiency
of double-reading first-reader computer-aided detection
(CAD) (DR FR CAD) followed by radiologist interpreta-
tion with that of an unassisted read using segmentally un-
blinded colonoscopy as reference standard.

The local ethical committee approved this study. Written
consent to use examinations was obtained from patients.
Three experienced radiologists searched for polyps 6 mm
or larger in 155 computed tomographic (CT) colonographic
studies (57 containing 10 masses and 79 polyps =6 mm).
Reading was randomized to either unassisted read or DR
FR CAD. Data sets were reread 6 weeks later by using the
opposite paradigm. DR FR CAD consists of evaluation of
CAD prompts, followed by fast two-dimensional review for
mass detection. CAD sensitivity was calculated. Readers’
diagnoses and reviewing times with and without CAD were
compared by using McNemar and Student ¢t tests, respec-
tively. Association between missed polyps and lesion char-
acteristics was explored with multiple regression analysis.

With mean rate of 19 (standard deviation, 14; median,
15; range, 4-127) false-positive results per patient, CAD
sensitivity was 90% for lesions 6 mm or larger. Readers’
sensitivity and specificity for lesions 6 mm or larger were
74% (95% confidence interval [CI]: 65%, 84%) and 93%
(95% CI: 89%, 97%), respectively, for the unassisted read
and 77% (95% CI: 67%, 85%) and 90% (95% CI: 85%,
95%), respectively, for DR FR CAD (P = .343 and P = .189,
respectively). Overall unassisted and DR FR CAD review-
ing times were similar (243 vs 239 seconds; P = .623); DR
FR CAD was faster when the number of CAD marks per
patient was 20 or fewer (187 vs 220 seconds, P < .01).
Odds ratio of missing a polyp with CAD decreased as polyp
size increased (0.6) and for polyps visible on both prone
and supine scans (0.12); it increased for flat lesions (9.1).

DR FR CAD paradigm had similar performance compared
with unassisted interpretation but better time efficiency
when 20 or fewer CAD prompts per patient were generated.

©RSNA, 2013
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omputed tomographic (CT) colo-

nography has been included among

the recommended options for co-
lorectal cancer screening (1). However, a
number of issues have limited the growth
of CT colonography screening (2); high
interobserver variability is still reported,
mainly due to differences in readers’ ex-
perience (3), and reviewing CT colonog-
raphy is a long process, even when using
newer, more user-friendly software (4).
Furthermore, the cost of a CT colono-
graphic examination needs to be reduced
to become a cost-effective screening test
(5). To reduce reading time, Mani et al
(6) suggested using computer-aided de-
tection (CAD) in a first-reading mode,
in which CAD serves as detector, with
radiologists serving to accept or reject
CAD prompts. Theoretically, the high
sensitivity of CAD algorithms to detect
clinically relevant polyps (7-9) could
eliminate the need for a reader to search
the entire data set for polyps and to fo-
cus only on CAD prompts. However,
as CAD systems are mainly designed
to detect polyps, automatic mass de-
tection poses challenges (10,11). We
sought to overcome this limitation by
adding to first-reader (FR) CAD a short
two-dimensional (2D) review of unanno-
tated areas of the colon, searching for

Advances in Knowledge

® When CT colonographic studies
are interpreted by experienced
readers, diagnostic performance
of double-reading first-reader
computer-aided detection (CAD)
(DR FR CAD) is not different
from that of unassisted reading:
Mean per-patient sensitivity was
77% versus 74%, and mean per-
patient specificity was 93%
versus 90%.

B Detection of low conspicuous
polyps proved difficult also with
CAD; indeed, about 29% (eight
of 28) of missed polyps were flat
lesions compared with 4% (two
of 51) of detected polyps.

® DR FR CAD reduces time of unas-
sisted interpretation by 15% when
the number of CAD prompts per
patient is 20 or fewer.

possible masses or larger lesions missed
by CAD. Masses are readily detected
by experienced readers; therefore, it is
expected that there would be a short
addition of time for reviewing CT colo-
nographic images. The purpose of this
study was to compare diagnostic per-
formance and time efficiency of the
double-reading (DR) FR CAD paradigm,
followed by radiologist interpretation
with the unassisted read, using segmen-
tally unblinded colonoscopy as reference
standard.

Materials and Methods

This study was approved by the local
ethical committee, and written con-
sent to use results of examinations was
obtained from each individual; im3D
(Turin, Italy) provided CAD hardware,
technical support, and the viewing soft-
ware used in this study. One author
(L.C.) is a researcher at im3D, and two
authors (G.I. and D.R.) are research
consultants for im3D. Authors (C.H.,
C.S., N.S., and D.C.) who were not
employees of or consultants for im3D
had control of any data and information
that might present a conflict of interest
for those authors who are employees of
or consultants for im3D.

CT Colonographic Examinations

Given a prestudy calculation (as detailed
below), a total of 160 CT colonograph-
ic examinations were obtained from a
database containing examinations from
two previous trials (12,13), including
mainly high-risk asymptomatic individ-
uals. CT colonographic findings were
verified by using colonoscopy. Figure 1
shows the flow diagram of study data

Implication for Patient Care

B The use of DR FR CAD for CT
colonographic interpretation
should be considered because,
compared with unassisted read,
it reduces reviewing time with no
reduction of diagnostic perfor-
mance; thus, this approach may
be attractive in the context of a
high volume of screening CT
colonography.

set collection: 100 cases with negative
results were randomly chosen among
408 patients without lesions of 6 mm
or larger; 60 cases with positive re-
sults were randomly chosen from the
subgroup of 209 patients with polyps
of 6 mm or larger. We assumed simple
random selection and did not stratify
patients according to polyp features.
CT colonographic protocol was the
following: 120 kVp, less than 50 effec-
tive mAs, and section thickness of 2.5
mm or less. Bowel preparation con-
sisted in the following: low-fiber diet
starting 3 days before the procedure,
oral intake of a 45-mL vial of sodium
biphosphate and sodium phosphate
(Phospho soda; C. B. Fleet, Lynchburg,
Va) 14-18 hours before CT colonog-
raphy, and oral intake of 150 mL of
diatrizoate meglumine and diatrizoate
sodium (Gastrografin; Bracco Diag-
nostics, Milan, Italy) on the afternoon
before the examination. Pneumocolon
was obtained in all cases by introducing
CO, with an automatic insufflator (Pro-
tocol Colon Insufflator; Bracco).

Power Calculation

Specificity represents a critical param-
eter for a screening test, as the main
objective of screening should be to
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Abbreviations:

CAD = computer-aided detection
Cl = confidence interval

DR = double reading

FR = first reader

OR = odds ratio

3D = three-dimensional

2D = two-dimensional
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CT; endoscopy verification (N=617)

Studies with tagging preparation; prone
and supine data sets; multidetector row

Figure 1:  Flowchart shows
selection of study data. Exclusion
criteria were as follows: studies

with incomplete data (7= 2),

209 abnormal studies
(at least 1 lesion = 6mm)

408 normal studies
(no lesions = 6mm)

| studies with endoscopic findings
of 6 mm or larger not visible
on CT images (n = 2), and

[

| 60 studies randomly selected |

\100 randomly selected

studies with polyps smaller than

I 6 mm on CT images (n=1).

3 excluded for: 2 no visible
lesion at CTC; 1 with polyps

2 incomplete exams were
excluded from analysis

None of the selected studies
were excluded because of

< B6mm at CTC
I

technical inadequacy. CTC = CT

57 abnormal studies

\ 98 normal CTC studies

colonography.

(with at least 1 lesion = 6mm)

minimize procedure-related side effects
for asymptomatic people attending the
test. However, no data concerning spec-
ificity of a primary CAD were available
at the time of writing. Thus, the power
calculation was based on identifying
a change of specificity. Detection of a
10% reduction in specificity (o = 5%, B
= 80%) between unassisted and CAD-
assisted reads (90% vs 80%) for each
reader required at least 90 patients
without polyps of 6 mm or larger. With
three readers and at least 52 patients
containing polyps of 6 mm or less, the
study had 80% power to detect a 10%
difference in sensitivity between unas-
sisted and CAD-assisted reads (80% vs
70%) for all readers combined (52 cases
with positive results X three readers =
156 observations with positive results).
The sample size was increased to 160
cases (100 cases with negative results
and 60 cases with positive results) to
allow for exclusion of patients with non-
diagnostic tests, incomplete data, or
findings invisible on CT images.

Reference Standard

Two radiologists (>200 CT colono-
graphic validated cases reported) with
knowledge of endoscopic and histologic
results independently reviewed all cases
to locate verified polyps on CT images.
None of these radiologists participated
in the subsequent reading study. Polyps
were matched to the colonoscopy refer-
ence by using segment location (within
the same or adjacent segment) and size
(within a 50% margin of error) (14).

All lesions were manually marked by
tracing a three-dimensional (3D) box
on the CT image to contain the lesion
and were evaluated according to vari-
ous characteristics used in previous
studies (Table E1 [online]) (15,16). Af-
ter lesion characterization, agreement
between truthers (G.I. and D.C.) was
verified: data were considered con-
cordant if the 3D boxes were at least
partially superimposed, measurements
of diameter were within 2 mm, and
other polyp features were the same.
Disagreement was resolved by means
of face-to-face discussion. Lesions iden-
tified at colonoscopy but not depicted
on CT images (n = 2) were excluded
because their spatial location could not
be specified. Polyps of 5 mm or less (n
= 1) were also excluded. All other le-
sions were defined positive by reference
marking. Eighty-nine lesions (79 polyps
=6 mm and 10 masses) were charac-
terized. Forty-one lesions were 10 mm
or larger and 48 were between 6 and 9
mm. Ten of the 79 polyps (13%) were
flat, 27 were pedunculated (34%), and
42 were sessile (53%).

The CAD System

The commercially available CAD system
used for the study (CAD-COLON-1.10;
im3D) is described elsewhere (17-20).
In brief, after electronic cleansing, the
software extracts the colon from input
CT images by applying a 3D region-
growing algorithm. Colon surface voxels
with suspicious curvature properties are
then selected, and those whose shape

and curvature indexes are within a pre-
defined range are clustered according to
spatial attenuation rules to yield initial
marks. A linear classifier then attrib-
utes a score to each candidate. Candi-
date lesions with a score above a certain
threshold (operating point) are then
shown to the user. The corresponding
CAD prompts are displayed on both 2D
and 3D images with rectangular bound-
ing boxes. None of the cases used in this
study were used in system training. The
operative point of the CAD, which was
set to reach a sensitivity of 95% for le-
sions of 6 mm or larger at 11 false-pos-
itive results per series (22 false-positive
results per patient), corresponds to the
default setting of the CAD system. It
was set during the training phase (19)
to address the needs in a clinical situa-
tion for higher sensitivity.

Reviewing CT Colonography

Three additional radiologists (5-10
years of experience in CT colonogra-
phy, results in >200 of 600-1200 exam-
inations reported were verified by using
colonoscopy) took part in the reading
study. Each reader interpreted images
from all examinations twice, at least
6 weeks apart, to minimize the recall
bias. The images from the examina-
tions were ordered randomly on a per-
reader basis and were analyzed either
as unassisted or with the DR FR CAD
paradigm. Six weeks later, case order-
ing was randomized again, and images
from the studies were interpreted by
using the opposite paradigm. Readers
were blinded to disease prevalence, and
they were told to ignore polyps 5 mm
or less. Polyps were measured as per
CT Colonography Reporting and Data
System guidelines (21). No time limit
was imposed, but radiologists were
expected to read images from a min-
imum of 25 cases in a day (8 hours
per reading session). Regardless of the
paradigm, radiologists were free to use
the full functionality of the workstation
when interpreting 2D axial images,
multiplanar reconstructions, and endo-
luminal fly-through images. A primary
2D reading with 3D problem solving
was used. When interpreting unas-
sisted, radiologists analyzed images
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from studies without CAD and charac-
terized each abnormality, annotating its
size, location, and morphologic char-
acteristics. Interpretation time and a
confidence score on a five-point scale
(from definitely normal to definitely
abnormal) were recorded. The use of
the confidence score was limited to the
generation of receiver operating char-
acteristics. When using DR FR CAD,
radiologists reviewed CAD prompts
on both prone and supine scans, and
lesions were classified as described
above. After evaluating CAD prompts,
radiologists scrolled through the 2D
axial images searching for masses and/
or evident lesions missed by CAD. Any
additional finding was documented.
For both reading paradigms and for
each finding reported by readers, the
3D boxes on CT images containing the
lesion (either manually traced or auto-
matically estimated by CAD) were also
recorded.

Automatic Lesion Matching

A detection was considered true-posi-
tive if any part of the detected bound-
ing box matched any part of the refer-
ence standard bounding box (Fig 2);
otherwise, it was considered false-
positive (9). Lesions included in the
reference standard but not observed
were counted as false-negative. All de-
tections were first automatically labeled
with this criterion. Then, true-positive
detections were sorted by their overlap
with the reference standard bounding
box, where the overlap was defined
by the intersect volume divided by the
union volume (22-24). True-positive
detections overlapping with the ref-
erence standard less than 25% were
reviewed by one of the study truthers
(G.I. and D.C.) to ensure that the true
lesion and not a neighboring struc-
ture was deemed as a true-positive
detection. Detections that were found
to match neighboring structures were
eliminated as true-positive detections.
As it was a detection problem, the
threshold of 25% was set deliberately
to low to account for inaccuracies in the
bounding box data. Results for polyps
were evaluated per patient, not per su-
pine and prone position, so if a lesion

Figure 2

Figure 2:

Two examples of correct reader detections (blue boxes) with their positive reference standard

bounding boxes (yellow boxes) in a 63-year-old man. Detections were considered true-positive on the basis
of the volume of the overlap with positive reference standard bounding boxes. Left: Detection overlapping
with its positive reference standard bounding box of more than 25% Right: Detection containing all visible

parts of its positive reference standard bounding box.

was detected in one position it was
considered a true-positive detection
regardless of whether the reader iden-
tified the lesion in the complementary
position. This algorithm was used only
for the per-polyp analysis.

Data Analysis

First, the primary end point of the study
was to compare per-patient specificity
and sensitivity of the DR FR CAD par-
adigm to that of the unassisted read.
A positive result for CT colonography
was defined as detection of a polyp of 6
mm or larger. This determination was
then deemed either true-positive or
false-positive, depending on whether
the reference standard confirmed that
a polyp of 6 mm or larger was present.
Negative results for CT colonography
were similarly deemed true-negative
or false-negative, depending on the
results of the reference standard. Per-
patient diagnoses given by each reader
with and without CAD were compared
by using the McNemar test. Sensitiv-
ity, specificity, and the 95% confidence
intervals (Cls) of each were calculated
for each reader and for each reading
mode; the 95% Cls were calculated
by taking a bootstrap approach (23).
Nonparametric methods were used
to estimate the receiver operating

characteristic curves and the areas
under the curve for each reader (26).
Reviewing times were compared by us-
ing the paired t test; the relationship
between increasing CAD prompts and
reading time was investigated with lin-
ear regression.

Second, a per-polyp analysis was
performed to identify polyp features
associated with polyp detection. Polyps
were separated according to a binary
variable: those detected by none or by
one of the study readers (ie, missed
polyps) and those identified by two
or three of the study readers (ie, de-
tected polyps). Differences in charac-
teristics between missed and detected
polyps were tested by using the t test
for continuous variables and by using
the x? test or the Fisher exact test, as
appropriate. Multivariate analysis was
performed (separately for each read-
ing mode) by using logistic regression.
Backward stepwise regression was
used as a support to identify features
more strongly associated with the out-
come (27). Variables that were mar-
ginally significant (P = .2) with univar-
iate comparison were initially entered,
with the least significant variables (P
> .05) sequentially eliminated. Results
were expressed as odds ratios (ORs)
of a polyp being missed and 95% Cls.
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Table 1

Per-Patient Sensitivity and Specificity for Identifying Patients with 6 mm or Larger
Polyps for Unassisted, FR CAD, and DR FR CAD Paradigm

Statistic and Unassisted Read FR CAD DR FR CAD
Reader Percentage®  95% Cl  Percentage* 95% ClI  Percentage*  95% Cl  PValue
Sensitivity
Reader 1 4 (42/57) 60,84 72 (41/57) 58,83 2 (41/57) 58,83 >.99
Reader 2 5 (43/57) 62,86 79 (45/57) 66, 89 9 (45/57) 66, 89 726
Reader 3 74 (42/57) 60,84 79 (45/57) 66,89 79 (45/57) 66, 89 .546
Average of 4(127/171) 65,84 77 (131/171) 67,85 7(131/171) 67,85 .343
all readers
Specificity
Reader 1 91 (89/98) 83,96 90 (88/98) 82,95 89 (87/98) 80,94 .815
Reader 2 95 (93/98) 88,99 92 (90/98) 82,95 92 (90/98) 82,95 727
Reader 3 95 (93/98) 88,99 91 (89/98) 83,96 91 (89/98) 83,96 .344
Average of 94 (275/294) 89,97  91(267/294) 85,96 90 (266/294) 85,95 189
all readers

* Numbers in parentheses were used to calculate the percentages.

Table 2

Area under the Receiver Operating Characteristic Curve Estimate

Observer Unassisted Read DR FR CAD Difference PValue
Reader 1 0.84 (0.76, 0.92) 0.82 (0.74, 0.90) —0.02 (—0.04,0.04) 519
Reader 2 0.87 (0.78,0.90) 0.90 (0.84,0.96) 0.03 (—0.08,0.02) 3
Reader 3 0.84 (0.76,0.92) 0.89 (0.79, 0.99) 0.05 (—0.11,0.007) .083

Note.—The receiver operating characteristic curves without and with CAD were generated for each reader on the basis of
association between the confidence scores (values ranging from one to five) and correct case classification (normal versus

abnormal). Numbers in parentheses are 95% Cls.

Statistical analysis was performed
by using statistical software (R; the R
Foundation, Vienna, Austria) (28-33).
Two-sided P values less than .05 were
considered to indicate significance.

Of the 160 selected cases, five were ex-
cluded from the analysis for incomplete
examination (n = 2), lesion with a larg-
est diameter less than 6 mm (n = 1),
and patients with polyps identified at
colonoscopy but invisible on CT colono-
graphic scans (n = 2). All studies were
deemed to be technically adequate (e,
bowel preparation and distention were
of sufficient quality to exclude polyps
=6 mm in normal segments). In the
final 155 cases, 83 patients were men
(average age, 57 years; range, 39-71

years) and 72 were women (average
age, 56 years; range, 37-75 years).
Fifty-seven patients had a total of 89
lesions of 6 mm or larger, including 79
polyps and 10 masses. Forty-eight pa-
tients had polyps and no masses, eight
had masses and no polyps, and one had
both masses and polyps. Forty-four pa-
tients had at least one advanced neopla-
sia of 6 mm or larger (ie, lesions =10
mm or with a 20% or more villous com-
ponent or with high-grade dysplasia).

CAD Stand-alone Performance

Per-polyp CAD sensitivity was 90% (71
of 79; 95% CI: 81%, 96%) and 97% (30
of 31; 95% CI; 90%, 98%) for polyps of
6 mm or larger and 10 mm or larger,
respectively. In nine patients with 10
masses, CAD detected all masses, for a
sensitivity of 100%. The sensitivity for

pedunculated, sessile, and flat lesions
was 89% (24 of 27; 95% CI: 71%, 98%),
95% (40 of 42; 95% CI: 84%, 95%), and
70% (seven of 10; 95% CI: 35%, 96%),
respectively. The mean number of false-
positive detections per series was 9.6
(standard deviation, seven; median,
eight; range, 2-64; interquartile range,
6-12); these data correspond to a per-
patient mean number of 19 detections
(range, 4-127 detections).

Per-Patient Analysis

Results of per-patient analysis are
shown in Table 1. Mean sensitivity of
unassisted and of CAD-assisted read-
ings did not differ significantly (74% vs
77%, P = .343), and all masses were de-
tected both with and without CAD. All
lesions of 6 mm or larger detected at
the DR FR CAD reading were initially
correctly identified by the CAD system.
No differences were found for detection
of advanced neoplasia (81% vs 82% for
DR FR CAD; P > .99). The mean speci-
ficity of the unassisted read was 93%; an
insignificant reduction of specificity was
observed using CAD (90%, P = .189).
No specificity differences were observed
when comparing studies with less than
15 CAD prompts per scan with those
that had more than 15 CAD prompts
per scan (OR, 1.1; 95% CI: 0.69, 3.5;
P = .303). Area under the curve in-
creased marginally by using CAD for two
readers and decreased for one (Table 2).
None of the individual area under the
curve differences achieved significance.

Reading Time

The average reading time of unassisted
and DR FR CAD was 243 seconds
(95% CI: 229, 257) and 239 seconds
(95% CI: 229, 257), respectively (P =
.623). The mean reading time for the
evaluation of CAD prompts was 186
seconds (95% CI: 170, 202); an addi-
tional 53 seconds (95% CI: 47, 60) was
required for the 2D review. A positive
correlation was observed between the
increasing number of CAD prompts
and interpretation time both with and
without CAD (regression coefficient,
5.3 seconds [95% CI: 4.3, 6.3] and 1.6
seconds [95% CI: 0.6, 2.6]; P = .02 and
P < .001, respectively). Compared with
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Table 3

Per-Polyp Sensitivity for Each Reader and for All Readers Combined Stratified for Lesion Size

Unassisted Read FR CAD DR FR CAD
Observer Sensitivity (%)* 95% Cl Sensitivity (%)* 95% Cl Sensitivity (%)* 95% Cl PValue
For =6 mm Polyps
Reader 1 70 (62/89) 59,79 66 (59/89) 54,76 66 (59/89) 54,76 438
Reader 2 71 (63/89) 60, 80 67 (60/89) 57,77 67 (60/89) 57,77 .654
Reader 3 63 (56/89) 52,73 70 (62/89) 59,79 70 (62/89) 59,79 .382
Average of all readers 68 (181/267) 59,76 68 (181/267) 59,76 68 (181/267) 59, 66 >.99
For =10 mm Polyps
Reader 1 95 (39/41) 83,99 90 (37/41) 77,97 90 (37/41) 77,97 .625
Reader 2 93 (38/41) 80,98 88 (36/41) 74,96 88 (36/41) 74,96 .625
Reader 3 80 (33/41) 88.99 85 (35/41) 83,96 85 (35/41) 83,96 .625
Average of all readers 89 (110/123) 83,94 88 (108/123) 81,93 88 (108/123) 81,93 774

* Numbers in parentheses were used to calculate the percentages.

unassisted interpretation, DR FR CAD
significantly shortened interpretation
time for studies generating 20 or fewer
CAD prompts (P < .01) (Fig 3).

Per-Polyp Analysis

Table 3 reports results of per-polyp
analysis. The pooled sensitivity for le-
sions of 6 mm or larger was 68% for
both reading modes (95% CI: 59%,
76%; P > .99). No differences were ob-
served even when comparing sensitiv-
ities at the 10-mm threshold (P = .774).
During unassisted reading, 49 polyps
were detected either by three (n = 40)
or two readers (n = 9). The remaining
30 polyps were detected by one reader
(n = 13) or by neither (n = 17). Using
CAD, 51 polyps were detected either
by two (n = 16) or three readers (n =
33). The remaining 28 polyps, of which
20 were correctly prompted by CAD,
were either detected by one reader (n =
17) or by neither (n = 13). Interreader
agreement of polyp detection varied
substantially (Appendix E1 [online],
Table E2 [online]). Appendix E2 (on-
line) and Table E3 (online) report the
characteristics of missed polyps (ie, de-
tected by no reader or by one reader)
and those of detected polyps (ie, detect-
ed by two or three readers). According
to multivariate analysis (Appendix E2
[online]), the odds of missed detection
decreased with increasing polyp size
(OR, 0.6; 95% CI: 0.46, 0.9) and for

Reporting time (sec)

300 -

250 -

200

150

100

Reading Mode
-C- Double Reading with first reader CAD
-~ First Reader CAD
-~ Unassisted

224
(216,233)

191

183,200
169 ( )

(140,198)

143
(135,151)

92
(82,103)
<10 10-20

# of CAD-prompts per patient

>20

Figure 3:  Graph of mean
reviewing times as a function

of the number of CAD prompts
per patient according to reading
strategy. Data in parentheses are
95% Cls.
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Table 4

Results of Multiple Logistic Regression Modeling

Variable Unassisted Read PValue DR FR CAD PValue
Diameter 0.7 (0.5,0.9) .01 0.6 (0.46,0.9) .008
Colon

Proximal colon (reference) 1.0

Distal colon 3.5(0.8,16) A
Lesion morphologic characteristics .001 .03

Sessile (reference) 1.0 . 1.0 .

Pedunculated 0.2 (0.03,1.1) .06 0.95(0.1,7) .96

Flat 9.1(1.2,188) .03 14 (1.5,129) .02
Polyps seen on both scans (reference) 1.0 1.0

Polyps seen on only one scan

0.12(0.01,0.88) .04

0.08 (0.01,0.6) .01

Relation to folds
Not related (reference) 1.0 .
Related 0.6 (0.2,2.8) .5
Segment distention
Optimal (reference) 1.0 ... 1.0 .
Moderate or poor 0.22 (0.05, 1.06) .06 0.5(0.1,2.5) 4

No. of CAD prompts

1.0(0.1,25 7

Note.—Numbers in parentheses are 95% Cls. Data are the odds of a polyp being missed either for one-unit increase in the
explanatory variable (for variables on a continuous scale) or for each category relative to the odds of baseline category (for

categorical explanatory variables).

polyps visible on both prone and supine
scans (OR, 0.08; 95% CI: 0.01, 0.6).
Conversely, the odds increased for flat
polyps (OR, 14; 95% CI: 1.5, 129). A
similar pattern was observed for the
unassisted read (Table 4).

False-Positive Detections

With unassisted interpretation, there
were 23 false-positive detections of 6
mm or larger in 21 patients (13.5% of
cases); with DR FR CAD, there were
31 false-positive detections of 6 mm or
larger in 22 studies (14% of cases). Of
the 22 studies with false-positive de-
tections, three had 10 or fewer, eight
had 20 or more, and 11 had between
10 and 20 CAD prompts. False-positive
detections of the unassisted read were
mainly bulbous folds; the most frequent
source of false-positive detections with
the DR FR CAD read were fecal or fluid
residues, followed by normal anatomy
(Table E4 [online]).

According to our study, per-patient sen-
sitivity of unassisted interpretation and

that of DR FR CAD interpretation were
similar, and all 10 masses were recog-
nized by using both modalities. With
DR FR CAD, specificity was also re-
duced insignificantly, with no relation-
ship between the increasing number
of CAD prompts and the readers’
specificity. This finding is consistent
with findings in a previous study (34)
in which experts used second-reader
CAD in a low-prevalence population.
FR CAD was less time-consuming than
the unassisted read. As expected, the
additional phase after CAD decreased
time efficiency. Although this review
added less than 1 minute for assessing
CAD prompts, it represented a 22%
increase in reviewing time. Unsurpris-
ingly, the time to review the images
with CAD increased with the number
of CAD prompts. Unassisted reviewing
time also depended on the number of
CAD prompts. This factor may simply
indicate that more complex images
generate more CAD prompts but also
that they require more time to be ana-
lyzed. Overall, reviewing time with DR
FR CAD was similar to that of the un-
assisted read. However, this study also

shows that DR FR CAD had better time
efficiency than unassisted interpreta-
tion for studies generating 20 or fewer
CAD prompts. Therefore, a review of
a list of fewer than 20 CAD locations
per patient is needed to improve overall
time efficiency. Obviously, CAD thresh-
old values should be appropriately ad-
justed for this purpose to maintain the
same case-based CAD sensitivity.

A substantial number of polyps
were unreported by most of the readers
at both reading modes; more than
70% of them were correctly prompted
by CAD. Interestingly, we found that
the same polyps that were difficult to
correctly characterize by unassisted
readers were also hard to interpret by
using CAD. Taylor et al (16) found that
large polyps are at greater risk of be-
ing missed with CAD. Therefore, our
result was opposite to their results. A
possible explanation for this difference
might be that we used the term missed
polyps for those polyps unreported by
most of the study readers. We believe
that the detection of polyps by only one
of the study readers was a result of in-
terradiologist variation. It is therefore
likely that when study radiologists had
a consensus result of missing a polyp,
this polyp would likely be incorrectly
interpreted by most other general ra-
diologists. Alternative explanations may
include different readers’ experiences
and/or different CAD reading modes.
We also observed that a lesion was more
likely to be correctly identified if it had
been prompted by CAD on both prone
and supine scans rather than on only
one acquisition. Thus, schemes such as
“double-matching” CAD prompts (35)
could be useful to make the best use of
CAD-assisted reading. Not surprisingly,
non-CAD-detected polyps were often
missed at CAD-assisted reading. How-
ever, these polyps were also at greater
risk of being missed without CAD.
Thus, the fact that a small percentage
(<10%) of polyps would be unmarked
by CAD does not appear to influence
reader sensitivity, as most of these
would be dismissed anyway.

There were several limitations to
this study. First, this was a retrospec-
tive study, and reading behavior might

Radiology: \olume 268: Number 3—September 2013 = radiology.rsna.org

749



Radiology

GASTROINTESTINAL IMAGING: CT Colonography: Assessment of Double-Read Paradigm

lussich et al

not be the same as in a clinical set-
ting (36). Although this was the larg-
est study to date (to our knowledge),
investigating an FR CAD scenario, a
larger number of cases and readers
would give even more robust data.
More observers would be advanta-
geous to provide a greater generaliz-
ability of the study results to a general
reader population. However, studies
with three readers are not uncommon
in imaging literature (37) and are con-
sidered to be adequate for reporting
diagnostic performance in the hands
of experienced readers where inter-
reader variability is expected to be low
(37-39). The study readers had consid-
erable experience in CT colonography;
thus, our results may not be transfer-
able to less experienced radiologists.
Our data set was polyp enriched. This
factor leads to a diagnostic perfor-
mance different than that potentially
achieved if a screening cohort (with
few polyps) had been used. Despite
that the sensitivity for 6 mm or larger
lesions in our series was in agreement
with the sensitivity in a previous large
multicenter series, the reading time
was much shorter, leading to poten-
tial underestimation of the time gain
achievable with the DR FR CAD mode
(40). All masses present in our data set
were correctly identified by the CAD
system, preventing us from assessing
the post-CAD reader sensitivity in de-
tecting eventual masses missed by the
system. However, experienced readers
are already well known to have a very
high sensitivity for masses. On the
other hand, it is unlikely that the lack
of masses missed by CAD affected the
validity of the assessment of specificity
or reading time with this modality that
may be considered as the main out-
comes of our study. Our results reflect
one particular CAD system; therefore,
they may not be generalized to other
systems. A further limitation was that,
although we considered a number of
variables as possible predictors of
detection failure, it is possible that
other variables that we did not assess
were related to the outcome. Finally,
while we cannot exclude recall bias,
the reading paradigm used for each

case was randomized between the two
reading sessions for each reader, such
that any recall bias would affect both
paradigms equally.

In summary, a DR where CAD is
the FR and the radiologist is the second
reader has diagnostic performance that
is similar to that of unassisted reading.
Moreover, this reading paradigm is less
time-consuming, particularly when an
acceptable number of CAD marks are
generated. Therefore, it may be an at-
tractive reading strategy in a screening
setting where the prevalence of disease
is expected to be low and cost-effective-
ness is an issue.
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