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Reader error during CT colonography: causes

and implications for training

Abstract This study investigated the
variability in baseline computed
tomography colonography (CTC)
performance using untrained readers
by documenting sources of error to
guide future training requirements.
Twenty CTC endoscopically validated
data sets containing 32 polyps were
consensus read by three unblinded
radiologists experienced in CTC,
creating a reference standard. Six
readers without prior CTC training
[four residents and two board-certified
subspecialty gastrointestinal (GI)
radiologists] read the 20 cases. Read-
ers drew a region of interest (ROI)
around every area they considered a
potential colonic lesion, even if sub-
sequently dismissed, before creating a
final report. Using this final report,
reader ROIs were classified as true
positive detections, true negatives

correctly dismissed, true detections
incorrectly dismissed (i.e., classifica-
tion error), or perceptual errors.
Detection of polyps 1–5 mm, 6–9 mm,
and ≥10 mm ranged from 7.1% to
28.6%, 16.7% to 41.7%, and 16.7% to
83.3%, respectively. There was no
significant difference between polyp
detection or false positives for the GI
radiologists compared with residents
(p=0.67, p=0.4 respectively). Most
missed polyps were due to failure of
detection rather than characterization
(range 82–95%). Untrained reader
performance is variable but generally
poor. Most missed polyps are due
perceptual error rather than character-
ization, suggesting basic training
should focus heavily on lesion
detection.
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Introduction

Computed tomography colonography (CTC) is increasing
available, largely based on encouraging performance data
from studies in academic centers [1–5]. Although the
largest study to date produced excellent results [6], other
comparative trials have been less encouraging [7–9].
Suboptimal technical parameters may in part explain
poor performance, but much attention has focused on the
influence of reader experience on accuracy [10, 11]. As
expected, there is a clear learning curve associated with
interpretation of CTC [12], and recent data confirms
superior performance characteristics in expert hands [13,
14]. Reader training is therefore now generally considered
mandatory [15], and appropriate guidelines have been

provided by expert consensus [16]. However, evidence on
which to base such guidelines is relatively sparse. While
response to training is known to be unpredictable [17], the
reasons for this remain unclear. Fidler et al. demonstrated
suboptimal reader performance even after a period of
formal training and suggested errors in lesion detection
(i.e., nonvisualization) were a significant source of missed
lesions [18]. Such data questions the duration and emphasis
of current training programs. For example, it is not known
to what degree untrained readers have differing innate
capability, perhaps enhanced by prior experience of
gastrointestinal radiology; whether training should be
individualized; and what should be the differential
emphasis on lesion detection or characterization. The
purpose of this study was to investigate variability in
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baseline observer performance using untrained readers of
varying GI experience and to identify sources of error to
guide future training requirements.

Materials and methods

Case selection and annotation

Twenty CTC data sets with 32 endoscopically proven
polyps were selected from a local research CTC data base.
Full ethical permission for the study was obtained, and
patients gave informed consent for use of their data. The
data base had been collated from five donor institutions all
running research programs comparing CT colonography
with endoscopy. All patients received full bowel prepara-
tion [90 ml sodium phosphosoda (13 patients) and 24 g
magnesium citrate (7 patients), and seven received intra-
venous spasmolytic. Thirteen had fecal tagging (500 ml
2.1% w/v barium sulphate plus 120 ml meglumine
diatrizoate), and scans were performed using multidetec-
tor-row CT (4–16 rows). CT parameters were as follows:
collimation 2.5 mm, 120 kV, supine 120–233 mA, prone
25–352 mA.

Cases were loaded onto a computer workstation
equipped with CTC software (ColonCAR 1.2, Medicsight
plc, London, UK). The software enabled a primary two-
dimensional (2D) analysis of the prone and supine images
simultaneously using the original axial images, together
with both multiplanar reconstructions and a three-dimen-
sional (3D) surface-shaded cube for problem solving. No
endoluminal fly-through or automated center-line function
was available. All 20 cases were then read by each of the
three radiologists experienced in CTC interpretation (ex-
perience of at least 200 endoscopically confirmed CTC
cases) blinded to the prevalence of abnormality over a
period of 1 week. Each reader noted the size and slice
number of all colonic neoplasia on a report form, which
was then submitted to the study coordinator.

To establish the reference standard, the 20 data sets were
then reread in consensus by the same three radiologists,
with full knowledge of the same-day colonoscopy report
for each individual patient. Readers confirmed technical
adequacy (bowel preparation and distension) in all 20 cases
and sought all polyps identified on colonoscopy using
primarily 2D axial scrolling with 3D for problem solving.
Disagreement was resolved by face-to-face discussion.
Maximum transverse diameter was used to individually
match polyps if the colonoscopy had found more than one
polyp in an individual colonic segment. Once detected, a
free-hand region of interest (ROI) was drawn around the
polyp using a mouse and drawing tool embedded in the
software. This ROI was then saved as a binary image file
such that the exact polyp position could be recalled during
subsequent case marking (Fig. 1).

The three consensus readers then evaluated polyp
morphology [sessile, pedunculated, or flat (less than
3 mm high)] and scored each colonic segment containing
a polyp for fecal residue (based on percentage of wall
circumference obscured: grade 1 0% obscured, grade 2
<25%, grade 3 25–50%, grade 4 >50%), residual fluid
[based on anteroposterior (AP) diameter of colonic
segment: 1 no fluid, 2 less than 25% AP diameter, 3
25–50% AP diameter, 4 >50% AP diameter], diverticular
disease (absent or present), and whether the lesion was seen
on one series only or both. Distension was also judged as
clinically adequate or inadequate. For tagged data sets, note
was made if the polyp was unsubmerged by tagged fluid on
at least one data set. The study coordinator compared the
blinded report forms for each of the three readers to the
final annotated consensus reference standard in order to
document baseline experienced reader performance for the
20 datasets.

Novice reader cohort

Six novice readers were selected to take part in the study.
Four readers were residents with 1 year of experience in
general abdominal CT examinations. Two readers were
board-certified radiologists with a subspecialty interest in
gastrointestinal radiology (with 5 and 15 years of experi-
ence, respectively, in general abdominal CT examinations).
None of the readers had received any formal CTC training,
and none were reporting CTC in day-to-day practice.
Before the study, all readers were instructed to read a
review article [19] to familiarize themselves with the basic
concepts of CTC interpretation. Each reader was then
shown the functionality of the viewing software (Colon-
CAR) during a 1-h tutorial by the study coordinator
(experienced in over 100 CTC examinations) and were
shown an example of a large polyp, a small polyp, and a

Fig. 1 Axial supine computed tomography colonographic (CTC)
image showing method of polyp annotation via hand-drawn region
of interest (ROI) stored as a binary image file
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cancer. Functionality of the viewing software is described
above.

All six readers were then instructed to independently
read the 20 cases in their own time over a period of
4 weeks. Readers were blinded to the prevalence of
abnormality within the data set and received no perfor-
mance feedback over the course of the study. No attempt
was made to record reporting times. For each case, readers
were instructed to draw a free-hand ROI around every area
they considered a potential colonic lesion even if they
subsequently dismissed it following lesion classification.
This requirement was stressed by the study coordinator,
and readers were reassured that they could mark as many
potentially abnormal areas as they wished. Each reader
stored their ROIs, which were saved by the computer as a
binary image file (so they could be recalled during case
marking) before producing a final report following classi-
fication/characterization of each ROI listing the size,
segment, and slice number of each lesion they would
report in routine clinical practice. Readers were not
instructed to ignore sub-5-mm lesions. This final report
was handed to the study coordinator after each case was
completed.

Case marking

The study coordinator positioned two workstations side by
side. On the first, the annotated consensus reference was
recalled (with true polyps circled) and on the second, the
equivalent data set for each reader in turn (with saved ROIs
displayed). Using the final reader written report, the
coordinator classified each reader ROI as true positive (if
it corresponded to a true polyp and included in the final
report), false positive (not corresponding to a true polyp but
was included in the final report), a false negative [error of
classification, (if it corresponded to a true polyp but the

lesion was not included in the final report]. A false negative
(error of detection) was noted when no ROI was seen
around a known lesion. If an ROI did not correspond to a
true polyp and was not included in the final report, it was
classified as “correctly dismissed”.

Analysis

Per-polyp sensitivity, both overall and according to size
(1–5 mm, 6–9 mm, ≥10 mm), was calculated using the final
reader report compared with the consensus reference
standard. Detection rates, overall and according to polyp
size, were compared across readers using the chi square
test. Overall polyp detection for the GI subspecialist
radiologist was compared with that of the residents using
Fisher’s exact test. False positives and correctly dismissed
ROIs were expressed as a mean per case. To investigate the
influence of fecal residue, residual fluid, diverticular
disease, and supine/prone visualization on detection,
polyps were divided into two groups—those seen by
three or more readers and those seen by two readers or less
—and proportions were compared using Fisher’s exact test.
For this analysis, fecal and fluid scores were divided into
two groups: grades 1, 2 versus grades 3, 4.

Results

Polyp characteristics

Five data sets were normal. The other 15 cases contained
between one and six lesions each. There were 14 polyps
between 2 and 5 mm, 12 polyps between 6 and 9 mm, and
six lesions ≥10 mm, one of which was a polypoid cancer
measuring 30 mm. Polyps were distributed in the rectum
(n=9), sigmoid colon (n=9), descending colon (n=5),

Table 1 Individual polyp detection for each reader according to size

Polyp
size

Mean detection
(experienced
readers)a

GI radiologist
(1) detected (%)

GI radiologist
(2) detected (%)

Resident (1)
detected (%)

Resident (2)
detected (%)

Resident (3)
detected (%)

Resident (4)
detected (%)

Significance
(p)*

1–5 mm
(n=14)

6.3 (45%) 3 (21.4%) 1 (7.1%) 2 (14.3%) 3 (21.4%) 4 (28.6%) 4 (28.6%) 0.68

6–9 mm
(n=12)

7.7 (64%) 2 (16.7%) 3 (25.0%) 5 (41.7%) 5 (41.7%) 5 (41.7%) 3 (25.0%) 0.64

≥10 mm
(n=6)

6 (100%) 4 (66.7%) 1 (16.7%) 5 (83.3%) 4 (66.7%) 3 (50.0%) 4 (66.7%) 0.26

Overall
(n=32)

23.3 (62.5%) 9 (28.1%) 5 (15.6%) 12 (37.5%) 12 (37.5%) 12 (37.5%) 11 (34.4%) 0.35

GI gastrointestinal
aBased on individual performance of each of three experienced readers prior to unblinding to colonoscopy data and creation of reference
standard
*Chi square test
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transverse colon (n=4), ascending colon (n=4), and cecum
(n=1). Four polyps were pedunculated, one was flat
(7 mm), and the remaining 27 were sessile. Eight polyps
were seen on one data set only; 24 were seen on both
supine and prone data sets. Only two polyps had divertic-
ular disease in the same segment. All but one polyp had no
fecal residue in the segment. Segmental fluid residue was
classified as grade 1 for three polyps, grade 2 for 14 polyps,
grade 3 for 12 polyps, and grade 4 for three polyps. In cases
that had fecal tagging, all were nonsubmerged on at least
one view. All segments containing polyps were judged
adequately distended for clinical purposes.

Reader performance

The mean detection for the three experienced readers (prior
to the unblinded consensus read) for polyps sized 1–5 mm,
6–9 mm, and ≥10 mm was 45% (range 29–57%), 64%
(range 50–75%), and 100% (range 100–100%), respec-
tively. The six untrained readers highlighted an average 4.5
ROIs per case. Per polyp sensitivity for the six readers is
shown in Table 1. Detection of polyps 1–5 mm, 6–9 mm,
and ≥10 mm ranged from 7.1% to 28.6%, 16.7% to 41.7%,
and 16.7% to 83.3%, respectively. There was no evidence
of any interaction between individual readers and sensi-
tivity either overall or when polyps were grouped
according to size (p>0.05 in all cases). Furthermore,
there was no significant difference between mean polyp
detection for the GI radiologists compared with mean
detection for residents overall (p=0.67) or for polyps
≥6 mm (p=0.33).

The 30-mm cancer was detected by all six readers but
dismissed by one resident (Fig. 2). Only one polyp (6 mm)
was seen by all six readers (Fig. 3). Conversely, one 10-mm
polyp was not detected by any of the readers (Fig. 4).

Reader false negatives

Distribution of reader ROIs not corresponding to true
polyps together with the reason for missed polyps is shown
in Table 2 and the distribution of false negatives according
to errors of detection or classification shown graphically in
Figs. 5 and 6. For all readers, the majority of missed polyps
were due to failure of detection rather than characterization,
a pattern that held true for more clinically significant
polyps (≥6 mm) (Fig. 6). For the four residents, the
percentage of errors of detection were 95%, 90%, 90%, and
85%, and for the two GI radiologists, this percentage was
82% and 91% respectively. The second GI radiologist had
slightly more errors of detection (40% of missed polyps
≥6 mm in size) compared with the other readers.
Interestingly, this reader also had the lowest sensitivity
for polyps ≥10 mm.

Fig. 2 Axial supine computed tomography colonographic (CTC)
image demonstrating a 30-mm sigmoid cancer (arrow) detected but
dismissed by one observer

Fig. 3 Axial prone computed tomography colonographic (CTC)
images demonstrating a 6-mm polyp (arrow) identified and correctly
classified by all six observers

Fig. 4 Axial prone computed tomography colonographic (CTC)
image demonstrates a 10-mm ascending colonic polpy (arrow) not
detected by any of the six observers
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Residents identified, and then correctly dismissed, a
mean of 3.1 ROIs per case compared with 3.9 for the GI
radiologists (p=0.8). The mean number of false-positive
detections per case was 0.61 for residents and 0.45 for GI
radiologists (p=0.4). Per-patient specificity (based on the
five normal cases) was 22% and 38% for the two GI
radiologists and 38%, 27%, 13%, and 17% for the four
residents, respectively.

Data set characteristics

There was no significant interaction between the presence
of fecal residue (p=0.99), residual fluid (p=0.99), fecal
tagging (p=0.99), visualization on both supine/prone data
sets (p=0.7), or presence of diverticular disease (p=0.99) on
polyp detection. No reader detected the 7-mm flat polyp,
but at least three detected all the pedunculated polyps.

Discussion

Recent disappointing results from multicenter trials [8, 9]
have focused attention on reader training prior to interpre-
tation of CTC [15]. The need for structured tuition using
endoscopically validated cases is now generally accepted

throughout the CTC community although there remains
little evidence on which to base the length and structure of
training courses. Recent expert consensus opinion recom-
mends training should take place over 2 days, with review
of a least 40 cases that contain mixed pathology [16].
However, it is known that response to training is variable,
with some individuals actually declining in performance
after 50 cases [17]. Clearly, quality as well as quantity of
training is therefore important, and our study was designed
to investigate performance in untrained readers in an
attempt to determine basic training requirements.

As expected, we found that overall untrained reader
sensitivity was poor, but there was also quite marked
individual variation. All readers volunteered for the study
and had expressed interest in learning CTC, suggesting
reader motivation did not skew the results. It also could be
argued that we utilized a relatively difficult data set (mean
performance of the three experienced radiologists was
toward the lower limits of the published literature).
However, most polyps >6 mm and all ≥10 mm were
correctly located by the experienced radiologists during
their blinded reads, and all six novice readers performed
uniformly less well.

There was no evidence that experience in general GI
radiology held any advantage prior to training in contrast to
previous work. For example, one GI radiologist detected

Table 2 Cause of reader false negatives and distribution of regions of interest (ROIs) not corresponding to true positive detections

ROIa GI radiologist (1) GI Radiologist (2) Resident (1) Resident (2) Resident (3) Resident (4)

False negative (error of detection) 21 22 17 18 18 20
False negative (error of characterization) 2 5 3 2 2 1
Correctly dismissed 55 100 73 80 36 56
False positive 7 11 10 15 7 17

ROI region of interest, GI gastrointestinal
aFor all 20 data sets combined
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just 17% of polyps ≥10 mm compared with 83% for one
resident. Data clearly suggest there is an innate individual
capability to read CTC data sets, and this might outweigh
subspecialty experience. Indeed, there was variation in the
performance of the three experienced radiologists. CTC
interpretation is unlike “normal” CT. When utilizing a
primary 2D approach, there is a need to carefully scroll
through hundreds of images, essentially focused on a black
tube, something that can be time consuming and tedious.
These circumstances may well suit certain individuals
more than others. Indeed, previous studies comparing
resident CT performance have shown very good agreement
with experienced specialist radiologists for studies as
diverse as abdominal trauma [20], appendicitis [21] and CT
pulmonary angiography [22]. Seemingly, the same cannot
be assumed for CTC.

Errors committed in CTC can be classified as failure to
detect a lesion or failure to characterize a detected lesion
(i.e., incorrectly dismissing a polyp as colonic fold or
retained feces). We found the overwhelming majority of
missed polyps were errors of detection; i.e., lesions were
simply not seen. Using 15 experienced gastrointestinal
radiologists, Fidler et al. demonstrated that even after
training, detection errors still accounted for 55% of missed
polyps [18]. The available evidence clearly suggests simple
perceptual deficiencies are a serious problem in CTC. It
therefore follows that initial training should focus heavily
on detection technique rather than stressing lesion
characterization. In keeping with most CTC data, we
found specificity (in terms of false positives) was

considerably less of a problem than sensitivity. Indeed,
simple rules regarding lesion characterization (lesion
homogeneity, supine/prone correlation, etc.) are probably
easily learned by most radiologists. Emphasis should
therefore be on finding potential lesions within the colon,
something that may take more than a single 2-day training
course to achieve. It may also be sensible to start training
using with well-cleansed and distended data sets, but
clearly, diagnostic pitfalls such as retained fecal residue and
poor distension must be well taught. We found no
difference in reader performance using data sets with and
without fecal tagging (albeit with a relatively small number
of data sets utilizing a large volume of meglumine
diatrizoate). The use of tagging may increase polyp
conspicuity by providing greater contrast between the
lesion and surrounding colonic contents. However, in our
experience, interrogation of tagged data sets requires new
interpretative skills (e.g., it can be easy to dismiss a real
polyp because of oral contrast coating). Readers of CTC
must become familiar with both tagged and nontagged data
sets although when in any training program tagged data
should be added remains unclear. It would be interesting to
investigate the influence of fecal tagging on novice reader
performance using a larger number of data sets.

Circulation of anonymized annotated data sets (either by
mail or via online Web sites) to be reviewed prior to course
attendance may help improve basic interpretation, leaving
face-to-face tuition to focus on those aspects best demon-
strated in a workshop environment. Interestingly, we found
one reader (with the lowest sensitivity for ≥10 mm lesions)
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Fig. 6 Distribution of reader false negatives for polyps ≥6 mm, classified according to the proportion of errors of detection and
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had proportionally more errors of characterization than the
other readers, suggesting a slightly different training
emphasis would be required. Whether a test set of cases
should be sent to course participants prior to attendance to
assess baseline performance and perhaps allow more
individualized hands-on training is an interesting proposi-
tion and may be increasingly practical with Web-based
learning forums.

If CTC is to remain robust once disseminated, this
problem of perceptual misses must be addressed both
during training and in subsequent day-to-day clinical
practice. One possible solution is use of primary 3D
interpretation. Our study used primary 2D, which, although
at present is likely more time efficient than 3D, may
nevertheless be more challenging to untrained readers.
Pickhardt et al. have strongly advocated use of primary 3D
interpretation [23], and recent abstract data suggests
improved performance compared with 2D for untrained
readers [24]. It does, however, seem precipitant to suggest
primary 2D read should be abandoned in future training
programs. Basic 2D skills are essential for problem solving
of 3D findings, and indeed, CTC examinations performed
with reduced bowel preparation [25–27] may well demand
primary 2D analysis. It therefore seems mandatory that
novice readers must be trained in both 2D and 3D analysis,
and perhaps both methods should be used in full as the
technique is being learnt.

Double reporting may also improve CTC performance.
This has obvious manpower implications, but there is
increasing evidence that nonradiologists can be trained to
adequate standards, potentially acting as the second reader
[28]. Radiographic technicians performing the CTC studies
may be best placed to fulfill this role, providing adequate
supervision by a radiologist experienced in CTC.

Finally, increasingly reliable computer-aided detection
(CAD) systems are now becoming available [29–33].
Preliminary data suggests a combination of 2D with CAD
has equivalent sensitivity to primary 3D interpretation [34],

and workstations combining CAD with 3D rendering are
imminent at the time of writing. The high prevalence of
detection errors in both novice and trained readers makes
CAD an intuitively attractive proposition although studies
examining the actual impact on reader performance are in
their infancy.

Our study does have weaknesses. We deliberately used
both tagged and nontagged data sets. Although we found
no evidence that tagging influenced reader performance
(even when combining the six readers), it is possible the
smaller number of data sets used could mask an effect. We
used two GI radiologists and four residents, and these
readers may not be representative of their respective groups
in the wider radiological community. We did not
investigate reading times, which was a deliberate decision
made so readers did not feel time pressured, which may
have skewed their underlying performance. It is clear that
readers must spend adequate time reviewing data sets when
learning the technique. We cannot be sure readers did not
see polyps yet fail to circle them (i.e., incorrectly producing
errors of detection rather than characterization). However,
all reader ROIs were saved by the software, and readers
were under strict instructions to record every potential
abnormality. Unlike Gluecker et al. [35], we found no
influence of data set quality on polyp detection. This may
be because the study was underpowered to detect such
differences, but perhaps more importantly, we chose well-
cleansed and distended cases for our test data set. The
purpose of the study was not really to address the number
of data sets required for competent performance, and this
area requires further study.

In conclusion, untrained readers perform variably when
asked to interpret CTC, but overall performance is
generally poor. Previous experience in general CT confers
no advantage. Most missed polyps are due to errors in
detection, suggesting basic training should focus heavily
on lesion detection rather than characterization.
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