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A comparison of primary

two- and three-dimensional methods

to review CT colonography

Abstract The aim of our study was to
compare primary three-dimensional
(3D) and primary two-dimensional
(2D) review methods for CT colono-
graphy with regard to polyp detection
and perceptive errors. CTcolonography
studies of 77 patients were read twice
by three reviewers, first with a primary
3D method and then with a primary 2D
method. Mean numbers of true and
false positives, patient sensitivity and

specificity and perceptive errors were
calculated with colonoscopy as a re-
ference standard. A perceptive error
wasmade if a polypwas not detected by
all reviewers. Mean sensitivity for large
(≥10 mm) polyps for primary 3D and
2D review was 81% (14.7/18) and 70%
(12.7/18), respectively (p-values
≥0.25). Mean numbers of large false
positives for primary 3D and 2D were
8.3 and 5.3, respectively. With primary
3D and 2D review 1 and 6 perceptive
errors, respectively, were made in 18
large polyps (p=0.06). For medium-
sized (6–9 mm) polyps these values
were for primary 3D and 2D, respec-
tively: mean sensitivity: 67%(11.3/17)
and 61%(10.3/17; p-values≥ 0.45),
number of false positives: 33.3 and
15.6, and perceptive errors : 4 and 6 (p=
0.53). No significant differences were
found in the detection of large and
medium-sized polyps between primary
3D and 2D review.

Keywords Colon . CT . Colon
neoplasms . Computed tomography
(CT) . Multi-detector row

Introduction

Four studies on the accuracy of CT colonography in
populations with a low polyp prevalence have reported
sensitivities for patients with large (≥10 mm) polyps that
varied from 55% to 94% [1–4]. These differences in
sensitivity may be explained by differences in bowel
cleansing regimens, scan technique and reader experience,
but also by the review procedures used, as three studies

with low sensitivity used primary two-dimensional (2D)
[1–3] techniques while the study with a high sensitivity
relied on primary three-dimensional (3D) techniques to
detect polyps [4]. The fact that in the study by Johnson et al
at least 34% (20/59) of the missed large polyps were
perceptive errors [1], i.e., polyps detected by some, but not
all, observers may indicate that the employed primary 2D
visualization technique is suboptimal. Several other factors
may contribute to perceptive errors such as poor bowel
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preparation and reader fatigue; factors that concern both
primary 2D and primary 3D review methods.

As yet many investigators have developed methods to
review CT colonography and tested these in small patient
groups or phabtoms [5–13]. Despite the small body of
evidence, the majority of CT colonography researchers use
primary 2D reviews, probably based on practical grounds
such as long review time and high computer requirements
associated with 3D review. Newer primary 3D visualiza-
tion methods, however, lack these disadvantages [4, 12,
13]. Although the review method employed for CT
colonography may be very relevant for reasons mentioned
above, to our knowledge no data exist on a comparison of
the widely used primary 2D review method with a primary
3D review method.

The purpose of this explorative study was to compare the
commonly used primary 2D review to a comprehensive
primary 3D review in terms of sensitivity, specificity, and
perceptive errors. A subsidiary aim was to compare inter-
observer agreement and review time.

Materials and methods

Study design

We compared the sensitivity, specificity and perceptive
errors between primary 2D and 3D evaluation in a paired
design using three observers. A perceptive error was
considered to be made if a polyp was detected by one or
two observers, but not all three observers. We used a
random sample of patients that had participated in an
accuracy study of 3D CT colonography with colonoscopy
(reference standard) [14]. After an interval of at least three
months all three reviewers evaluated the same patients with
a primary 2D review method.

Patients and setting

As this study is to our knowledge the first to compare a
primary 3D with a primary 2D review method, we were not
able to perform a meaningful pre-study sample size
calculation. Therefore we performed an explorative study
and for practical reasons initially aimed to use 80 patients.
As we expected that approximately 10% of patients would
drop out due to insufficient bowel preparation and
examination quality, we randomly selected 88 out of the
entire, original patient group (n=288). This was done using
a computer algorithm written by the physicist [H.W.V.].

We excluded four patients in whom the bowel prepara-
tion was insufficient, six patients in whom one or more
colon segments were not visualized due to poor distension
as qualified by the research fellow not involved in the
reading of CT colonography [R.E.V.G.], and 1 patient in
whom both bowel preparation and CT colonography were

of poor quality. In 77 patients the bowel preparation, CT
colonography and colonoscopy succeeded.

These patients were scheduled to undergo a colonoscopy
at the endoscopy departments of the Academic Medical
Center and the Slotervaart Hospital of Amsterdam because
of a personal or family history of colorectal polyps or cancer
(increased risk) and were included between October 29,
2000 and September 25, 2002.

The exclusion criteria, bowel preparation and the CT
colonography and colonoscopy procedure are described in
detail elsewhere [14].

In short, bowel preparation consisted of four liter
polyethylene glycol electrolyte solution (KleanPrep; Helsinn
Birex Pharmaceuticals, Dublin, Ireland) prior to CT
colonography and colonoscopy. CT colonography was
performed on a four-channel multislice CT scanner (Philips
Mx8000, PMS, Best, the Netherlands) with 120 kV, 25–
100 mAs, 4 * 2.5 mm collimation and 3.2 mm section
thickness. On the same day, patients underwent colonoscopy.

CT colonography data evaluation

Training in review of CT colonography

Training in the evaluation of CT colonography at our
department comprises the evaluation of a complete CT
colonography examination of a set of 31 patients after an
introduction on the software (hands-on). In this introduc-
tion we emphasized the prone and supine correlation
(especially for the primary 2D review), need for focused
scrolling and use of 2D and 3D problem solving. Sixteen
of these patients harboured 41 polyps (size range 1–
20 mm) and 15 patients did not harbour polyps. The
results of the evaluations are then checked and feedback
is provided by an expert reader [R.E.V.G.] with use of
the videotaped colonoscopic examinations. Prior to the
primary 3D review all reviewers received this training
with the primary 3D display mode, and prior to the
primary 2D review all reviewers were trained again using
the primary 2D display mode. All reviewers received the
same instructions for data review given by a CT
colonography investigator [R.E.V.G.] evaluated 50 2D
cases and verified 3D and 2D images of >300 CT
colonography examinations against colonoscopies). No
feedback was provided during the training, and there was
no testing standard.

Review methods

Primary 3D evaluation

The primary 3D review method, using unfolded cubic
projections (PMS, Best, the Netherlands), is illustrated in
Fig. 1. This review method was developed to maximize
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the area of the colon surface that is visualized and was
previously validated . With this display method, endo-
scopic views consisting of pre-processed 3D cine loops
were reviewed for the presence of polyps. The pre-
processing of a supine and prone 3D cubic cine loop,
including the semi-automatic planning of a centreline path
and the rendering of the 3D images, took approximately
45 minutes per patient.

The interface enables one to directly view additional
2D axial and multiplanar reformatted images of suspected
lesions. Thus, the detection of polyps was primarily based
on the 3D images and was supported by additional 2D
axial and multiplanar reconstructions (MPR) images.
Lesion size was measured on the zoomed 2D images as
this was easier to do on this software version.

Of each patient, first the supine and then the prone data
set was reviewed. During the primary 3D review of the
supine and prone position, images of the other position
were not available.

Primary 2D evaluation

The primary 2D review method is illustrated in Fig. 2.
This review method was designed to correspond with
widely available software. The data were primarily
reviewed two-dimensionally, using black-and-white
zoomed transverse and MPR CT images with a window
of 1200 and a level of −50. To further elucidate suspected
findings, 3D displays could be viewed. The overview

Fig. 1 The figure displays the primary 3D review method, using the
unfolded cubic projection [12]. This method consists of projections
of the colon wall on a cube that is centred on a path through the
colon lumen. The sequence of unfolded cubes was shown as cine
images in one direction. The arrow indicates a 15 mm adenomatous
sigmoid polyp. This primary 3D method also comprises 2D axial
(left upper corner) and MPR images for problem solving (second 2D

image from the left). The 3D image in the lower left corner focuses
on the abnormality of interest and the overview image indicates the
position of the virtual camera. Because the scan was obtained with
low mAs settings a considerably noise level is visible in this pelvic
colon segment. Readers are encouraged to view the primary 3D
review demo at http://www.qi.tnw.tudelft.nl/~frans/primary3d_com
pressed.avi; the compressed file is 1 Mb

1183

http://www.qi.tnw.tudelft.nl/~frans/primary3d_compressed.avi
http://www.qi.tnw.tudelft.nl/~frans/primary3d_compressed.avi


image enabled the location of the reviewed planes relative
to the colon. Thus, the detection of polyps was primarily
based on the 2D images and was supported by additional
3D endoluminal images. Lesion size was measured on the
2D images.

Of each patient, first the supine and then the prone data
set was reviewed. During the primary 2D review of the
supine and prone position, the other position was available.

All 3D images used in the primary 3D and primary 2D
review mode were volume rendered with a threshold of
−750 Hounsfield Unit (HU) and a ramp of 80 HU. The
evaluation was performed on an EasyVision workstation
(software version 4.3, Philips Medical Systems, Best, the
Netherlands).

If the reader detected a lesion during the primary 3D and
primary 2D review, he was instructed to take snapshots
(3D, 2D and position on overview image) and annotate the
centreline path positions (with primary 3D review), colon
segment and size of the lesion. No additional readings were
performed and no additional instructions were given for the
detection of flat lesions or extra-colonic findings.

The median interval between the primary 3D and the
primary 2D review sessions for reviewer 1, 2 and 3 was
65 weeks (inter-quartile range (IQR) 41–92), 45 weeks
(IQR 39–48), and 37 weeks (IQR 32–41), respectively.
For observer one [C.Y.N.] the primary 3D review took
place prior to the conception of the research questions, thus
these data were used retrospectively.

Fig. 2 The figure displays the primary 2D review method, with the
patient in the prone position. The arrow indicates a 15 mm sigmoid
adenomatous polyp (same as in Fig. 1). The primary 2D method also
comprises 2DMPR images (left lower corner) and, if necessary for the
solving of problems, endoluminal 3D images (right lower corner). The
CT scan of the opposite position, which can be used to check whether
or not a polyp is visualized in the second CT scan in the opposite

position, is displayed in the right upper corner. The overview images
demonstrate the level of the image sections, the upper one representing
the scan in the left upper corner and the lower one representing the scan
in the right upper corner. Readers are encouraged to view primary 2D
review demo at http://www.qi.tnw.tudelft.nl/~frans/primary2d_com
pressed.avi; the compressed file is 1 Mb
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Reviewers

Three observers, with different levels of experience
reviewed all data. The experience described below does
not include the training cases.

Reviewer 1 [C.Y.N.] is a radiologist with 9 years of
experience in abdominal radiology. As abdominal radiol-
ogist he has read over 9000 abdominal CT examinations.
He had read 50 different 3D-CT colonography cases prior
to this study, and he had no experience with primary 2D
reading of CT colonography.

Reviewer 2 [J.F.] is a medical doctor and works at our
department as a research fellow, prior to his training in
Radiology. In the framework of our colonography research
project, he has attended approximately 50 colonoscopy
examinations, and has compared 50 CT colonography (2D)
cases with videotaped colonoscopy examinations in a face-
to-face manner. He has no experience with the review of
abdominal CT examinations other than CT colonography.
Besides the training, he has read 30 different 3D-CT
colonography cases prior to the start of this study in the
framework of a different study.

Reviewer 3 [S.J.] is a first year radiology trainee. This
reviewer had no previous CT experience besides the
training in primary 3D and 2D review. The primary 3D
review by this reviewer took place at the end of his
rotations as a medical student. After the primary 3D
reading he started his training in Radiology, in the first year
of which he performed the primary 2D review.

Determination of lesion status

A polyp detected at CT colonography was labelled as a
true positive based on three criterions: first, the segmental
location of the CT colonography finding corresponded
with the segmental location as indicated on the case
record form, or the adjacent segment; second, the polyp
size as estimated by the endoscopist corresponded with
the CT colonography measurement (margin of error:
3 mm for polyps <6 mm, and 5 mm for polyps ≥6 mm);
and third, its appearance closely resembled that of the
corresponding polyp at the videotaped colonoscopy. The
lesion status was determined by a CT colonography
researcher not involved in the reading of cases [R.E.V.G.].
Details concerning the determination of lesion status are
described elsewhere [14].

Outcome parameters

To investigate differences between primary 2D and primary
3D review methods, we used the per polyp sensitivity, the
number of false positives and the number of perceptive
errors as main outcome parameters. Additionally we
calculated patient sensitivity and specificity. These out-

come parameters are detailed below. The outcome pa-
rameters were analyzed according to cut-off values of 6 and
10 mm. Additionally we stratified the mean polyp sensi-
tivity according to polyp morphology and histopathology
(thresholds < 6 mm, 6–9 mm, ≥10 mm). The morphology
of polyps was classified as pedunculated when a stalk was
present. A polyp was considered to be flat if its height was
less than half the diameter of the lesion. In our data, these
flat lesions were generally lower than 4 mm. The remainder
of polyps was classified as sessile.

Polyp sensitivity: the number of true positive polyps (CT
colonography), relative to the number of polyps (colonosco-
py).

False positive findings: CT colonography findings that
did not match with colonoscopic polyps.

Perceptive error: if a (true positive) polyp was identified
by at least one reviewer with either the primary 2D or 3D
review method, but not by all reviewers, a perceptive error
was considered to be made.

Patient sensitivity: the number of patients with at least
one true positive lesion (CT colonography) relative to the
number of patients with polyps (colonoscopy). For the
polyp size thresholds a patient was considered to be true
positive if at least one polyp in the respective size range was
detected, and false negative when no true positive polyps or
only those of a smaller size category were detected.

Patient specificity: the number of patients without false
positive findings (CT colonography) relative to the number
of patients without polyps (colonoscopy). For the polyp
size thresholds, a patient was considered true negative if,
for example, patients without polyps ≥6 mm had no false
positive findings ≥6 mm, respectively.

Inter-observer agreement was determined by analyzing
the findings per segment. Reviewers were considered to
agree if they both recorded one or more lesions in the same
segment, or if both recorded no findings. Kappa (κ)-
statistics with 95% confidence intervals were calculated.
The κ-values were interpreted as follows: κ<0.20, poor
agreement; κ=0.21–0.40, fair; κ=0.41–0.60, moderate;
κ=0.61–0.80, good; κ=0.81–1.00, very good.

Review time, defined as the time needed to review a
complete (supine and prone) CT colonography examination,
was measured with a stopwatch by the reviewers. The review
time did not include the time required to pre-process the 2D
and 3D images because these procedures can be performed
semi-automatically and require no reviewer interaction.

Statistical analysis

Individual differences in polyp sensitivity, patient sensi-
tivity and specificity between the primary 2D and 3D
review method were assessed with the McNemar test for
paired observations. With the same test the differences in
the number of perceptive errors between primary 2D and
3D were assessed.
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To assess the potential effect of increasing experience on
polyp detection we compared polyp sensitivity, after
stratification for polyp size, between the first 39 cases
and the second 38 cases for both review methods in all
observers (two-sided Mantel–Haenszel test).

Differences in review time were assessed with a paired
student-t test.

P-values < 0.05 were considered statistically significant.
SAS software version 8.2 (SAS Institute, Inc., Cary, NC,
USA) was used for the McNemar’s test in the assessment
of the differences in perceptive errors. SPSS 11.0 for
Windows (SPSS Inc, Chicago, Illinois, USA) was used for
all other tests.

Results

Study population

The study population consisted of 39 men and 38 women.
Their mean age was 54 years (standard deviation (SD) 12;
range 29–81 years). Three and 29 patients were examined
for their family history of colorectal polyps or cancer
respectively. Thirty-two and 13 patients were examined for
their personal history of colorectal polyps or cancer
respectively. In total three patients had mild abdominal
symptoms (one diarrhoea, one mild abdominal pain, one
constipation).

Forty-six patients previously had undergone colonosco-
py, and a median of 31 months (IQR 16–51 months) had
elapsed between the previous and present colonoscopy.

Colonoscopic findings

A total of 179 polyps were detected: 18 were large (mean
size 13.4 mm, SD 5.8 mm and range 10–30 mm), 17
medium (mean size 6.9 mm, SD 0.9 mm, range 6–9 mm),
and 144 small (mean size 2,6 mm, SD +−1.1 mm, range 1–
5 mm). These polyps were found in 44 (57%) out of 77
patients; in 14 (18%) patients the largest polyp was
≥10 mm, in 21 (27%) patients the largest polyp was
≥6 mm.

CT colonography

Polyp sensitivity and numbers of false positive
findings

Mean values of sensitivity and numbers of false positive
findings are listed in Table 1, and the individual results are
displayed in Appendix 1. With the primary 3D review
method the observers detected on average 81% of large
lesions and with the primary 2D review method this value
was 70% (p≥0.25 for all reviewers). With the primary 3D
review method 67% of medium-sized lesions were detected
and with the primary 2D review this value was 61% (p≥0.45
for all reviewers). With the primary 3D review method, the
observers detected on average 31% of small lesions and with
the primary 2D reviewmethod this value was 22% (p<0.001
for reviewer 2 and p>0.07 for the other reviewers).

Table 2 demonstrates the mean polyp sensitivity
according to histology and morphology. Differences in

Table 1 Table displays mean
number of true and false posi-
tive findings, and true negative
findings for the primary 2D and
3D review method in 77 patients
averaged over three observers

Mean sensitivity or mean spec-
ificity is given in the parenthe-
ses. CS (colonoscopy) numbers
indicate polyps and patients
with polyps (in patient sensitiv-
ity) and patients without polyps
(in patient specificity).
*, by definition no colonoscopic
findings.

Parameter CS CT colonography

3D 2D

Per polyp
True positive findings (sensitivity)
<6 mm 144 45.3 (31) 31.3 (22)
6–9 mm 17 11.3 (67) 10.3 (61)
≥10 mm 18 14.7 (81) 12.7 (70)
False positive findings*
<6 mm – 130.0 52.0
6–9 mm – 33.3 15.6
≥10 mm – 8.3 5.3
Per patient
True positive findings (sensitivity)
Any size 44 29.3 (67) 22.3 (51)
≥6 mm 21 16.7 (80) 16.0 (76)
≥10 mm 14 12.7 (91) 11.0 (79)
True negative findings (specificity)
Any size 33 9.7 (29) 19.0 (58)
≥6 mm 56 40.0 (71) 45.0 (80)
≥10 mm 63 58.3 (93) 59.3 (94)
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detection rates of adenomatous and non-adenomatous
lesions between the primary 3D and 2D review method
was related to size: observer two detected more small
adenomatous and non-adenomatous lesions with primary
3D than with primary 2D.

Figure 3 gives examples of polyps that were missed at
primary 3D review but detected at the primary 2D review,
and vice versa.

We found no evidence that the detection of polyps was
poorer in the first 39 cases compared to the second 38 cases
for either review technique, with p-values for all reviewers
above 0.13.

The mean number of false-positive findings was higher
with primary 3D review than with primary 2D review in
every size category (Table 1). The number of large false
positives was 60% higher for the primary 3D review (8.3
versus 5.3 for primary 3D and 2D, respectively).
Approximately twice as many medium-sized (33.3 versus
15.6) and small false positives (130.0 versus 52.0) were
found with primary 3D compared with primary 2D
review.

Patient sensitivity and specificity

Mean patient sensitivity and specificity are listed in Table 1
and the individual results are displayed in Appendix 1. No

significant differences between primary 3D and 2D review
were observed for the correct identification of patients with
polyps ≥10 mm and ≥6 mm (p≥0.25 for all reviewers).
When all patients with polyps were analyzed regardless of
polyp size, only observer one had a statistically higher
sensitivity with primary 3D review than with primary 2D
review (p=0.01).

The mean specificity for the identification of patients
without polyps ≥10 mm or those without polyps ≥6 mm
did not differ statistically significant between the primary
3D and 2D review method (p≥0.09 for all reviewers).
When patients without any polyp, regardless of size were
concerned observer one and two had a significantly higher
specificity with primary 2D than with primary 3D review
(p<0.01; Table 1).

Perceptive errors

For the 18 colonoscopically proven polyps ≥10 mm,one
perceptive error was made with primary 3D review
whereas for primary 2D this number was 6 (p=0.06;
Table 3 and Appendix 2). For medium-sized polyps no
significant difference was observed between primary 3D
and 2D review (p=0.53; Appendix 2). For small polyps
significantly less perceptive errors were made with the
primary 3D review method (p<0.01; Appendix 2).

Table 2 Table displays the
number of true positive find-
ings according to histology and
morphology for the primary 3D
and 2D review in 77 patients

CS numbers indicate polyps. Of
59 small, three medium-sized
and three large polyps histology
could not be obtained.
*Non-neoplastic polyp histolo-
gy include: hyperplasia, inflam-
mation, minor reactive changes
and lipoma.

Parameter size (mm) CS CT colonography

3D 2D

Histology
Adenomas
True positive findings (sensitivity)
<6 35 11 (31) 6 (17)
6–9 6 3.7 (61) 3.7 (61)
≥10 10 7.7 (77) 7 (70)
Nonneoplastic*
<6 50 17.3 (35) 10.7 (21)
6–9 8 4.7 (58) 5 (63)
≥10 5 4 (80) 3.3 (67)
Morphology
Sessile
<6 110 40.3 (37) 29.3 (27)
6–9 11 7 (64) 6.7 (61)
≥10 10 10 (100) 8.3 (83)
Pedunculated
<6 4 1.3 (33) 0 (0)
6–9 4 3.3 (83) 3.3 (83)
≥10 4 4 (100) 3.6 (92)
Flat
<6 30 3.7 (12) 2 (6)
6–9 2 1 (50) 0.3 (17)
≥10 4 1 (25) 0.7 (17)
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Inter-observer agreement

The kappa values for the primary 3D review method were
good (Table 4). For the primary 2D method all values were
moderate to good.

Review time

With the primary 3D review method, reviewers one, two
and three had a mean review time of 14′57″ (SD 4′23″),
14′38″ (SD 7′40″) and 13′08″ (SD 3′40″), respectively.
With the primary 2D review method, reviewers one, two
and three had a mean review time of 12′35″ (SD 5′02″),
12′43″ (SD 4′07″) and 11′28″ (SD 3′27″), respectively.
For all three reviewers, review times were significantly
shorter for the 2D evaluation methods (p≤0.01).

Fig. 3 Two examples of a missed lesions with primary 2D review
(images a–c) and with primary 3D review (images d–f) of CT
colonography. The first polyp (a, b and c) was a 1.5 cm
tubulovillous adenoma in the cecum that was missed with the
primary 2D method (b) by two of three reviewers, but was detected
with the primary 3D method (c) by all reviewers. On the 2D image,
this polyp may be misinterpreted as a fold (b, arrow). The second

polyp (d, e, and f) was a 7 mm polyp in the ascending colon of
another patient (histopathology: minor reactive changes, no hyper-
plastic or adenomatous polyp) that was missed with the primary 3D
method (f) by all reviewers, but was detected with the primary 2D
method (e) by two out of three reviewers. On the 3D image this
polyp may be overlooked as it is closely packed between folds (f,
arrow)

Table 3 Perceptive errors in polyps larger than or equal to 10 mm

#
polyps

#
detected
by all

# detected by
two observers*

# detected by
one observer*

#
detected
by none

Primary
3D

18 14 1 0 3

Primary
2D

18 9 5 1 3

The numbers indicate polyps. Note that observations of polyps that
are detected by some, but not all observers are considered
perceptive errors (*). With the primary 2D review method, 5
polyps were missed by one observer and 1 polyp was missed by
two observers, whereas for the primary 3D review method, only 1
polyp was missed by one observer (McNemar’s test, p=0.06). The
three polyps detected by none of the observers were the same
polyps for both methods.
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Discussion

The sensitivity for the detection of large polyps did not
differ significantly for the primary 2D and 3D review
methods, although with this last review method more large
polyps were detected by all observers. In other words, less
perceptive errors were present for polyps in this size
category for the primary 3D review method. However, the
difference was not large enough to reach statistical
significance (p=0.06). For medium-sized polyps as well,
no statistically significant differences in sensitivity and
perceptive errors were observed between the review
methods.

With primary 3D review a higher number of false
positive findings were found, especially in the 6–9 mm and
<6 mm range. A major cause of false positive findings is
the misinterpretation of residual stool. An explanation for
the difference between the primary 2D and 3D review
method may be that with the former, the supine and prone
CT data set are available at the same time. Although polyp
mobility may not be used as a sole criterion for the presence
of stool [15], comparison of prone and supine datasets may
help to reduce false positive results [16]. It is noteworthy to
mention that at present several 3D software packages,
including the newer version of the one used in this study,
enable the matching of lesions in the prone and supine
position. The use of oral contrast agents [17] and scanning
with thinner slices [18] are two other measures that may
reduce the number of false positive findings. Another
explanation for the lower number of small (≤5 mm) false
positive results for the primary 2D review may be that
small colon wall abnormalities are simply not seen with
axial interpretation, and thus not reported.

If patients with large polyps are being screened for
colorectal cancer, specificity for primary 3D and 2D
review are similar. However, if smaller lesions are to be
detected, primary 3D review will yield considerably more
false positive results than primary 2D review, and

considerably more unnecessary colonoscopies would
have been triggered.

Review times were approximately 2 minutes longer for
the primary 3D review than for the primary 2D review.
Although this is a small difference, it was statistically
significant. It is unclear whether such a difference will have
clinical consequences. It is worth noting that the least
experienced reviewer (reviewer 3) read the cases 1 to 2
minutes faster than did reader 1 and 2, with both review
methods. We do not know the cause of this fact, but as this
difference is small and his performance is similar to that of
reader 1 and 2, we do not expect it to have had major
consequences for accuracy.

Virtual endoscopy fly-through review was infamous for
its long review times [10], and has as yet not been
demonstrated to result in higher accuracy results than
primary 2D review. Several studies demonstrated, however,
that alternative, comprehensive 3D review methods result
in considerable shorter interpretation times than conven-
tional fly-through virtual endoscopy review [12, 13]. To our
knowledge, at the present moment the literature on methods
to review CT colonography [5–13] does not comprise
reports on a comparison of a primary 3D review method
with a primary 2D review method. Such a comparison is,
however, entirely relevant as review methods are being
debated for their potential role in the explanation of
discrepant results in four large studies on CT colonography
in low polyp prevalence patient groups [1–4].

At present computer-aided detection (CAD) is under
investigation in many institutions [19–21], and in the
future CAD most likely will be used as an adjunct to the
human observer. A recent study [20] found that primary 2D
analysis supplemented by computer assisted reader (CAR)
software is quicker than and as sensitive as the primary
standard 3D fly-through method for polyp detection during
CT colonography. As their data suggest that primary 3D
review may be superior to primary 2D analysis, in
concordance with ours, it can be expected that the
combination of CAR software with a primary 3D analysis
may be more productive. First however, the test character-
istics of primary 2D and primary 3D review must be
determined in larger studies that have sufficient power to
find significant results.

In a study by Pickhardt, sensitivity for the identification
of patients with large adenomas using a primary 3D review
mode was 94% paired for a specificity of 96% [4]. Three
other studies, in which a primary 2D review mode was
used, yielded lower sensitivity for the identification of
patients with large polyps: 55–64%, paired for a specificity
of 95–96% [1–3]. Differences in review methods have
been raised as one of the potential causes of these
discrepant results. Other factors that probably contributed
to the observed differences in sensitivity are differences in
bowel preparation (addition of contrast agents [4] or not
[1–3], the colonoscopy verification method (segmental
unblinding [2–4] or review of video [1]), the scan

Table 4 The table lists the κ-values

Kappa 95%-CI

Primary 3D
–reviewer 1 and 2 0.73 0.66–0.80
–reviewer 1 and 3 0.68 0.60–0.76
–reviewer 2 and 3 0.65 0.58–0.73
Primary 2D
–reviewer 1 and 2 0.60 0.50–0.70
–reviewer 1 and 3 0.62 0.52–0.72
–reviewer 2 and 3 0.62 0.52–0.72

These values were interpreted as follows: κ<0.20, poor agreement;
κ=0.21–0.40, fair; κ=0.41–0.60, moderate; κ=0.61–0.80, good;
κ=0.81–1.00, very good.
95%-CI, 95% confidence interval.
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technique (thin slice state [3, 4] or 5 mm collimation [1])
and experience. The present study in 77 patients was not
able to demonstrate a statistically significant difference in
perceptive errors of medium-sized and large polyps
between primary 3D review and with primary 2D review,
which indicates that the use of different review methods in
these large studies [1–4] is probably not a major factor.

A number of limitations of the present study must be
considered.

The present explorative study was designed to give
insight in the test characteristics of primary 3D and
primary 2D review methods. Because it was, to our
knowledge, the first study to compare these review
methods, we were not able to perform a meaningful pre-
study sample size calculation. The relatively low number
of large polyps may have prevented finding statistically
significant differences between the primary 3D and
primary 2D method. The results of future studies should
be awaited whether they confirm the order of magnitude of
the difference between the two review methods that were
found in the present study; the observed difference in our
study can therefore serve as a useful starting point to
perform sample size calculation while designing these
future studies.

Flat adenomas, which may have a higher risk to contain
dysplastic tissue [22], are well known to be difficult to
detect with CT colonography. Several investigators have
suggested that detection of such lesions should preferably
be done with 2D review methods [23]. We did not observe
differences in the detection of flat lesions with 2D and 3D
review but as our study contained only six flat polyps
≥6 mm, we were not able to draw conclusions from this
finding.

We employed a commercially available 3D review that
provides comprehensive display of the luminal surface
(99.5%, [12]), but because this method is not used
widely, the external validity is limited. To some extent
these results may be applicable to other 3D software
packages that enable evaluation of the entire bowel
surface by indicating unseen parts, or by alternative,
comprehensive review methods such as virtual dissection
[11, 13].

In the present study a four-channel multidetector CT
scanner is used. With current state-of-the-art CT scanners

(64 slices), we would have been able to scan with thinner
slices. This might have resulted in improved specificity
[18] and sensitivity.

The effect of other developments, such as use of low
dose scan technique [24] or the use of oral or intravenous
contrast agents [17, 25, 26] on the use of primary 3D and
2D review techniques have not been addressed in the
present study and remain subjects for future studies.

Ideally the order of review methods would have been
randomised in addition to the employed temporal separa-
tion of the reading sessions. As the primary 3D data of
reader 1 were used retrospectively, and we wanted to
employ the same study procedures for all three reviewers,
reader two and three also firstly read the data with the
primary 3D and subsequently with the primary 2D method.
This may have been slightly in favour of the primary 2D
review method.

Reviewers one and two had a variable experience with
2D and 3D review techniques. It is unlikely, however, that
they both detected fewer polyps with primary 2D than with
3D review due to unequal 2D and 3D experience for two
reasons: firstly reviewer one had extensive 2D CT
experience as an abdominal radiologist, a known distinct
advantage for the evaluation of primary 2D CT colono-
graphy [27]. Secondly, reviewer two had matched 50
colonoscopy videos with 2D CT colonography datasets
which, as we assume, may be considered as an extensive
learning process in the CT colonographic appearances of
colonoscopic polyps.

We conclude that the present explorative study demon-
strates no significant difference in the detection of medium-
sized and large polyps between primary 3D and 2D review
methods. This may indicate that the review method
employed for CT colonography, primary 3D or primary
2D, is probably not a major cause of the discrepant results
of recently published accuracy studies [1–4]. Culprits that
might play a more important role in this respect are
differences in reader training, experience, bowel prepara-
tion and scan technique.

Acknowledgments Grant support: ZONMW (the Netherlands
Organization for Health Research and Development) nr: 2100.0059.
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Appendix 1

Appendix 2

Table displays the number of true and false positive findings, and true negative findings for the primary 2D and 3D review method in 77
patients, for three observers separately

Parameter CS CT colonography

Reviewer-1 Reviewer-2 Reviewer-3

3D 2D 3D 2D 3D 2D

Per polyp
True positive findings (sensitivity)
<6 mm 144 50 (35;27–43) 39 (27;21–35) 48 (33;26–41) 26 (18;13–25) 38 (26;20–34) 29 (20;14–27)
6–9 mm 17 12 (71;47–87) 10 (59;36–78) 13 (77;53–90) 10 (59;36–78) 9 (53;31–74) 11 (65;41–83)
≥10 mm 18 15 (83;61–94) 12 (67;44–84) 15 (83;61–94) 13 (72;49–88) 14 (78;55–91) 13 (72;49–88)
false positive findings
<6 mm – 133 41 164 64 93 51
6–9 mm – 39 20 32 13 29 14
≥10 mm – 3 4 10 5 12 7
Per patient
True positive findings (sensitivity)
Any size 44 31 (71;56–82) 22 (50;39–64) 30 (68;53–80) 23 (52;40–69) 27 (61;47–74) 22 (50;39–64)
≥6 mm 21 17 (81;60–92) 14 (67;45–83) 18 (86;65–95) 17 (81;60–92) 15 (71;50–86) 17 (81;60–92)
≥10 mm 14 13 (93;69–99) 10 (71;45–88) 13 (93;69–99) 11 (79;52–92) 12 (86;60–96) 12 (86;60–96)
True negative findings (specificity)
Any size 33 8 (24;13–41) 21 (64;47–78) 10 (30;17–47) 18 (55;38–70) 11 (33;20–50) 18 (55;38–70)
≥6 mm 56 38 (68;55–79) 44 (79;66–87) 39 (70;57–80) 46 (82;70–90) 43 (77;64–86) 45 (80;68–89)
≥10 mm 63 61 (97;89–99) 61 (97;89–99) 56 (89;79–95) 60 (95;87–98) 58 (92;83–97) 57 (91;81–96)

Sensitivity or specificity and 95% confidence intervals are given in the parentheses. CS, colonoscopy. CS numbers indicate polyps and
patient with polyps (in patient sensitivity) and patients without polyps (in patient specificity).

Perceptive errors

Parameter CS CT colonography p-value

3D 2D

Polyp
<6 mm 144 16 41 <0.01
6–9 mm 17 4 6 0.53
≥10 mm 18 1 6 0.06

Numbers indicate perceptive errors. Differences were assessed with McNemar’s test for paired proportions.
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