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By Dr D Regge

Computer aided diagnosis in 
CT Colonography: good but 
not for all polyps

Computer-aided diagnosis (CAD) systems are soft-
ware algorithms designed to assist radiologists 
in solving a diagnostic problem by using a visual 
prompt (or “CAD mark”) to direct the observer 

towards potential pathological lesions. Such algorithms can 
either be used to help pinpoint areas of disease or to help 
interpreters decide the nature of abnormal findings. Regardless 
of the precise role in which CAD is used, the final diagnostic 
decision must always be made by the human interpreter, who 
decides whether or not to “believe” and accept the CAD marks. 

CAD IN CT CoLoNoGRAPhY 
This is attractive for two main reasons. 

Firstly, compared to lung and breast, where a spectrum 
of benign and malignant lesions may be present, the colon 
model is very straightforward. The vast majority of colon 
findings are polyps; cancer and other types of lesions are rare. 
Such a dichotomous situation, where two opposing choices 
are available, namely either normal tissue or polyp, is ideal 
for CAD systems. 

Secondly, we know that half to three-quarters of lesions 
missed by the radiologist are caused by “perceptive errors”, 
meaning that the lesions could have been detected. The rate 
of occurrence of perceptive error is affected by several fac-
tors. These include reader experience, intrinsic diagnostic 
threshold, the quality of the exam, the nature of the working 
environment and finally the lesion characteristics and mor-
phology. CAD could increase the polyp detection rate and 
could hopefully also speed up reading, especially in those 
situations where disease prevalence is expected to be low, 
such as in the average risk individual. 

Several retrospective studies have compared unassisted 
interpretation with CAD-assisted reading in polyp enriched 
populations. Typically, the design of such trials consists in 
having multiple readers review sets of CTC cases in a labora-
tory environment. The exam is interpreted twice, once with 
the aid of CAD. Readings are carried out a few weeks apart to 
avoid recall bias. CAD has been tested in many studies, either 
as a first reader, as a second reader or in simultaneous or con-
current reading. It is beyond the scope of this review to give 

the details of the results of  all these studies. Suffice it to say 
that CAD has been shown to be more accurate when used 
as a second reader — i.e. after a fully unassisted interpreta-
tion — as it increases CTC sensitivity, at the price of a small 
reduction in test specificity. Recently a multireader, multicase 
trial [4] using ROC analysis demonstrated an overall benefit 
of CAD with respect to unassisted interpretation (per seg-
ment AUC of 0.758 vs 0.737; p<0.015). 

However, the retrospective nature of these studies does 
not guarantee that the results will be reproducible in day-
to-day practice. Also, the application of this model to low 
prevalence populations could yield different results. 

PRosPeCTIve TRIAL DesIGN 
To overcome these limitations, we designed a prospective 
trial to assess the effect on sensitivity and specificity of the 
use of CAD as a second reader. The study was powered to 
detect a difference in the sensitivity of intermediate size pol-
yps, i.e. those between 6 and 9 mm. As the expected disease 
prevalence of such lesions was estimated to be around 10%, 
it was calculated that a sample size of at least 600 individuals 
would be needed. Ten Italian imaging centers participated in 
the study, with each center recruiting from 9 to a maximum 
of 285 participants. All centers were equipped with the same 
workstation (im3D, Torino, Italy) that was customized for the 
study. Readers were all experienced and, before beginning 
the study attended a 2 day course to learn how to use the 
specialized software. The workflow was as follows:

 Individuals performed full bowel cleansing. In addi-
tion, three of the ten centers, dealing with about 60% of the 
total number of cases, used a fecal tagging protocol. Patients 
underwent CTC in the morning and were then sent to the 
endoscopy unit for conventional colonoscopy which was 
performed, on average, 3 hours after CTC. In the meantime 
the radiologist carried out — unassisted — a full review of 
the imaging study, using a primary 2D paradigm and endo-
luminal 3D for problem solving. All lesions were marked 
manually, and the size and position of lesions were reported. 
In the second stage the radiologist activated the CAD algo-
rithm and reviewed the two lists of CAD prompts generated 
from the supine and prone scans respectively. All additional 
findings were also recorded as above. CTC interpretation 
was performed in a clinical environment, during a regular 
reporting session within 3 hours from completion of the 
test. Information from the CT findings were then reported 
segment by segment to the endoscopist to check for possible 
false negative findings of colonoscopy. 
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ResuLTs
Of the 651 individuals enrolled in the 
study 33 were excluded, mainly for refusal 
to accept either CT colonography and/
or colonoscopy, leaving a final population 
of 618. 

It was found that the improvement of 
CTC performance was related to lesion 
size. Sensitivity improved significantly 
for patients with only intermediate 
size polyps (from 65.4% to 76.9%; 95% 
CI:63.2%, 87.5%; P< 0.016) while the sen-
sitivity of unassisted reading and CAD-
assisted reading for patients with large 
lesions only (> 9 mm) were both 94.1% 

(CI:87.6%, 97.8%). No significant change 
in specificity was observed when CAD 
was added to CT colonography inter-
pretation. CAD-assisted reading allowed 
the identification of 10 additional polyps, 
including 9 adenomas in the 6-9 mm 
range. Interestingly, if all CAD prompts 
had been properly accounted for, CAD-
assisted reading would have reported 11 
additional 6-9 mm polyps and 6 addi-
tional >9 mm lesions [See Figures]. Al 
22 cancers were correctly detected by CT 
colonography. Finally the median read-
ing time was increased from 6.5 to 8.1 
minutes with the use of CAD. 

DIsCussIoN
This is the first study that was able to 
demonstrate the beneficial effect of CAD-
assisted CT colonography in a clinical set-
ting. It is also significant that all the addi-
tional 6 to 9 mm polyps were adenomas, 
the majority with an advanced histology. 
In this series approximately one third of 
polyps were advanced adenomas, which 
are lesions that have a higher malignant 
potential. Conversely, the fact that the 
results of unassisted and CAD-assisted 
reading were equivalent for the detection 
of large polyps is not surprising. The high 
reader sensitivity of CT-colonography for 
large lesions is well documented. 

Reading time is an additional important 
factor to consider, especially in a screen-
ing scenario, where a large work-load of 
exams needs to be reported in the short-
est possible time. Reducing reporting time 
while keeping high quality standards will 
limit costs and allow skilled radiologists 
to increase their throughput. In this trial 
CAD-assisted reading extended reporting 
time by 1.6 minutes. However, a gain of 
12 minutes was noted in reporting time 
when comparing these results to those of a 
previous trial, which largely used the same 
readers reporting solely unassisted. While 
this may be due to the use of better, more 
powerful software in the most recent trial, 
we also believe that human-CAD interac-
tions may affect the whole reading process 
positively. We have observed that the more 
the readers trust their CAD system, the 
less time they spend reading unassisted. 
But obviously this will happen only if the 
CAD scheme they use has a sufficiently 
high stand-alone performance.

Research is being undertaken to fur-
ther understand the interactions between 
radiologist and CAD schemes. Recently 
we proposed an alternative double read-
ing paradigm where CAD is the first 
reader and where the radiologist rapidly 
reviews the 2D datasets to search for large 
infiltrating or flat lesions that might have 
been missed by CAD. Preliminary results 
demonstrate that the “double reader, 
CAD first reader model” is more time-
efficient than the second reader model 
and has equivalent accuracy. We have 
therefore decided to use the “double read-
ing first reader CAD” model in a large 
randomized CT colonography screening 
trial, which will recruit nearly 3000 indi-
viduals only in the imaging arm. Other 
groups have used computer-generated 
CAD image galleries to increase read-
ing efficiency, without decreasing detec-
tion of clinically significant colorectal  
lesions [5] 

CoNCLusIoN
CAD in CT colonography is more than 
just a future promise. CAD schemes 
increase the sensitivity of CT colonog-
raphy by allowing the detection of more 
patients with only intermediate size polyps, 
without negatively affecting specificity. In 
addition, overall reading time is reduced. 
A better understanding of human-CAD 
interactions should allow determination 
of the most appropriate CAD algorithm 
in specific clinical situations and how 
reporting is affected by reader experience. 
Hopefully, answers to these aspects will 
be revealed when the results of ongoing 
screening trials are available. 
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Example of a polyp correctly prompted by CAD but 
rejected by the radiologist. A) The axial CT scan shows 
a 6 mm peduncolated polyp of the transverse colon. 
B-C) The lesion is correctly identified by CAD as shown 
on both the axial 2D image (yellow-box) and on the 
3D endoluminal view (red colour). D) The polyp was 
removed at colonoscopy performed on the same day of 
CT colonography. The radiologist was probably misled by 
the large number of untagged fecal residues having the 
same gross shape and size as the polyp. 


