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Abstract
Objectives: To evaluate the performance of a computer program designed to facilitate the detection of pulmonary nodules using multidetector 
computed tomography (MDCT) scans of the chest. Methods: We evaluated 24 consecutive MDCT scans of the chest at the Fleury Diagnostic 
Imaging Center during the period from October 7 to October 19 of 2006, using a 64-channel CT scanner. The study comprised 12 females 
and 12 males, ranging from 35 to 77 years of age (mean, 57.9 years). Double reading and a computer-aided diagnosis (CAD) system were 
used in order to perform two independent analyses of the data. The nodules found using both methods were recorded, and the data were 
compared. Results: The total sensitivity of CAD for the detection of nodules was 16.5%, increasing to 55% when nodules <4 mm in diameter 
were excluded. Sensitivity by diameter was 6.5% for nodules <4 mm, 45% for nodules of 4-6 mm, 100% for nodules of 6 mm-1 cm, and 0% 
for nodules >1 cm. More than 99% of true nodules detected by CAD were registered in the image double-reading process. Conclusions: In 
this preliminary 24-case study, the sensitivity of computer program tested was not significantly greater than that of the double-reading 
process that is routinely performed in this facility.
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struction interval, and is apparently better with 
thinner slices.(16,17)

The objective of this study was to test and 
evaluate the performance of a computer program 
designed to facilitate the detection of pulmonary 
nodules on MDCT scans, comparing it with image 
double-reading process routinely performed.

Methods

We evaluated 28 consecutive computed tomog-
raphy scans of the chest carried out at the Fleury 
Diagnostic Imaging Center during the period from 
October 7 to October 19 of 2006. Written informed 
consent was not necessary in this study, since it 
involved only the review of information previ-
ously obtained. Confidentiality of patient data was 
preserved.

We excluded four tests for including aspects that 
were considered confounding factors in the analysis 
of the computer program: one for presenting exten-
sive ground-glass parenchymal opacities; one for 
presenting consolidations; and two for presenting 
interstitial pulmonary disease.

The final database comprised 24 computed 
tomography scans of the chest performed in 
24  different patients (12 females and 12 males), 
ranging from 35 to 77 years of age (mean, 57.9; 
standard deviation, 11.1). The inclusion criterion 
for the tests was the use of a 64-channel spiral 
MDCT scanner (Brilliance 64; Philips, Best, The 
Netherlands).

All tests were performed, without intravenous 
administration of iodinated contrast material, 
at 120 kV, amperage modulated automatically 
(ranging from 120-250 mA), with a tube rota-
tion time of 0.75 s, a collimation of 0.625 mm, a 
1-mm thick reconstruction, a pitch of 1078, and a 
768 × 768 matrix. The number of images analyzed 
per patient, using a standard filter, ranged from 
239 to 391 (mean, 322; standard deviation, 39.7).

The images were first analyzed independently, 
and then in consensus, by two radiologists, each 
with at least 5 years of experience in chest radi-
ology, using Extended Brilliance Workspace, version 
2.1, workstations. They evaluated 1-mm slices 
and 3- to 5-mm thick reconstructions projected 
at maximum intensity. Multiplane reconstructions 
were performed when deemed necessary, according 
to the usual routine of the facility. Nodules found 

Introduction

Computer-aided diagnosis (CAD) appeared on 
the scene approximately two decades ago. This 
technology was initially applied to conventional 
radiology(1) and has progressively expanded to 
currently include various diagnostic modalities, with 
the aim of reducing the time spent reading tests, 
thereby increasing specificity and, principally, sensi-
tivity. The computer has the function of providing a 
second opinion to help radiologists in their interpre-
tations.(2,3) However, this tool is not (as yet) intended 
as a substitute for the physician.(1)

Its use in nodule detection on computed tomog-
raphy scans of the chest has been suggested and 
investigated since 1989(4-6) and is one of the most 
interesting.(1) This is due not only to its epidemio-
logical importance, since lung cancer is the leading 
cause of death by neoplasia in Brazil(7) and various 
other countries, but also to the fact that, with the 
advent of multidetector computed tomography 
(MDCT), the increasing number of images that 
should be analyzed make up for a slow process, 
quite susceptible to errors in detection and inter-
pretation.(8)

Most CADs developed and tested in the past 
decade were projected for spiral tomography scans 
using 5-10 mm slices.(9) In addition, sensitivity and 
specificity rates were disappointing and failed to 
reach adequate levels of acceptance and clinical 
use.(10,11) The principal problem was the partial 
volume effect, which caused the small nodules 
to  appear cystic, thereby making it difficult to 
establish a density value as the threshold for lesion 
detection.(9)

The recent evolution that followed the advent of 
MDCT allowed us to examine an entire lung using 
1-mm slices during a single inhalation (<10  s). 
Initially, its use was restricted to segmentation, char-
acterization and classification of nodules detected 
by other tests,(12-14) and it is currently also used in 
nodule detection.(15) The advantages are obvious 
when we consider the abrupt drop in the partial 
volume effect, as well as three-dimensional isotropic 
information to distinguish nodules from vessels.(9) Its 
technology and test time has significantly reduced 
the movement artifacts and increased the possibility 
of detecting small nodules. The performance of the 
CAD seems to be quite strongly associated with the 
thickness of the slice and with the image recon-
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Total sensitivity of nodule detection by CAD by 
our method was 16.5% (32 of the 194 nodules). 
Considering only nodules ≥4 mm, which corre-
spond to the theoretical detection threshold of 
the program, sensitivity of the technique was 55% 
(22 of the 40 nodules).

Sensitivity separated by size was 6.5% (10  of 
154) for nodules <4 mm, 45% (14 of 31) for nodules 
of 4-6 mm, 100% (8 of 8) for nodules of 6mm-1 cm 
and 0% (0 of 1) for nodules >1 cm (Figure 1).

Among the lesions that were not detected, we 
found a 1-cm nodule with spiculated margins, 
located in the right upper lobe, with suspicious 
characteristics of malignancy (Figure 2). Another 
patient presented an extensive 5-cm lesion in the 
right upper lobe, which also went undetected in the 
computed analysis.

The false-positives per test and per image (mean 
322 images per test) were 10.9 and 0.8, respectively. 
The ratio of false-positives to true-positives was 
8.2:1. As can be seen in Figure 3, most false-posi-
tives were small- or medium-caliber vessels (61.8%), 
hilar structures (7.3%) or opacities/consolidations 
(6.5%).

Only one true nodule (<1% of total true nodules), 
that was highlighted by the CAD, had not been 
registered by the image double reading process. It 

after the double reading, without using the CAD 
program, were registered.

Chest CT images with 1-mm reconstruction 
were then submitted to evaluation using the Philips 
Lung Nodule Assessment program, which performs 
automatic detection, without any human interac-
tion, using a solid nodule detection threshold of at 
least 4 mm. The evaluation of each test was timed. 
The nodules found were registered and evaluated 
by a radiologist with 12 years of experience in chest 
radiology. True-positives were classified as to site 
and size, and false-positives were discriminated by 
their nature.

Mean and standard deviation of reading time 
for each test were calculated using the computer 
program.

The number and size of the nodules detected 
by CAD and by consensus in the double reading 
were tabulated. The nodules detected were divided 
into four groups by diameter: <4 mm, 4-6 mm, 
6 mm-1  cm and >1 cm. The performance of the 
program was evaluated in terms of total sensitivity 
and separated by group, as well as in terms of 
false-positives, by test, by image (considering mean 
images per test) and by true-positives. The results 
were compared to those obtained using double 
reading.

Interobserver concordance of the isolated anal-
ysis of each reader was calculated using the kappa 
test.

Results

The time of analysis performed by the computer 
ranged from 2 to 4 min (mean time 2 min and 
50 s).
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Figure 1 - Graphic representation of the sensitivity of 
computer-aided diagnosis (CAD) by nodule size.

Figure 2 - Spiculated nodule not shown in the reading of 
the computer-aided diagnosis.
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Not even the sensitivity for nodules between 4 mm 
and 3 cm (55%), which are the principal target of 
CAD, was significant enough to justify the use of 
this program - nor was the shorter time of analysis 
per test (mean reading time using CAD, 2 min and 
50 s).

The mean number of false-positives per test 
(10.9), despite being within the range found in 
other studies (3-13 false-positives per CT scan of 
the chest),(21) is considerable, constituting a tiresome 
and time-consuming factor in the review of the 
data provided by the computer. The false-positives 
found were, principally, vascular structures, and are 
in accordance with those reported in the literature, 
except for the hilar structures (Figure 5), which are 
not often specifically cited.(9,19,22)

Another noteworthy finding is that the nodules 
indicated by the computer program were presented 
in apparently random order, without correlation with 
the sequence of slices, which slowed the process. In 
addition, the CAD often showed the same structure 
more than once in the same slice, or in subsequent 
slices, whether it was a true-positive or false-posi-
tive result.

was an ill-defined, 4-mm subpleural nodule, located 
in the right lower lobe (Figure 4).

The interobserver concordance of individual 
readings performed by the radiologists proved to be 
almost perfect (kappa = 0.9).

Discussion

With the advent of MDCT and its better spatial 
resolution, there is a new scenario in the detection 
of pulmonary nodules, with greater potential for 
detection, particularly of small-diameter nodules. 
However, there is great increase (approximately 7 to 
10 times) in the number of images to be evaluated: 
a single MDCT scan of the chest can produce up to 
1000 slices. Therefore, this task has become more 
tiresome, and radiologists have become more suscep-
tible to errors caused by lapses of attention and by 
what we might call ‘search fatigue’, especially when 
there are other concomitant diseases.(18,19) In this 
context, a tool such as the CAD is not only desirable 
but can also become necessary in order to prevent 
interpretation errors and their consequences.(20)

In this study, the sensitivity of the program 
tested fell short of what was expected and was not 
significantly greater than that of double reading. 
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Although a great number of nodules were eval-
uated, the sample size (24 individuals) was small, 
making it difficult to extrapolate findings, similar 
to what was observed in other studies involving the 
use of CAD with MDCT.(18,23-25)

The principal limitation of all studies of this 
type is the absence of a gold standard, since the 
findings are not confirmed histologically. Although 
interobserver concordance in the present study was 
good (kappa = 0.9), this does not necessarily reflect 
reality.

Another factor to be analyzed is that the sensi-
tivity of the CAD was compared with double reading 
performed by professionals with at least 5 years 
of experience in chest radiology. Although recent 
studies show that the CAD significantly increases 
the detection of pulmonary nodules regardless of 
the number of readers,(27-29) it might provide an even 
greater benefit in less ideal situations, in which there 
is only one reader or the professionals involved have 
less experience.(25,30) The fact that the radiologists 
were actively looking for nodules during the double 
reading process has to be considered as well, since 
it is an artificial situation that positively influences 
the sensitivity of their detection.

In this preliminary 24-case study, the sensitivity 
of the computer program tested was not signifi-
cantly greater than that of the double-reading 
process routinely performed in this facility Although 
our conclusions cannot be generalized, and despite 
the many critiques that could be made, the principal 
function of the present study might be to stimu-
late the development of future studies with larger 

The numbers regarding sensitivity and insig-
nificant impact on the reading by radiologists are 
not in accordance with those of other recent MDCT 
studies.(18,23-25) The discrepancies in the results 
obtained leave this and other recent studies open 
to some criticism.

Comparisons among the various types of CAD are 
limited by the number of variables related to differ-
ences in the equipment used, acquisition protocols, 
patient types and image quality.(9) Although there are 
proposals for a broad consensus aimed at reducing 
this variability among studies,(26) no such consensus 
has yet been reached.

A few limitations of this study are of note. There 
was a degree of bias in our sample, which comprised 
outpatients, many of whom were submitted to the 
tests as routine screening, which increases the prev-
alence of small nodules (144 of the 194 nodules 
were <4 mm), that is, below the detection threshold 
suggested for this computer program.

c2

Figure 5 - Pulmonary hilum: false-positive of computer-
aided diagnosis frequently found in our study.

Figure 4 - Detail of nodule missed in double reading 
(arrow).
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