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ABSTRACT

The objective of this study was to investigate whether the combination of short-term feedback and electronic images with
computer-aided detection (CAD) could enhance the performance of readers in identifying nodules on chest radiographs
(CXRs). A total of 140 CXRs were utilized, each subset of 35 being independently interpreted by six readers in varying
sequences. CAD was employed to evaluate the presence, location, and diagnostic certainty of nodules. Following each
subset, readers received feedback on their performance. Area under the curve (AUC) and sensitivity were calculated for
readings with and without CAD, considering the impact of time and CAD. The study reported a standalone CAD sensitivity
of 59.6%, with an average of 1.9 false-positives per image. However, despite a slight increase in AUC over time, this
enhancement was not statistically significant. Moreover, although sensitivity improved and specificity decreased over the
study period, CAD did not exert a significant influence on these outcomes. Furthermore, regarding readers' ability to
differentiate true-positive from false-positive lesions and effectively utilize CAD, the provision of short-term feedback did
not result in demonstrable improvements in their abilities. In summary, the study findings suggest that the addition of short-
term feedback alongside CAD does not significantly enhance the performance of readers in detecting nodules on CXRs or in
effectively utilizing CAD assistance.
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INTRODUCTION

Various computer-aided detection (CAD) systems
have been developed for chest radiography, exhibiting
sensitivities ranging from 34% to 78% for detecting small
focal opacities. Studies evaluating CAD's impact on
radiologists' performances have shown mixed results, with
some demonstrating significant improvements and others
showing no influence. The selection of lesions and study
groups can affect CAD system outcomes, with lesion
conspicuity influencing algorithm results. Certain studies
have shown that CAD can enhance radiologists' sensitivity
in detecting pulmonary nodules, particularly in cases where
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bronchiogenic tumors were initially missed. Additionally,
CAD has been found to be more accurate than observers in
detecting lesions that radiologists typically overlook.
However, challenges arise in distinguishing true-positive
from false-positive CAD candidates, hindering the
successful implementation of CAD systems. A lack of
experience and confidence in CAD analysis among readers
may contribute to their difficulty in effectively utilizing
CAD assistance. Training programs, ranging from 1-day
sessions to 4-week periods, have been shown to improve
reader sensitivity and CAD performance. However,
structured learning curves for CAD implementation in
chest radiography are lacking, with estimated learning
periods of around 2 years. This study aims to investigate
how short-term feedback impacts readers' confidence in
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CAD analysis and their ability to differentiate true-positive
from false-positive CAD candidates. By assessing the
interaction between readers and CAD systems, the study
seeks to elucidate strategies for enhancing the effectiveness
of CAD-assisted chest radiography interpretation.

METHODOLOGY
Population of the study

This retrospective study included 140 patients
from our institution's data archive. Patients were included
if two-view chest radiographs (CXR) and thoracic CT
shown no or a single nodular opacity within six weeks of
the chest radiograph. Axial CT images showed nodules
ranging in diameter from 5 to 15 mm and without
calcifications. There were 140 patients with a single CT-
proven nodule and 84 controls. The CXR excluded those
with multiple nodular opacities or pathological features.
The study has been approved by the Ethics Committee and
informed consent has been waived due to its retrospective
nature.

Nodules in lungs

A thoracic CT served as the reference standard
and revealed a single nodular opacity in 56 patients. In
consensus, the degree of conspicuity of the CXR lesion
was determined by a board-certified chest radiology
specialist and an unrelated research resident.

Acquiring images

CXRs were acquired digitally using a chest stand
that was specifically designed for this purpose. The non-
linear multi-frequency processing was used. The
manufacturer has recommended a number of processing
parameters, which have been implemented as standard
procedures at our institution. We evaluated both the
postero-anterior and lateral views.

CAD

The CAD system was commercially available
(IQQA- Chest; EDDA Technology, Princeton Junction,
NJ, USA). It detects nodules within a diameter range of 5-
15 mm on PA radiographs. Image analysis is automatically
performed after acquisition; therefore, radiographs can be
read immediately, but results are displayed on demand.
Candidates (semitransparent circles) mark zero to five
suspicious areas.

ANALYSIS

The study involved six observers of varying
experience: five radiology residents and one radiology
specialist with 15 years of chest film reading. There were
two observers in this study with no previous experience
with CAD, while the other four had used different CAD
systems in previous studies. CAD was not used in clinical
routines by observers. Each subset was composed of 35
radiographs composed of lateral radiographs and PA
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radiographs. In each subset, a total of fourteen cases with a
single nodular opacity were included in each subset. For
the four subsets, we ensured that nodule con- spicuity and
CAD stand-alone sensitivity were equal. Each observer
read a subset of thirty-five PA and lateral chest radiographs
before and after CAD markings were available as part of a
single reading session. Five levels of confidence were
available, from 5 to 3 (equivocal) to 1. Anatomical location
of suspected lesions was indicated in the data sheet. There
were separate tests with and without CAD results. As soon
as CADs were available for lesions seen during unassisted
reading, readers could modify their confidence levels. A
single nodular opacity was indicated on images, along with
lesions that were smaller than 5 mm and calcified should
be ignored. When CAD results were available, they could
be magnified, window/level adjusted, and grey-scale
reversals could be performed. The four subsets of CXRs
are read differently by all observers.

DATA ANALYSIS

CAD's stand -alone performance using two
methods: a sensitivity calculation and a false-positive rate.
The four subsets were compared using a one-way analysis
of variance (ANOVA) combined with Tukey's posthoc
analysis. Sensitivity, specificity, and AUC calculations
were performed for readings that had CAD results as well
as those that did not.

If the lesions were correctly localised, ratings 4
and 5 were considered positive for calculating the
sensitivity. CAD as a second reader is controversial
regarding whether it should discharge lesions identified by
primary unassisted reading or only add potential lesions.
To analyze the data, we considered all lesions preserved as
an add-on.

A Cochran Q test and repeated measurements
logistic regressions were used to compare all three
methods. McNemar's test was used separately for each
reader in pairwise comparisons. This study compared the
performance of the first two subsets and the last two
subsets in order to evaluate feedback's impact. A SPSS 17
program was used to conduct the analysis. The significance
level was set at P 0.05, which is considered to be a
significant level.

RESULTS
Group study

The mean age of the patients was 61 years, with
no significant differences among the four subsets. There
were a total of 14 patients with a single nodule and 21
patients who were negative controls. 30 % of nodules were
high conspicuous, 23 % moderately conspicuous, 30 %
low, and 16 % very low in size. Except for the effects of
smoking on particular facets of the brain, as well as the
focal lesion involved in the study, no pathological feature
was observed in the diseased or control groups.



Stand-alone CAD software

A standalone CAD detected 32 of 56 nodules,
resulting in a mean sensitivity of 57% per subset.
Depending on the level of conspicuity, sensitivity ranged
from 100% to 54 %, 44 % to 22 %. It is important to note
that 260 FP candidates were generated by CAD with an
mFP of 1.9. There was a significant difference between
subsets 3 and 4 (P000.024) based on the mFP for the
different subsets. It was 0.31 (32/103) for the positive
predictive value, and 0.35 (13/37) for the negative
predictive value.

Subsets 1 and 2 performance of readers

As a result of CAD, it was not found to have a
significant impact on sensitivity, specificity, or AUC
(Table 1). AUC increased from 0.77 without CAD to 0.79
with CAD, but not significantly. Add-on CAD resulted in
greater sensitivity (65% vs. 69%) but reduced specificity
(79 vs. 76%). By using CAD, discharge of lesion
candidates increased sensitivity by 6% and specificity by
8%. The differences listed did not reach statistical
significance.
Subsets 3 and 4 reader performance

The use CAD did not change sensitivity,
specificity, or AUC (Table 2). In comparison with the
reading sessions conducted during the first two days of the
study, readers increased their sensitivity to 71 % while
decreasing their specificity to 75 %. AUC increased from
0.83 to 0.85 with CAD, but the difference was not
significant. As sensitivity remained unchanged with CAD
,Specificity increased when lesions were discharged.
Statistically, none of these differences reached a
statistically significant level.

Reader-CAD interaction

TP CAD candidates were rejected by 17 % of six
readers. 16 vs. 16 in both first and last subsets. The
majority of dismissed TP candidates (16/32) had low
conspicuity nodules with 28 % having very low
conspicuity lesions with 22 % (7/32) having moderately
conspicuous nodules. For readers 1 to six, there was a total
of 1/1, 0/0, 6/4, 1/1, 1/0, 1/1 and 1/1 of rejected true-
positive CADs. As a result of the pooled analysis of the
data, there was no significant decrease in the number of FP
CAD candidates accepted from a total of ten made in the
first two readings to six made in the second and third
readings.

Table 1: False-positive (FP) computer-aided detection (CAD) candidates and nodule conspicuity

Subset Total CAD FP Nodule conspicuity
1 1 2 3
A 112 4 3 3 3
B 140 2 3 2 2
C 104 3 3 4 3
D 164 1 1 1 2
Table 2: Reader performance without and with CAD for subsets 1 + 2 and 3 + 4. Parentheses indicate confidence
intervals
Sensitivity Specificity AUC
1+2 3+4 1+2 3+4 1+2 3+4
No CAD 66 % 71 % 80 % 75 % 0.77 0.83
CAD with possible discharge 67 % 71 % 81 % 78 % 0.79 0.85
CAD add-on 70 % 72 % 77 % 75 % 0.79 0.86
DISCUSSION correctly annotated 5 to 16 cases of cancer initially

Chest radiographs of two views frequently miss
small primary lung cancers despite being visible in
retrospect. For primary lung carcinomas, miss rates range
from 20% to 90%. Recent reports suggest CAD can help
readers detect lung tumours initially missed by
radiologists. ~ Neither  paper included observer
performance; thus, it is unclear whether radiologists
would have used CAD to accept these true-positive
candidates. It is equally impossible to quantify the risk of
accepting a candidate who is falsely positive. It has been
demonstrated in the past that an interaction between CAD
and observer is critical for the detection of T1 tumors in
patients who participated in CT screening trials. CAD
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missed by observers. Readers rejected 80 % of these
correctly annotated lesions. It may have been due to their
unfamiliarity and lack of trust in the CAD algorithm that
the readers failed to discern true lesions from false
lesions. In the current study, short-term feedback was
tested on digital chest radiography to detect pulmonary
nodules. After interpreting each of the four subsets, we
hypothesized that individual feedback would help readers
gain a better understanding of the CAD algorithm, which
leads to increased acceptance and identification of true-
positive candidates. There was a small improvement
across sessions 1 and 2 and 3 and 4, indicating a small
training effect. Readers reported detecting a greater



number of nodules in the last two sessions compared with
the first two. A total of three pairs of sessions were
conducted, in none of them, did CAD significantly
influence reader performance. Neither true-positives nor
false-positives were significantly affected by feedback.
CAD improved performance overall, but the differences
weren't significant.

The lowest and very lowest conspicuity
accounted for 78% of those dismissed as true-positive,
suggesting that readers lacked credibility in CAD
candidates. Despite feedback, dismissals of true-positives
did not change between sessions 1 and 2. CAD and the
use of CT colonography and mammography are rarely
evaluated in the literature. CT colonography showed a
higher improvement in observer performance after only
one day of training compared to mammography, which
required four weeks of training. CT and radiography have
different perception and learning rules. It appears that
CAD can be used more efficiently to reduce perception
errors when the lesions are clearly defined, whereas CAD
can differentiate lesions with low conspicuity.
Additionally, most of the CAD candidates who were
dismissed were true-positives with very low to very low
visibility lesions. The readers miss high and moderate
suspicion lesions because of “intentional blindness,"
which means they take advantage of CAD more
effectively and easily. Under study conditions, proving
this effect is more difficult owing to readers' especially
high alertness when examining radiographs. Although 5
out of 6 readers in our study were residents, the
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