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Abstract

Abstract

Objective
To evaluate the impact of computer-aided detection (CAD, IQQA-Chest; 
EDDA Technology, Princeton Junction, NJ) used as second reader on 
the detection of small pulmonary nodules in chest radiography (CXR).

Material and Methods
A total of 113 patients (mean age 62 years) with CT and CXR within
6 weeks were selected. Fifty-nine patients showed 101 pulmonary
nodules (diameter 5-15mm); the remaining 54 patients served as 
negative controls. Six readers of varying experience individually
evaluated the CXR without and with CAD as second reader in 
two separate reading sessions. The sensitivity per lesion, figure
of merit (FOM), and mean false positive per image (mFP) were 
calculated. Institutional review board approval was waived.

Results
With CAD, the sensitivity increased for inexperienced readers (39% 
vs. 45%, p < 0.05) and remained unchanged for experienced
readers (50% vs. 51%). The mFP nonsignificantly increased for both 
inexperienced and experienced readers (0.27 vs. 0.34 and 0.16 
vs. 0.21). The mean FOM did not significantly differ for readings
without and with CAD irrespective of reader experience (0.71 vs. 
0.71 and 0.84 vs. 0.87). All readers together dismissed 33% of 
true positive CAD candidates. False positive candidates by CAD 
provoked 40% of all false positive marks made by the readers.

Conclusion
CAD improves the sensitivity of inexperienced readers for the detection
of small nodules at the expense of loss of specificity. Overall
performance by means of FOM was therefore not affected. To 
use CAD more beneficial, readers need to improve their ability
to differentiate true from false positive CAD candidates. 
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Introduction

In clinical practice, small primary lung carcinomas and pulmonary
metastases may be missed on two-view chest radiographs (CXR) 
though they were frequently visible in retrospect. Depending
on the study design, miss rates between 20% and 90% have been
reported for primary lung carcinomas(1-7). Factors that contribute 
to detection errors include image quality, size and type of nodules,
superposition of anatomical structures, the presence of accompanying 
abnormalities, and the radiologists’ variable experience and perception 
capacity. The goal of computer-aided detection (CAD) software is to reduce 
the effects of the latter, namely to lower the number of perception errors. 
Variable sensitivities of CAD in chest radiography (34%-78%) 
have been reported(8-13). Several publications only refer to the CAD
stand-alone performance(8,10,11,13). In clinical practice, however, CAD 
is designed to be used as second reader, meaning that the ultimate
impact of CAD on the diagnostic outcome will be determined by 
both, the CAD performance and the readers’ diagnostic judgment. 
In this study we investigated a US Food and Drug Administration 
(FDA)-approved CAD system. We evaluated how CAD, when used 
as second reader, affects the detection performance of readers with 
vastly varying experience. Study group and nodules were selected to
challenge perception capabilities: most nodules were of low conspicuity
and the majority of the elderly study patients showed increased
parenchymal markings on the CXR from smoking history
and aging and described as “dirty lung” in the literature(14). 
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Study group

From our institution’s data archive, we retrospectively selected 113 
patients who had undergone both, a two-view (CXR) and a chest CT 
within six weeks. All images had been acquired for clinical purposes
only. Institutional review board approval was therefore waived by 
our institution’s ethic committee (registration number 08170465).  
Patients’ mean age was 62 years (16-89 years), 65 were male and 48 
were female. According to patients’ records, 61 patients (54%) had 
a positive history of smoking, 27 patients (24%) were nonsmokers
and for the remaining 25 patients (22%) no data was available.
Both smoking and increase of age lead to a variable increase of
parenchymal markings on the CXRs also described as “dirty lung” (14).
Its presence was subjectively scored on the CXRs in consensus
by a board certified chest radiologist (>15 years of experience) 
and the researcher (third-year resident in radiology) using a score 
from 0 (none) to 1 (minimal), 2 (moderate) and 3 (severe). In 
the following, we will refer to this score as “anatomic noise” (AN). 

Intrapulmonary nodules

We followed the glossary of terms for thoracic imaging by the 
Fleischner society that defines a nodule as a well or poorly
defined nodular opacity with a diameter between 3 and 30 mm. 
Based on this definition, 113 nodules were present in 59 patients. 
The tested CAD software is optimized for detecting nodules between 
5 and 15 mm, therefore the 12 nodules exceeding 15 mm in diameter
were excluded from further data analysis. Thus the study group
comprised 101 nodules present in 59 patients with a mean and median
diameter of 10 mm and a range of 5-15 mm. The 54 patients that 
had no nodules, as proven by CT, served as normal controls. 
Seventy-four of the 101 nodules had smooth margins on CT 
and well-defined contours on the CXR. Twenty-seven nodules
had spiculated margins on CT and poorly defined contours
on the CXR. None of these nodules were calcified. Histological proof 
was available in 24% (18/74) of the well-defined nodules (M) and
referred to primary non-small-cell lung cancer (8), metastases of renal 
cell carcinoma (2) or osteosarcoma (1); seven biopsies revealed no 
malignancy. The remaining 56 well-defined nodules were interpreted 
as metastases because of a known history of extrathoracic malignancy
and the fact that follow-up studies had revealed nodule growth.
Histological proof was available in 78% (21/27) of the poorly defined 
nodules (T) and referred to primary non-small-cell lung cancer (11), 
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bronchoalveolar cell carcinoma (1), neuro-endocrine tumors (2) and a 
nonmalignant histology (7). The remaining six poorly defined nodular 
opacities were considered nonmalignant because they decreased in size 
over time under antibiotic and / or anti-inflammatory treatment (Table 1).

Nodule conspicuity

Nodule conspicuity on the CXR was subjectively graded by a board-
certified chest radiologist (>15 years of experience) and the researcher 
(third-year resident in radiology) after the reading had been completed
and ranged from 1) high to 2) moderate, 3) low and 4) very low. 

Chest radiography

CXRs were obtained in digital technique using a dedicated chest stand 
(Thoravision Philips Medical Systems, Hamburg, Germany). Images 
were processed using non-linear multifrequency processing (Unique, 
Philips Medical Systems). Processing parameters were chosen according
to the recommendations of the manufacturer and represented the
standard processing used in clinical routine at our institution. 

CAD

The CAD software (IQQA-Chest; EDDA Technology, Princeton Junction, 
NJ) is designed to detect nodules in a size range from 5 to 15 mm in 
diameter. Only the posteroanterior (PA) radiographs are analyzed. The 
software is running in the background and only on demand between 
zero and five candidates are marked by semitransparent circles that are
centered on a focal density. By visual side-by-side comparison between 
the marked and unmarked radiograph or by toggling the semitransparent
overlay the reader can decide to accept or dismiss the CAD candidate. 

Image evaluation

Three radiology residents (first-, second- and third-year training) and 
three board certified radiologists (two general radiologist, one chest
radiologist, all with more than 10 years of experience) independently
interpreted all 113 CXR using high resolution LCD monitors (Barco, MDCG 
2121-CB, 1.2K x 1.9K matrix) that are subject to regular quality control. 
PA and lateral radiographs of the 113 patients were evaluated twice 
in two separate reading sessions, once without CAD and once with 
the availability of CAD. Half of the cases were seen first without
CAD; the other half was first interpreted with the use of CAD. 
When using CAD, readers were specifically instructed to first analyze
the images unassisted before taking the result of the CAD analysis
into account and having the candidate circles available.
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Readers were asked to document localization of nodules and
diagnostic confidence after consideration of CAD. For both
conditions, readers were allowed to use processing tools such as 
windowing or magnification according to their preferences. There 
was an at least 6 weeks time interval between the two reading 
sessions and images were evaluated in different random orders. 
The presence or absence of a nodule was scored using a five point 
scale of confidence ranging from 5 = definite pulmonary nodule,
4 = probable pulmonary nodule, 3 = equivocal, 2 probably no nodule,
and 1 = definitely no nodule. For the confidence ratings 3, 4 and 
5, readers were asked to indicate the anatomic location of the
suspected nodule on a separate data sheet. This was done separately 
for each patient; per patient more than one nodule could be marked. 
The readers were informed that images could contain none, a solitary or 
multiple nodules but did not know the percentage of each subgroup. They 
were instructed to ignore calcified nodules and nodules smaller than 5 
mm.  All readers evaluated 10 training cases with CAD before conducting 
the study; none of the readers had experience with CAD in daily routine. 

Statistical analysis

The patients with and patients without intrapulmonary nodules
were compared with regard to gender and smoking history by
chi-square test, with regard to age by student t-tests as the data 
were normally distributed and with regard to AN by chi-square test 
for trend. For smoking history, the missing data (22%) were excluded.
All reader markings, without and with CAD, were determined to be 
true or false positive by comparing the markings on the separate
data sheets with the original CXR and the corresponding CT. This 
was done in consensus by the researcher and an experienced
chest radiologist after all readings had been completed. The data
were analyzed using the jackknife free-response receiver operating
characteristic (JAFROC) method especially developed to analyze
observer free-response tasks(15-17). JAFROC software 2.3a was used 
to calculate a figure of merit (FOM). The FOM is defined as the
probability on a scale from 0 to 1.0 that true positive marks for 
nodules are rated with higher confidence than false positive (non-
lesions) marks on control CXRs(16). A FOM of 0.5 means that the 
confidence of marks for nodules on abnormal CXR are equal to 
marks for nonlesions (false positive marks) on negative control 
CXR. A FOM of 1.0 describes the ideal situation where all nodules 
are correctly marked with no false positives in the control images. 
Sensitivity was calculated on a per-nodule basis. For these calculations, 
reader ratings 4 and 5 were considered true positive if made for correctly 
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localized nodules. CAD candidates were considered true positive if the 
candidate was centralized above a CT proven nodule. Specificity was 
described as mean number of false positive marks per image (mFP). For 
these calculations, reader ratings 4 and 5 were considered false positive, 
if made in locations, where CT did not show a nodule. CAD candidates 
only partially covering a nodule or indicating a nodule not proven by CT 
were considered false positive. Sensitivities and mFPs were calculated 
for CAD as stand-alone and for each reader separately without and with 
use of CAD. Significance of differences was tested using McNemar’s test. 
We also assessed the number of rating differences made in the two read-
ing sessions without and with the availability of CAD. A rating difference 
was considered beneficial if a nodule was missed during reading with-
out CAD but was correctly detected during the reading with CAD. The
scenario, that the reader made a false positive mark without CAD but made 
no false positive mark with the availability of CAD, was also considered
a beneficial rating difference. It was considered a detrimental rating 
difference if the reader detected the nodule during the reading without 
CAD but missed it in the reading session with the availability of CAD or if 
the reader made a new false positive mark during the reading with CAD.  
Agreement between the readers and the stand-alone performance of 
the CAD-system was calculated pairwise using non-weighted Kappa
statistics. A Fleiss Kappa statistics was used to evaluate the interobserver
agreement during readings without and readings with CAD as second reader. 
All analyses were performed in SPSS 15.0.1. Significance
was assumed at p < 0.05. 

Table 1

Characteristics of the 101 nodules. 

Characteristics 	

Shape		  M		  27

		  T		  74

Conspicuity	 high (1)		  21

		  moderate (2)	 39

		  low (3)		  20

		  very low (4)	 21

Size		  <10mm		  42

		  ≥10mm		  59
	

M: round nodules, T: nodules with irregular margins
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Results

Study groups and nodule characteristics

An increased AN was scored present in 69% of all patients and varied 
from mild in 42% to moderate in 18% and severe in 9% of patients. Of 
the 59 patients with nodules 38 had a solitary nodule, 10 had two nodules
and 11 had more than two nodules. The nodules were located
in the upper lobes in 58%, in the middle lobe in 10% and in the lower
lobes in 32%. Nodule conspicuity was rated very low in 21%, low 
in 39%, moderate in 20% and high in 21%. Nodule conspicuity was
negatively correlated with AN (p = 0.04) and nodule size (p = 0.024). 
There were no differences between patients with and without
nodules with regard to age, gender, AN or history of smoking
(p = 0.85, 0.52, 0.49, 0.20, respectively). 

Stand-alone performance of CAD

The CAD system demonstrated a stand-alone sensitivity of 47%. The 
sensitivity was 70% for nodules with moderate and high conspicuity
and 30% for nodules with low and very low conspicuity. The CAD 
stand-alone sensitivity was not associated with nodule shape, nodule
size, anatomic location or AN. A total of 194 false positive
candidates were produced with a mFP of 1.7. There was no association
between the number of produced false positives and the AN.

Table 2

Individual reader outcome without and with use of CAD. 

	         	  FOM	        	       	 Sensitivity (in%)	                mFP
		  Baseline	 CAD                   	 Baseline      CAD            	 Baseline	 CAD

Inexperienced

readers (n = 3)	 0.71	 0.71	     	 39	 45		  0.27	 0.34

1		  0.52	 0.53		  39	 46		  0.54	 0.67

2 		  0.77	 0.79		  35	 39		  0.08	 0.13

3		  0.84	 0.80		  42	 50		  0.18	 0.21

Experienced
readers (n = 3)	 0.84	 0.87		  50	 51		  0.16	 0.21

4		  0.85	 0.91		  45	 44		  0.15	 0.18

5		  0.80	 0.83		  53	 54		  0.20	 0.24

6		  0.87	 0.88		  53	 57		  0.12	 0.20

	

Baseline: reading without CAD, CAD: reading with computer-aided detection as second reader, 

FOM: figure of merit,  mFP: mean false positives per image
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Reader performance without CAD

The mean sensitivity for the inexperienced readers was 39% with a 
mFP of 0.27. The mean sensitivity for the experienced readers was 50%
with a mFP of 0.16. The average FOM for the inexperienced readers 
was 0.71 compared with 0.84 for the experienced readers (Table 2).
For both  reader groups, there was no significant association
between the number of false positives and AN. Looking at subgroups 
of nodules as function of conspicuity, size and anatomic background 
noise, the readers’ sensitivity was generally lower for nodules of low
conspicuity (22% vs. 76%) and smaller size (25% vs. 58%) and for
nodules located in lungs with increased anatomic noise
(31% vs. 52%; Table 3). 

Reader performance with CAD as second reader

For the group of the inexperienced readers, the mean sensitivity
increased from 39% to 45% (p = 0.008; example in Figure 1) with 
a nonsignificant increase of the mFP from 0.27 to 0.34. For the
experienced readers the mean sensitivity remained unchanged
(50% vs. 51%) with a mFP that also nonsignificantly increased 
from 0.16 to 0.21. When separately analyzed, sensitivity increased
for five of six readers but differences were not significant.
The mean FOM was higher for the experienced readers but for both 
reader groups, the mean FOM did not significantly change with the 
availability of CAD (0.71 vs. 0.71 and 0.84 vs. 0.87, respectively).  

Figure 1

The three inexperienced readers missed the 
right perihilar nodule without computer-aided 
detection (CAD) but accepted the true positive
CAD candidate (open arrow). All readers
dismissed the false positive CAD candidates
located more laterally (black arrow).

Figure 2

Four readers dismissed the true positive 
computer-aided detection (CAD) candidate
for the right perihilar nodule (open arrow).
The CAD candidates in the right and left
lower zone represented false positives
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Reader-CAD interaction

Altogether, 33% (94/282) of the true positive CAD candidates were
dismissed by the readers, meaning readers did not realize that CAD 
correctly indicated existing nodules which had been primarily missed 
by the readers. The readers subsequently disregarded those CAD
candidates though they were true positive (Figure 2). Sixty-eight
percent of these dismissed true positive CAD candidates were for
nodules of low to very low conspicuity. Inexperienced readers
declined 51, whereas experienced readers declined 43 true
positive CAD candidates (Table 4). When comparing the readings
without and with CAD we found a total of 286 rating differences
that affected the correct diagnosis. 54% (154/286) of them were
detrimental and 46% were beneficial. 40% (61/154) of the detrimental
rating differences represented false positive ratings likely to have
been provoked by a false positive CAD candidate in identical
location (Figure 3). Maximum benefit from CAD would be established
if the readers accepted all true positive CAD candidates and declined 
only false positive CAD candidates. In this theoretical scenario all 
readers would show a substantial increase in sensitivity to a mean 
overall sensitivity of 70% with a slight inferiority of the inexperienced
readers (66%) compared to the experienced readers (74%). 

Interobserver agreement and agreement with CAD

The agreement between the stand-alone performance of CAD 
and the six readers was poor to fair with Kappa values ranging
from 0.15 to 0.32. The interobserver agreement for the readers
during reading without CAD was 0.36 (fair) and increased
slightly to 0.39 (fair) when CAD was used as second reader. 
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Discussion

Various CAD systems with and without FDA approval have been
developed for the detection of nodules in CXRs. Reported stand-alone
sensitivities of these systems vary from 34% to 78% dependant
on lesion selection and study group(8-13). In our study, the stand-
alone sensitivity of the tested CAD software was 47% and this 
was slightly better than the mean sensitivity of 44% achieved 
by the readers. Thus both readers and CAD showed a relatively
low baseline performance, which is likely to be the result of the 
low to very low conspicuity of the majority of the studied nodules.  
For a successful application of CAD, it seems warranted that CAD
detects nodules, which the radiologist tends to miss. As indicated by the 
Kappa analysis, we found a relatively lower agreement between CAD 
and the readers as between the readers, supporting the fact that CAD 
has the potential to find nodules, the readers have not seen. Also Bley et 
al., who evaluated the same CAD software, reported an only moderate
agreement between CAD and the readers underlining the capacity
of this CAD software to detect different nodules as the readers(10). 
Application of CAD ideally leads to an increase of sensitivity without 
loss of specificity. We found a significant increase in sensitivity for 
the inexperienced readers with the use of CAD. Experienced readers,
however, did not take any advantage of CAD. Yet, the increase of
sensitivity of the inexperienced readers went along with a loss of
specificity that, though not statistically significant, impeded

Figure 3

Four false positives were generated by the 
computer-aided detection (CAD) software.
Three readers accepted the left lower
false positive (arrow). The other false 
positives were dismissed by all readers.
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an increase of the FOM. With regard to the localization of false positive 
marks by the readers, an interaction with CAD candidates took place: 
40% of the detrimental rating differences referred to false positive
marks that corresponded to false positive CAD candidates in these
locations and thus were likely to have been provoked by CAD. On the 
other hand our study could not prove a significant increase of the mFP. 
These findings suggest that false positives seen by the readers without 
CAD did not attract the same grade of suspicion when CAD indicated 
different candidate areas. In fact, in a substantial amount of readings
(61/154) CAD candidates entrapped the readers to call an area
suspicious. The number of false positive marks possibly provoked by CAD 
were equally distributed between experienced and inexperienced readers 
and showed no significant association with the amount of anatomic noise.
Though, our results could not prove that CAD improves detection
performance for small intrapulmonary nodules, there are some
findings indicating that CAD may have potential to increase detection 
rates if applied differently. In that context, it is noteworthy that all six 
readers together declined 33% of the true positive CAD candidates. The 
majority of the dismissed true positive candidates referred to the low 
conspicuous nodules and to nodules smaller than 10 mm in diameter. 
These nodules represent indeed the type of pathology that are most 
difficult to detect by the readers and might take the highest advantage 
of a CAD system. If the readers would have accepted all true positive 
CAD candidates and declined only false positive CAD candidates, all 
readers would have shown a substantial increase in performance from 
a baseline sensitivity of 47% to a mean overall sensitivity of 70%, with 
a slight inferiority of the inexperienced readers (66%) compared to 
the experienced readers (74%). These findings indicate the potential
of CAD if used optimally but also indicate the readers’ severe
difficulty to distinguish true positive from false positive CAD candidates. 
For further improvement of reader performance with CAD, two
aspects seem important. Firstly, the number of false positive CAD 
candidates should be decreased. Recent publications described 
a significantly reduced mFP when CAD was applied on energy
subtracted soft-tissue images(18,19). Whether this indeed will increase 
reader performance yet remains to be proven by an observer study. 
Second, additional tools appear to be needed to help the observer
to accept true positive candidates even when they indicate low
conspicuous nodules. Whether this can be achieved by means of
additional displays such as grey-scale reversal or rib subtraction or 
whether it requires additional software tools, such as indication of 
the grade of suspicion based on the CAD analysis, is subject of on-
going research. The latter was found quite promising for reading
mammography: reader detection performance could be further
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increased when the CAD software indicated a likelihood of suspicion 
for an area of interest selected by the observer instead of showing
the reader a certain amount of equally weighted ROIs(20). Previous
literature reports controversial results about the effect of CAD on 
the detection of nodules. While Song et al. only state the impact on
sensitivity without considering the specificity(21), other studies more 
precisely report changes of Az that way statistically taking into
consideration both sensitivity and specificity. Most interestingly, all 
studies that report a significantly increased performance (increase
of Az) also stated a higher CAD stand-alone performance with
sensitivities between 52% and 100% as compared to the stand-
alone sensitivity of 47% found in our study(12,22,23,24,25). The majority
of the CAD systems evaluated were not FDA approved at time 
of study conductance. There are four studies with a stand-alone
sensitivity below 50% (8,10,22,26): two of them assessed reader
performance and found no increase of reader performance measured 
as Az or FOM, conform our results. We conclude from this that in
addition to reader experience the conspicuity of nodules represents 
a determining factor with respect to the impact of CAD on reader
performance. As seen in our results (Table 3), more conspicuous
nodules (here classified as 1 and 2), if missed by the reader because 
of perception error, were more easily accepted by the observer when
indicated by CAD. Low conspicuous nodules (classified as 3 and 4),
however, that require high perception and interpretation skills, were less 
easily accepted by the observer even when correctly indicated by CAD. 
Our study suffers from a number of limitations: 
a) We evaluated a selected group of patients with a higher prevalence
	 of nodules than normally seen in clinical routine. Readers were
	 specifically asked to look for small nodular densities which
	 probably lowered their overall specificity. 
b)	Images were evaluated without and with CAD as second reader
	 in two reading sessions introducing the additional factor of
	 intrareader variability. We chose to do so to keep reading conditions
	 possibly realistic and not to interrupt the readers’ visual analysis
	 by requiring nodule documentation separately without and with
	 CAD. However, we cannot exclude that intrareader variability may
	 have partially ameliorated the effect of CAD on reader performance. 
c)	Though the readers were appropriately introduced to the use of CAD
	 by a number of training cases, which were not included in the study,
	 none of them had experience with CAD for a longer period of
	 time or within routine application. For mammography a substantial
	 positive impact of learning effects on the performance with CAD
	 is assumed to be two years(27); whether this also holds for chest
	 radiography remains to be evaluated.  
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d) We evaluated a specific type of CAD algorithm. Our results only
	 pertain to that particular CAD application and to that particular
	 study group and are not directly transferrable to another CAD
	 software and to other study groups of lesions.
In summary we conclude that the sensitivity of the inexperienced
readers significantly increased with the use of CAD as second reader.
Overall performance (FOM) for both inexperienced and experienced
readers, however, was not affected, meaning that the increase
in sensitivity came with a decrease in specificity. The impact of
CAD on the detection of small and low conspicuous nodules seems
to be largely impeded by the readers’ inability to differentiate
true from false positive CAD candidates. There is potential for further
improvement of reader performance with CAD, given the high rate of
dismissed true positive CAD candidates and the number of accepted
CAD false positives. Our findings underline the importance to further
decrease the number of false positive CAD candidates in
the future and the need for further research to find out whether
a longer learning process or additional visual or analytic tools that
come along with the CAD output can further improve the readers’
ability to distinguish true from false positive CAD candidates.
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