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A B S T R A C T 

Purpose: The radiographic diagnosis of lung nodules is associated with low sensitivity and specificity. 

Computer-aided detection (CAD) system has been shown to have higher accuracy in the detection of lung 

nodules. The purpose of this study is to assess the effect on sensitivity and specificity when a CAD system 

is used to review chest radiographs in real-time setting. 

Methods: Sixty-three patients, including 24 controls, who had chest radiographs and CT within three 

months were included in this study. Three radiologists were presented chest radiographs without CAD and 

were asked to mark all lung nodules. Then the radiologists were allowed to see the CAD region-of-interest 

(ROI) marks and were asked to agree or disagree with the marks. All marks were correlated with CT studies. 

Results: The mean sensitivity of the three radiologists without CAD was 16.1%, which showed a 

statistically significant improvement to 22.5% with CAD. The mean specificity of the three radiologists was 

52.5% without CAD and decreased to 48.1% with CAD. There was no significant change in the positive 

predictive value or negative predictive value.  

Conclusion: The addition of a CAD system to chest radiography interpretation statistically improves the 

detection of lung nodules without affecting its specificity. Thus suggesting CAD would improve overall 

detection of lung nodules. 

 

Introduction 

 

Chest radiographs are extremely common studies, with numerous chest 

radiographs being performed in the United States each year [1]. Chest 

radiographs are frequently used to detect lung nodules as well as other 

pulmonary disease processes [2]. Studies show that the ability of 

radiologists to detect lung nodules on radiographs is affected by factors 

such as nodule size, location, and anatomical obstruction of the nodule 

[3, 4]. So, it is of no surprise that nodule detection rates by radiologists 

have been shown to be quite low in some studies, and that many nodules 

are missed initially and can later be detected when viewing the 

radiographs retrospectively [3, 5-8]. So despite the abundance of chest 

radiographs being performed, a great number of lung nodules do 

continue to go undetected. This presents a problem because these 

undetected nodules could potentially be malignant in nature, making 

their early detection imperative to the ultimate clinical outcome of the 

patients [9]. 

  

Thoracic radiographs continue to be used as the primary imaging study 

of the chest despite this known deficiency in nodule detection because 

they are inexpensive, can be rapidly and conveniently performed, and 

have low radiation exposure when compared to CT scans. Fortunately, 

there are various imaging methods that are utilized to enhance 

radiologists’ detection of pulmonary nodules on radiographs. Such 

imaging methods include Dual Energy Subtraction, Temporal 

Subtraction, and Digital Tomosynthesis [10-18]. 

  

Computer Aided Detection (CAD) systems are another promising 

technology that may potentially be helpful in the detection of lung 

nodules [19-29]. The purpose of the CAD system is to act as a second 

reader directing the radiologists’ attention to possible worrisome areas 
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on the chest radiographs that could represent cancer, thus increasing the 

radiologist’s detection of nodules. In order for the CAD system to be 

most effective, the CAD false positive rate must be as low as possible so 

that the specificity is not diminished. In a previous study, we investigated 

the sensitivity and specificity of a CAD system alone and when a 

radiologist interacted with the CAD system [28]. The focus of this study 

is to determine if there is truly an improvement in the radiologists’ 

baseline sensitivity in detecting small lung nodules when they interact 

with a CAD system, and also to evaluate the effect that CAD has on the 

radiologists’ baseline specificity. 

 

Material and Methods 

 

Two view chest radiograph performed from June 2007 through August 

2009 were reviewed. All patients who had a record of CT performed 

within a three-month time frame were included in this study. Any patient 

who did not have a dedicated CT of the chest during that timeframe was 

excluded from the study. The reports for all CT scans were reviewed for 

the presence of pulmonary nodules. Pulmonary nodules less than 8 mm 

or greater than 15 mm were excluded from the study. All CT scans were 

validated by the consensus. Using this criteria, there was a total of 64 

patients that could be included in this study. We additionally excluded 

patients with greater than or equal to 4 pulmonary nodules. The 

remaining 39 patients were included in the study. Additionally, 24 

control patients, patients who had no pulmonary nodules seen by CT, 

were included in this cohort. All PA chest x-rays were manually sent to 

an FDA approved chest radiograph CAD system (IQQA Chest v2.0 

EDDA Technology, Princeton, NJ) as DICOM image. All 63 patients 

were included in this study regardless of age or image quality and all 

cases yielded a CAD result. This cohort included ED, inpatient and 

outpatient. All chest radiographs were exposed at 100 kV with a 10:1 

grid and were obtained using a computed radiography system (FCR 

9501, Fuji Photo Film, Tokyo, Japan). The imaging plate (ST-V, Fuji 

Photo Film) was 35 x43 cm (matrix size, 1,760 x 2,140; gray level, 10 

bit; pixel size, 200 μm). The CAD system allows the radiologist to fully 

interact with the CAD results in a DICOM full resolution image 

displayed on the PACS system, (Dynamic Imaging, Princeton, NJ) 

which is overlaid on the monitor. 

 

The CT scans were all performed on GE Lightspeed 16 or 64 detector 

CT, (GE Medical Systems, Milwaukee, WI) each CT was reviewed in 

lung windows (center -500, window 1500) at 1.25 mm thickness without 

overlap. Images were displayed on a Dome Monitor (Beaverton, OR, 

USA) with 1536 by 2048 pixel resolution. Exact parameters varied 

slightly as smart mA® was used on all patient, however, all studies 

included 1.25 mm thickness images continuously through the entire lung 

parenchyma. The average mA was in the 150-300 range, dependent on 

patient size. All kVp were set to 120. The detector configuration was 16 

x 1.25mm or 64 x 0.625 with a pitch of 1:1.375, with a table speed of 10 

mm/second, 0.5 second rotation times used in all cases. Noise index was 

set of 14.1. All imaging studies were performed from the apex of the 

lung to lung base. 

  

All chest radiographs were independently shown to three different 

radiologists. Each of these radiologists has multiple years of experience 

reading chest radiographs, (from 12 to 25 years). Additionally, each has 

several years experience with the CAD device used in this study. The 

radiologist was first presented a PA view of the chest only without CAD. 

The radiologist was allowed to determine if any nodules were present. A 

region of interest was marked on each possible nodule. Then, the 

radiologist was given the CAD results. The radiologist was asked to 

determine if a CAD region of interest represented a false positive or a 

true positive. For each region of interest (ROI) the radiologist could 

either accept or reject the ROI, this information was recorded. Controls 

were randomly distributed throughout the view sessions to decrease 

potential Hawthorne effect. The radiologists were aware of the purpose 

of the study and they were also aware that controls were included in the 

cohort.  

  

The reference standard used in this study was the presence of a 

pulmonary nodule on CT. The chest radiographs were not assessed prior 

to the study to determine if the nodule could be seen. A true positive 

result was defined as correlation of a region of interest determined by the 

radiologist or CAD with the position of a pulmonary nodule on CT. A 

true negative result was defined as absence of pulmonary nodules on 

chest radiography and CT and neither CAD nor the radiologist marked a 

region of interest. A false positive result was defined as when a region 

of interest was marked by the radiologist or CAD that had no correlative 

pulmonary nodule on CT. A false negative result was defined as the 

presence of a pulmonary nodule on CT when no region of interest was 

marked by the radiologist or CAD on the chest radiograph.  

  

As in prior studies, a nodule was defined by CT as a localized area of 

increased density; airspace disease and scars were not considered 

nodules [1]. All nodules found by CT were determined by the 

interpreting radiologist, all pulmonary nodules were verified by 

consensus. The net CAD effect was calculated for all readers and for the 

mean of the readers. The net CAD effect is defined as: change in 

sensitivity + {change in specificity (1/weighting factor) [(1 – probability 

of disease)/probability of disease]}. The weighting factor is defined as 

the relative increase in value of an additional correctly identified patient 

with a true-positive diagnosis compared with the reduction in value of 

an additional patient with a false-positive diagnosis [30]. We assumed a 

weighting factor of 3.  

  

Statistical analysis including sensitivity, specificity, negative predictive 

value, positive predictive value calculation and t-test was used to 

determine difference using WinSTAT® for Microsoft® Excel version 

2006.1. This retrospective study was approved by our institutional IRB. 

  

Sample Case 

 

60-year-old female with extensive smoking history is referred for a chest 

radiograph because of chronic cough (Figure 1). 

 

Results 

 

I Participants  

 

A total of 45 nodules were included in this cohort of 39 patients. The 

mean size of the nodules was 10.8 mm (± 2.8 mm). There was no 

statistically significant correlation, (by Spearman Rank correlation) 

between nodule size and the detection of pulmonary nodules by any of 

the radiologists or by CAD (p>0.05). 
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Figure 1: Figure 1a shows the initial PA chest radiograph shown to all 

three radiologists without CAD. If a possible nodule was detected by a 

radiologist, it was marked with a region of interest (ROI). Next, the 

radiologist was presented with CAD-detect ROIs (Figure 1b). 

Radiologists determined if the ROI represented a true positive lung 

nodule (TP) or false positive (FP) from artifact (Figure 1c). Figure 1d 

showed both of these nodules on CT. The third ROI identified by CAD 

was rejected by all three readers and was a false positive resulting from 

summation of shadows. 

 

II Radiologists without CAD 

 

The sensitivity of the individual radiologist without the use of CAD 

varied from 4.9% to a maximum 27.9% with a mean sensitivity of 

16.1%. The specificity of the individual radiologists varied from 36.2% 

to a maximum of 75.7% with a mean specificity of 52.5%. The positive 

predictive value varied from 9.5% to 46.7% with a mean of 26.9%. The 

negative predictive value varied from 35% to a maximum of 39.1% with 

a mean of 36.6%. 

 

III Radiologists with the CAD  

 

The sensitivity of the individual radiologist improved with the use of 

CAD to a minimum of 16.3% and a maximum of 34.8% with a mean of 

22.5%, this difference was found a statistically significant by t-test 

(p<0.05). The specificity of the individual radiologist with the use of 

CAD slightly decreased varying from 32.1% to a maximum of 75.7% 

with a mean of 48.1%. This difference was not found to be statistically 

significantly different (p>0.05). The positive predictive value improved 

slightly and ranged from 22.6% to a maximum of 46.7% with a mean of 

29.9% this difference was not statistically significant (p>0.05). The 

negative predictive value also improved slightly ranging from 36.8% to 

a maximum of 40.9% with a mean of 38.6% this was not statistically 

significant different (p>0.05); (Table 1). 

 

Table 1: Mean Performance of Radiologist without and with the Use of 

CAD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV CAD Results 

 

There was an average of 1.1 false positive ROIs per case. The sensitivity 

of the CAD was 30.2%, with a specificity of 10.1%. All readers 

improved with the use of CAD. Each reader’s sensitivity improved with 

the addition any other reader. The radiologist accepted 8 additional ROIs 

which were true positive nodules, thus improving their sensitivity. 

However, the readers did not accept between 4, 7 and 10 ROIs 

respectively which were true nodules. The likelihood that a true positive 

CAD result would be dismissed by the reader increased with increasing 

years of experience. Interobserver agreement was poor with a kappa of 

0.2. The net CAD effect for all readers which is defined by the net change 

in sensitivity and specificity related to CAD was 5.5% (CI +/-4.5) [30]. 

All readers had positive net CAD effects, see (Table 2), with only one 

reader having a 95% confidence interval that extended below zero.  

 

Table 2: Net CAD effect. 
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Discussion 

 

We found a statistically significant improvement in the sensitivity to 

detection of lung nodules when a computer aided detection system was 

utilized by three radiologists. There was no significant change in the 

specificity, negative predictive value nor positive predictive value. We 

found poor interobserver agreement in this study. Independently, the 

CAD system performed well with a sensitivity of 30.2%, however, the 

specificity was low, as expected at 10.1%. The false positive rate was 

low averaging 1.1 false positive ROIs per case. 

 

The sensitivity measurements in this study are low. However, since the 

reference standard of CT was used we would expect a lower sensitivity. 

Nodules were not excluded if they were not well seen on chest 

radiographs. Therefore, this study represents the actual sensitivity of 

chest radiographs to the detection of pulmonary nodules. This study 

shows that there is a statistically significant improvement in sensitivity 

when a radiologist uses the CAD system, without a penalty to specificity. 

This suggests that this system would be potentially beneficial to a 

radiologist reading chest radiographs. The sensitivity reported here are 

similar to those seen in similarly designed studies [3, 5, 31]. 

  

Additionally, the net CAD effect for all readers was 5.5% (+/- 4.5 95% 

CI). Thus, in a series of 200 patients (with an estimated 122 nodules 

based on the prevalence of nodules in this study) the average reader 

would find an additional 8 pulmonary nodules at the cost of an additional 

3 false positives. Initially, this may appear as a small increase in 

detection of true positive nodules; however, given the high volume of 

chest radiographs obtained, assistance with CAD can help in detecting a 

large number of true positive nodules which otherwise would have been 

missed. Further the 95% confidence interval for the CAD effect does not 

cross zero, suggesting that there is truly a benefit to the use of CAD. In 

screening mammography studies an increase in sensitivity is rated by 

patients 150-500 times more important than a corresponding loss of 

specificity [32, 33]. This suggests that patients place high emphasis on 

improved sensitivity of diagnostic tests. 

 

Limitations of this study include the small number of patients. 

Additionally, only nodules between the sizes of 8 mm and 15 mm were 

included in this study. Other studies have included larger nodules and 

have obtained much higher sensitivity and specificity. The false positive 

rate is higher than in prior studies however, the mean of 1.1 false 

positives per case is an acceptable range for CAD [28]. The population 

study is limited especially given the patient population care for this 

institution which includes a large number of cancer patients. Another 

potential limitation of this study is the use of CT as the reference 

standard. Although the reference standard of CT is excellent, and the 

imaging parameters used in this study allow for careful examination of 

the CT slices, the sensitivity of CT for the diagnosis of pulmonary 

nodules has been reported as low as 74% [34]. 

 

Conclusion 

 

CAD device did improve the sensitivity of the interpreting radiologists’ 

detection of a nodule on chest radiography. Given the extremely high 

number of the chest radiographs that continue be performed, there will 

likely be a significant benefit to the use of this type of a system. 

However, given the current data it is unlikely that chest radiography 

detection of small pulmonary nodules will ever reach a similar detection 

rate as seen by CT. 
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