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1. Introduction
Missed findings in radiology are a known problem that can result from a variety of factors such as reader
fatigue and distractions1. This problem is exacerbated by the increased study volume and large number
of images produced by multidetector CT scanners, which can overwhelm radiologists who need to either
take less time per image or work longer hours to get through the required workload. Detection of lung
nodules is particularly challenging with recent cancer screening programs generating large number of
studies on an already strained system. Failure to diagnose important findings can lead to poor patient
outcomes and malpractice lawsuits2,3.
In this research study, we evaluate an Artificial Intelligence (AI) tool for automatically identifying CT
scans with potential missed pulmonary nodules. This AI tool evaluates CT images and corresponding
radiology reports to determine whether a pulmonary nodule was potentially missed. If a nodule is
identified on the images but was not in the radiology report, it is marked as a potential missed nodule.
Studies with a potential missed nodule are then reviewed by a radiologist to confirm or refute the
potential discrepancy (i.e. verify whether the nodule does indeed appear in the images and was not
included in the radiology report). We present the results from this research study, which demonstrate
the ability of this AI tool to identify true missed nodules in a large and diverse set of CT studies.
Lung cancer accounts for more than 1.5 million deaths globally each year, and the American Cancer
Society estimates that in 2022, there will be approximately 236,740 new cases of lung cancer and
130,180 deaths from lung cancer in the United States. Lung cancer is, by far, the leading cause of cancer
mortality in the world, accounting for nearly 25% of cancer death in the US. With the increased
utilization of CT, and expanded eligibility criteria for low dose screening CT of those at risk, several large
studies have demonstrated that the pulmonary nodule detection rate has increased from 8% to 51%,
with malignant nodules representing between 1.1 and 12% of the detected nodules4-6. Despite the
ongoing diagnostic challenge of distinguishing benign from malignant nodules, the opportunity for early
detection, and potential cure of malignant nodules should not be overlooked, as the 5-year survival for
non-small cell lung cancer drops from 64% when disease is localized; to 37% with regional spread in the
chest; to just 8% when distant disease is present. When lung cancer is detected at an early stage, when
it is small and before it has spread, it is more likely to be successfully treated. If missed on imaging, lung
cancer may progress from early to a more advanced stage, especially if significant time elapses between
imaging studies.
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Various factors contribute to a missed or delayed diagnosis of malignancy, and observer error is the
most significant. Nodule characteristics also contribute to potential misses, including size, location,
conspicuity, and proximity to vessels or other structures. Multiple studies have demonstrated that early
detection by Low Dose CT can decrease lung cancer mortality by 20-43% among high-risk persons4-6. The
promise of Artificial Intelligence, combined with increased awareness and utilization of low-dose
screening, is to aid in the detection more lung cancers at their earliest, most treatable stage.
2. AI-enabled imaging review tool
The AI tool consists of image and text AI algorithms that together analyze a CT study and its associated
radiology reports (Figure 1.). The image Al algorithm takes in a 3D image volume (chest/abdomen CT
with or without contrast) and outputs i) a yes/no decision as to whether a nodule was detected and ii)
the location of any detected nodules (the CT image slice and the region of that image slice). The
algorithm is designed to detect any non-calcified pulmonary nodules with a diameter greater than 6mm.
The text AI algorithm determines if any lung nodules were mentioned in the associated clinical report. If
a lung nodule is identified in the imaging study but is not mentioned as present in the radiology report
text, the study is identified as having a potential missed lung nodule.

Figure 1. AI tool for detecting missed lung nodules in a CT exam. The algorithm consists of an image AI component that identifies
the lung region of a scan and analyzes that region for lung nodules. The tool also has a text AI component to analyze the report
text for mention of lung nodules previously detected in the imaging.
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3. Evaluation study design and data sources
A research study was conducted to evaluate the practical utility of the AI tool to identify missed
pulmonary nodules on real-world data. A large set of chest/abdomen CT studies and their
corresponding reports were collected from various providers in the US and UK, to reflect a real-world
clinical setting.
All studies were collected from patients at least 21 years of age, deidentified and processed
retrospectively. Any contrast or non-contrast study with slice spacing 5mm or less were utilized.
Characteristics of the data are summarized in Table 1.

Source

Country

Total # of CT
scans

CT scan
anatomy type

CT scan
contrast type

Single hospital outpatient
data

UK

2,617

54% - Chest
7% - Abdomen
34% - Chest/Abd

55% - Contrast
45% - No Contrast
69% - Contrast
31% - No Contrast

Single hospital
ER data

US

10,291

32% - Chest
54% - Abdomen
12% - Chest/Abd

Multi-hospital
ER data

US

19,226

55% - Chest
26% - Abdomen
19% - Chest/Abd

57% - Contrast
43% - No Contrast

Combined

-

32,134

48% - Chest
33% - Abdomen
18% - Chest/Abd

61% - Contrast
39% - No Contrast

Table 1. AI tool data sets

All CT studies and corresponding reports were processed by the AI tool (Figure 2). Studies identified as
having a potential missed lung nodule by AI were reviewed by American Board of Radiology (ABR)
certified radiologists. The reading radiologist categorized each potential discrepancy as either a true
missed nodule or a false positive (i.e. a missed nodule did not exist due to an error by either the text or
image AI algorithms).
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Figure 2. Missed lung nodules analysis

4. Evaluation criteria
The performance of the AI tool was evaluated using two metrics: positive predictive value (PPV) and the
false positive rate (FPR). PPV is a measure of how accurately positive results generated by the AI tool
will represent true missed lung nodules. PPV is defined by the equation:
𝑃𝑃𝑉 =

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑚𝑖𝑠𝑠𝑒𝑑 𝑛𝑜𝑑𝑢𝑙𝑒𝑠
# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑚𝑖𝑠𝑠𝑒𝑑 𝑛𝑜𝑑𝑢𝑙𝑒𝑠 + # 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

FPR is a measure of how many false positive notifications the user can expect to experience for a given
volume of studies. FPR is defined by the equation:
𝐹𝑃𝑅 =

# 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑠𝑡𝑢𝑑𝑖𝑒𝑠 𝑎𝑛𝑎𝑙𝑦𝑧𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝐴𝐼 𝑡𝑜𝑜𝑙

A true missed nodule (true positive) is defined as a potential missed nodule identified by the AI tool that
was subsequently verified by a radiologist. For a study to be a verified, the reviewing radiologist must
agree that the nodule is visible in the images but was not reported as present in the associated radiology
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report. A false positive is defined as a potential missed nodule identified by the AI-tool that was
subsequently verified by a radiologist not to be a true missed nodule. This can be a consequence of an
error in either the image algorithm or text algorithm.
5. Study results
Table 2 summarizes the study results. Results were obtained from 3 different sources of CT scans. From
the 32,134 studies, 415 were identified by the AI tools as potentially containing a missed lung nodule.
These 415 studies were reviewed by at least one radiologist and 100 were confirmed to contain a
missed pulmonary nodule. Across the 3 sources of data considered, the positive predictive values (PPV)
ranged from 12.5%-30.9%, with an overall combined PPV of 24.1%. Across the 3 sources of data, the
false positive rate (FPR) ranged from 0.5%-1.4%, with an overall combined FPR of 1.0%. See appendix A
for examples for missed pulmonary nodules and associated radiology reports.

Source
Single hospital
outpatient data
Single hospital
ER data
Multi-hospital
ER data
Combined

Country

Total # of CT
scans

Potential
missed
nodules

Verified
missed
nodules

PPV

FPR

UK

2,617

24

10

41.7%

0.5%

US

10,291

168

21

12.5%

1.4%

US

19,226

223

69

30.9%

0.8%

-

32,134

415

100

24.1%

1.0%

Table 2. Summary of study results

6. Discussion
This study demonstrates the utility of our AI tool to identify missed pulmonary nodules in a large and
diverse set of chest and abdomen CT studies reflective of a real-word clinical setting. From a total of
32,134 studies, 100 true missed nodules were identified with only 315 false positives. The low false
positive rate of 1.0% minimizes the effort required for reading radiologists to re-review studies,
suggesting the AI tool would not be overly burdensome to use in practice. Yet, the positive predictive
value demonstrates the tool’s clinical value and its ability to find a significant number of veritable
misses. The rate of errors and discrepancies in radiology is estimated to be 3-5%7. Such errors can have
serious consequences, resulting in increased patient morbidity and mortality and malpractice lawsuits8,9.
Incorporating such AI tools as part of a Quality Assurance program has the potential to increase patient
safety and reduce clinician liability.
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Appendix A – Examples of discrepancies identified by the AI tool

Figure A1. Unreported pulmonary nodule (red arrow)

Figure A2. Unreported pulmonary nodule (red arrow)
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Figure A3. Unreported pulmonary nodule (red arrow)
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