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Introduction: Chest imaging often incidentally finds indeter-
minate nodules that need to be monitored to ensure early de-
tection of lung cancers. Health care systems need effective
approaches for identifying these lung nodules. We compared the
diagnostic performance of 2 approaches for identifying patients
with lung nodules on imaging studies (chest/abdomen): (1) rely-
ing on radiologists to code imaging studies with lung nodules;
and (2) applying a text search algorithm to identify references to
lung nodules in radiology reports.

Methods: We assessed all radiology studies performed be-
tween January 1, 2016 and November 30, 2016 in a single Vet-
erans Health Administration hospital. We first identified imaging
reports with a diagnostic code for a pulmonary nodule. We then
applied a text search algorithm to identify imaging reports with
key words associated with lung nodules. We reviewed medical
records for all patients with a suspicious radiology report based
on either search strategy to confirm the presence of a lung nod-

ule. We calculated the yield and the positive predictive value
(PPV) of each search strategy for finding pulmonary nodules.

Results: We identified 12,983 imaging studies with a potential lung
nodule. Chart review confirmed 8,516 imaging studies with lung
nodules, representing 2,912 unique patients. The text search algo-
rithm identified all the patients with lung nodules identified by the
radiology coding (n = 1,251) as well as an additional 1,661 patients.
The PPV of the text search was 72% (2,912/4,071) and the PPV
of the radiology code was 92% (1,251/1,363). Among the patients
with nodules missed by radiology coding but identified by the text
search algorithm, 130 had lung nodules > 8 mm in diameter.

Conclusions: The text search algorithm can identify additional
patients with lung nodules compared to the radiology coding;
however, this strategy requires substantial clinical review time to
confirm nodules. Health care systems adopting nodule-tracking
approaches should recognize that relying only on radiology cod-
ing might miss clinically important nodules.
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apid advances in imaging technology
R have led to better spatial resolution with

lower radiation doses to patients. These
advances have helped to increase the use of
diagnostic chest imaging, particularly in emer-
gency departments and oncology centers, and
in screening for coronary artery disease. As a
result, there has been an explosion of incidental
findings on chest imaging—including indeter-
minate lung nodules.?

Lung nodules are rounded and well-
circumscribed lung opacities (< 3 cm in di-
ameter) that may present as solitary or multi-
ple lesions in usually asymptomatic patients.
Most lung nodules are benign, the result of
an infectious or inflammatory process. Nod-
ules that are < 8 mm in diameter, unless they
show increase in size over time, often can be
safely followed with imaging surveillance. In
contrast, lung nodules > 8 mm could repre-
sent an early-stage lung cancer, especially
among patients with high-risk for develop-
ing lung cancer (ie, those with advanced age,
heavy tobacco abuse, or emphysema) and
should be further assessed with close imaging
surveillance, either chest computed tomogra-
phy (CT) alone or positron-emission tomogra-
phy (PET)/CT, or tissue biopsy, based on the
underlying likelihood of malignancy.
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Patients who receive an early-stage lung can-
cer diagnosis can be offered curative treatments
leading to improved 5-year survival rates.®* Con-
sequently, health care systems need to be able
to identify these nodules accurately, in order to
categorize and manage them accordingly to the
Fleischner radiographic and American College
of Chest Physicians clinical guidelines.>® Unfor-
tunately, many hospitals struggle to identify pa-
tients with incidental lung nodules found during
diagnostic chest and abdominal imaging, due in
part to poor adherence to Fleischner guidelines
among radiologists for categorizing pulmonary
nodules.”®

The Veterans Health Administration (VHA) sys-
tem is interested in effectively detecting patients
with incidental lung nodules. Veterans have a
higher risk of developing lung cancer when com-
pared with the entire US population, mainly due
to a higher incidence of tobacco use.® The prev-
alence of lung nodules among veterans with sig-
nificant risk factors for lung cancer is about 60%
nationwide, and up to 85% in the Midwest, due
to the high prevalence of histoplasmosis.” How-
ever, only a small percentage of these nodules
represent an early stage primary lung cancer.

Several Veterans Integrated Service Net-
works (VISNs) in the VHA use a radiology diag-
nostic code to systematically identify imaging



studies with presence of lung nodules. In VISN
23, which includes Minnesota, North Dakota,
South Dakota, lowa, and portions of neighboring
states, the code used to identify these radiology
studies is 44. However, there is high variability
in the reporting and coding of imaging studies
among radiologists, which could lead to misclas-
sifying patients with lung nodules.?

Some studies suggest that using an auto-
mated text search algorithm within radiology re-
ports can be a highly effective strategy to identify
patients with lung nodules.®'° In this study, we
compared the diagnostic performance of a newly
developed text search algorithm applied to radi-
ology reports with the current standard practice
of using a radiology diagnostic code for identi-
fying patients with lung nodules at the lowa City
US Department of Veterans Affairs (VA) Health
Care System (ICVAHCS) hospital in lowa.

METHODS

Since 2014, The ICVAHCS has used a radi-
ology diagnostic code to identify any imag-
ing studies with lung nodules. The radiologist
enters “44” at the end of the reading process
using the Nuance Powerscribe 360 radiation
reporting system. The code is uploaded into
the VHA Corporate Data Warehouse (CDW),
and it is located within the radiology exam do-
main. This strategy was created and imple-
mented by the Minneapolis VA Health Care
System in Minnesota for all the VA hospitals in
VISN 283. A lung nodule registry nurse was pro-
vided with a list of radiology studies flagged
with this radiology diagnostic code every
2 weeks. A chart review was then performed
for all these studies to determine the presence
of a lung nodule. When detected, the ordering
health care provider was alerted and given rec-
ommendations for managing the nodule.

We initially searched for the radiology stud-
ies with a presumptive lung nodule using the ra-
diology code 44 within the CDW. Separately, we
applied the text search strategy only to radiol-
ogy reports from chest and abdomen studies (ie,
X-rays, CT, magnetic resonance imaging [MRI],
and PET) that contained any of the keyword
phrases. The text search strategy was mod-
eled based on a natural language processing
(NLP) algorithm developed by the Puget Sound
VA Healthcare System in Seattle, Washington
to identify lung nodules on radiology reports.®
Our algorithm included a series of text searches
using Microsoft SQL. After several simulations

TABLE 1 Sociodemographic and Clinical Characteristics of

Patients With Lung Nodules

Radioloy Coding
and Text Search® Text Search Total P
Variables (n=1,251) (n=1,661) (N=2912) Value
Age, No. (%) < .001
<50y 32 (2.6) 103 (6.3) 135
50-59 y 127 (10.2) 184 (11.1) 311
60-69 y 495 (39.6) 616 (37.1) 1,111
70-79y 466 (37.3) 494 (29.7) 960
>80y 131 (10.5) 264 (15.9) 395
Gender, male, No. (%) 1,209 (96.6) 1,589 (95.7) 2,798 18
RUCA, highly rural,
No. (%) 906 (72.4) 1,178 (70.9) 2,084 .37
Comorbidities
Mean Charlson
comorbidity score (SD) 3.5(3.0) 4.1 (3.3 <.001
COPD, No. (%) 707 (56.5) 905 (54.5) 1,612 .28
Smoking status, No. (%)
Current smoker 468 (37.4) 555 (33.4) 1,023
Nonsmoker 783 (62.6) 1,106 (66.6) 1,889 .02

Abbreviations: COPD, chronic obstructive pulmonary disease; RUCA, Rural Urban

Commuting Areas.

aThe text search algorithm identified all the patients with radiology code 44.

using a random group of radiology reports, we
chose the keywords: “lung AND nodul”; “pulm
AND nodul”; “pulm AND mass”; “lung AND
mass”; and “ground glass”. We selected only
chest and abdomen studies because on sev-
eral simulations using a random group of radi-
ology reports, the vast majority of lung nodules
were identified on chest and abdomen imaging
studies. Also, it would not have been feasible to
chart review the approximately 30,000 total ra-
diology reports that were generated during the
study period.

From January 1, 2016 through November
30, 2016, we applied both search strategies
independently: radiology diagnostic code for
lung nodules to all imaging studies, and text
search to all radiology reports of chest and ab-
domen imaging studies in the CDW (Figure).
We also collected demographic (eg, age, sex,
race, rurality) and clinical (eg, medical comor-
bidities, tobacco use) information that were
uploaded to the database automatically from
CDW using International Statistical Classifi-
cation of Diseases, Tenth Edition and demo-
graphic codes. The VHA uses the Rural-Urban
Commuting Areas (RUCA) system to define
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TABLE 2 Patients With Radiology Studies Identified
as Abnormal by Each Search Strategy

Radiology Code Text Search
Criteria (n =1,363) (N =4,071)
Patients with confirmed lung nodule, No. 1,251 2,912
Patients with lung nodule > 8 mm, No. (%) 302 (24) 432 (11)
Nodule imaging source, No. (%)
Chest computed tomography 906 (72) 1,705 (59)
Other imaging types? 345 (28) 1,207 (41)

alncludes chest and abdomen X-rays, magnetic resonance imaging, and positron emission

tomography.

rurality, which takes into account population
density and how closely a community is linked
socioeconomically to larger urban centers.
The protocol was reviewed and approved by
the institutional review board of ICVAHCS and
the University of lowa.

The presence of a lung nodule was estab-
lished by having the lung nodule registry nurse
manually review the charts of every patient with
a radiology report identified by either code 44 or
the text search algorithm. The goal was to ensure
that our text search strategy identified all reports
with a code 44 to be compliant with VISN expec-
tations. Cases in which a lung nodule was de-
scribed in the radiology report were considered
true positives, and those without a lung nodule
description were considered false positives.

We compared the sociodemographic and
clinical characteristics of patients with lung nod-
ules between those identified with both code 44
and the text search and those identified with the
text search alone. We used %2 tests for categor-
ical variables (eg, age, gender, RUCA, chronic
obstructive pulmonary disease (COPD), smok-
ing status) and t tests for continuous variables
(eg, Charlson comorbidity score). A P value < .05
was considered statistically significant. To as-
sess the yield of each search strategy, we deter-
mined the number of patients with lung nodules
detected by the text search and the radiology
diagnostic code. We also calculated the posi-
tive predictive value (PPV) and 95% CI of each
search strategy.

RESULTS

We identified 12,983 radiology studies that re-
quired manual review during the study period.
We confirmed that 8,516 imaging studies had
lung nodules, representing 2,912 patients. Sub-
jects with lung nodules were predominantly
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male (96%), aged between 60 and 79 years
(71%), and lived in a rural area (72%). More
than 50% of these patients had COPD and
over a third were current smokers (Table 1).
The text search algorithm identified all of the
patients identified by the radiology diagnostic
code (n = 1,251). It also identified an additional
1,661 patients with lung nodules that other-
wise would have been missed by the radiology
code. Compared with those identified only by
the text search, those identified by both the ra-
diology coding and text search were older, had
lower Charlson comorbidity scores, and were
more likely to be a current smoker.

The text search algorithm identified more
than twice as many patients with potential lung
nodules compared with the radiology diagnos-
tic code (4,071 vs 1,363) (Table 2). However,
the text search algorithm was associated with
a much higher number of false positives than
was the diagnostic code (1,159 vs 112) and a
lower PPV (72% [95% ClI, 70.6-73.4] vs 92%
[95% CI, 90.6-93.4], respectively). The text
search algorithm identified 130 patients with
lung nodules of moderate to high risk for ma-
lignancy (> 8 mm diameter) that were not iden-
tified by the radiology code. When the PPV of
each search strategy was calculated based on
imaging studies with nodules (most patients
had > 1 imaging study), the results remained
similar (98% for radiology code and 66% for
text search). A larger proportion of the lung
nodules detected by code 44 vs the text search
algorithm were from CT chest studies.

DISCUSSION

In a population of predominantly older male
veterans with significant risk factors for lung
cancer and high incidence of incidental lung
nodules, applying a text search algorithm on
radiology reports identified a substantial num-
ber of patients with lung nodules, including
some with nodules > 8 mm, that were missed
by the radiologist-generated code.®'° Improv-
ing the yield of detection for lung nodules in a
population with high risk for lung cancer would
increase the likelihood of detecting patients
with potentially curable early-stage lung can-
cers, decreasing lung cancer mortality.

The reasons for the high number of patients
with lung nodules missed by the radiology code
are unclear. Potential explanations may include
the lack of standardization of imaging reports by
the radiologists (ie, only 21% of chest CTs used



FIGURE Radiology Reports Search Strategies

Text-Search Algorithm

Radiology diagnostic code

4,080 Imaging studies
with potential LN
(1,363 patients)

83 false positive studies

3,997 Imaging studies
with potential LN
(1,251 patients)

ICVAHCS CDW radiology reports

(1/1/2016-11/30/2016)

Chart review

1,661 Patients with LN via text search algorithm

1,251 Patients with LN via radiology code and text search

Text search algorithm

12,983 Chest-abdomen
studies with potential LN
(4,071 patients)

4,467 false positive studies

8,516 Chest-abdomen
studies with potential LN
(2,912 patients)

2,912 patients
with LN

Abbreviations: CDW, Corporate Data Warehouse; ICVAHCS, lowa City Veterans Affairs Health Care System; LN, lung nodule.

a standardized template describing a lung nod-
ule in our study), a problem well recognized both
within and outside VHA.82

The text search algorithm identified more pa-
tients with lung nodules but had a higher rate
of false positives when compared with the diag-
nostic code. The high rate of false positives re-
sulted in more charts to review and an increased
workload for the lung nodule registry team. The
challenges presented by an increased workload
should be balanced against the potential harms
of missing nodules that develop into advanced
cancer.

Text Search Adjustments

Refining the text search criteria algorithm and
the chart review process may decrease the rate
of false positives significantly without affect-
ing detection of lung nodules. In subsequent
simulations, we found that by adding an exclu-
sion criteria to text search algorithm to remove
reports with specific keywords we could sub-
stantially reduce the number of false positive re-
ports without affecting the detection rate of the

lung nodules. These exclusion criteria would
exclude any reports that: (1) contain “nodul”
within the next 8 words after mentioning “no”;
(2) contain “clear” within the next 8 words after
mentioning “lung” in the text (eg, “lungs appear
to be clear”); (3) contain “clear” within the next
4 words after mentioning “otherwise” in the text
(eg, “otherwise appear to be clear”). Based on
our study results, we further refined the text
search strategy by limiting the search to only
chest imaging studies. When we applied the re-
vised algorithm to a random sample of imaging
reports, we found all the code 44 radiology re-
ports were still captured, but we were able to re-
duce the number of radiology reports needing
review by about 80%.

Although classification approaches are being
refined to improve radiology performance in mul-
tiple categories of nodules, this study suggests
that alternative approaches based on text algo-
rithms can improve the capture of pulmonary
nodules that require surveillance. These algo-
rithms also can be used to augment radiologist
reporting systems. This represents an investment
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in resources to build a team that should include
a bioinformatics specialist, lung nodule registry
personnel (review charts of the detected imaging
studies with lung nodules, populating the lung
nodule database, and determining and track-
ing the need of imaging follow up), a lung nod-
ule clinic nurse coordinator, and a dedicated lung
nodule clinic pulmonologist.

Radiology departments could employ this
text search approach to identify missed nodules
and use an audit and feedback system to train
radiologists to code lung nodules consistently
at the time of the initial reading to avoid delays
in identifying patients with nodules. Alternatively,
the more widespread use of a standardized CT
chest radiology reports using Fleischner or the
American College of Radiology Lung Imaging
Reporting and Data System (Lung RADS) tem-
plates might improve the detection of patients
with lung nodules.5131

The VHA system should have an effective
strategy for identifying incidental lung nodules
during routine radiology examinations. Relying
only on radiologists to identify and code pulmo-
nary nodules can lead to missing a significant
number of patients with lung nodules and some
patients with early stage lung cancer who could
receive curative therapy.'>'#1® The use of a stan-
dardized algorithm, like a text search strategy,
might decrease the risk of variation in the exe-
cution and result in a more sensitive detection of
patients with lung nodules. The text search strat-
egy might be easily implemented and shared with
other hospitals both within and outside the VHA.

Limitations

This study was performed in a single VHA hos-
pital and the findings may not be generalizable
to other settings of care. Second, our study de-
sign is susceptible to work-up bias because
the results of a diagnostic test (eg, chest or ab-
domen imaging) affected whether the chart re-
view was used to verify the test result. It was
not feasible to review the patient records of all
radiology studies done at the facility during the
study period, consequently complete 2 x 2 ta-
bles could not be created to calculate sensitiv-
ity, specificity, and negative predictive value.

CONCLUSION

A text search algorithm of radiology reports in-
creased the detection of patients with lung nod-
ules when compared with radiology diagnostic
coding alone. However, the improved detec-
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tion was associated with a higher rate of false
positives, which requires manually reviewing a
larger number of patient’s chart reports. Future
research and quality improvement should focus
on standardizing the radiology reporting process
and improving the efficiency and reliability of fol-
low up and tracking of incidental lung nodules.
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