What’s in a Name? Factors Associated with Documentation and
Evaluation of Incidental Pulmonary Nodules

Muhammad Nouman Igbal’?, Emily Stott®, Anne M. HumI**®, Vidya Krishnan'?, Ciaran Joseph Scallan?,

Jawid Darvesh?, Karthik Kode?, Chloe Castro®, Naveen Turlapati®

, Clare Landefeld®, Julie Pencak®, Maria Cedefio®,

William Baughman’, Catherine Sullivan®, and J. Daryl Thornton'2°

"Division of Pulmonary, Critical Care, and Sleep Medicine, ?Department of Internal Medicine, °Center for Reducing Health Disparities,
and 7Department of Radiology, MetroHealth Campus of Case Western Reserve University, Cleveland Ohlo 3School of Medicine
and ®Cleveland Clinic Lerner College of Medicine, Case Western Reserve University, Cleveland, Ohio; and “Division of Nephrology,

University Hospitals, Cleveland, Ohio
ORCID ID: 0000-0002-1356-0280 (J.D.T.).

Abstract

Rationale: Radiologist reports of pulmonary nodules discovered
incidentally on computed tomographic (CT) images of the chest may
influence subsequent evaluation and management.

Objectives: We sought to determine the impact of the terminology
used by radiologists to report incidental pulmonary nodules on
subsequent documentation and evaluation of the nodules by the
ordering or primary care provider.

Methods: We conducted a retrospective cohort study of patients
with incidentally discovered pulmonary nodules detected on CT
chest examinations performed during 2010 in a large urban safety net
medical system located in northeastern Ohio.

Measurements and Main Results: Twelve different terms were
used to describe 344 incidental pulmonary nodules. Most nodules
(181 [53%]) were documented in a subsequent progress note by the
provider, and 140 (41%) triggered subsequent clinical activity. In a
multivariable analysis, incidental pulmonary nodules described in
radiology reports using the terms density (odds ratio [OR], 0.06; 95%

confidence interval [CI], 0.01-0.47), granuloma (OR, 0.07; 95% CI,
0.01-0.65), or opacity (OR, 0.09; 95% CI, 0.01-0.68) were less likely to
be documented by the provider than those that used the term mass.
Patients with nodules described in radiology reports using the term
nodule (OR, 0.15; 95% CI, 0.02-0.99), nodular density (OR, 0.09; 95%
CI, 0.01-0.63), granuloma (OR, 0.06; 95% CI, 0.01-0.69), or opacity
(OR, 0.05; 95% CI, 0.01-0.43) were less likely to receive follow-up
than were patients with nodules described using the term mass.
The factor most strongly associated with follow-up of pulmonary
nodules was documentation by the provider (OR, 5.85; 95% CI,
2.93-11.7).

Conclusions: Within one multifacility urban health system in the
United States, the terms used by radiologists to describe incidental
pulmonary nodules were associated with documentation of the
nodule by the ordering physician and subsequent follow-up.
Standard terminology should be used to describe pulmonary nodules
to improve patient outcomes.
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Computed tomographic (CT) scanners

are widely available, and their use continues
to increase (1). Recently, it was reported
that 23 chest CT scans are performed for
every 1,000 patients, which approximates to
7 million scans being performed annually
(2). This surge in imaging has led to an
increase in the identification of incidental
findings, particularly those of incidental
pulmonary nodules. It is estimated that
each year over 1.2 million Americans are
diagnosed with a new pulmonary nodule (3).

While guidelines regarding the
management of pulmonary nodules have been
released (4-6), uptake among patients,
providers, and health care systems continues
to evolve (7-9). As a result, there is substantial
variation in pulmonary nodule evaluation.
Radiologists may play an important role in the
evaluation of incidental pulmonary nodules, as
their interpretation of chest CT images may
guide subsequent follow-up. For example,
Blagev and colleagues found that incidental
pulmonary nodules identified on pulmonary
angiograms ordered in the emergency
department infrequently underwent further
evaluation (29%), particularly when the
incidental pulmonary nodules were mentioned
only in the findings section of the radiologic
report (0%) (10). It remains unclear if similar
findings occur with reports of CT scans and, if
so, what other aspects of the radiologic report
are associated with recognition and evaluation
of the nodule by the ordering physician.

We sought to identify factors in the
radiology report that were associated with
documentation and follow-up of incidental
pulmonary nodules by the ordering or
primary care provider. We also wanted to
determine whether certain words used by
radiologists to describe incidental
pulmonary nodules were associated with
provider documentation and follow-up.

Methods

Subjects

This retrospective cohort study was
conducted at an urban safety net medical
system in northeastern Ohio that includes a
large tertiary care hospital, a level I trauma
center, and over a dozen ambulatory centers
in poor and wealthy communities. We
manually reviewed the radiology reports of
all nonhospitalized patients undergoing
incident CT scans incorporating all lung
fields that were performed in 2010. Patients
who underwent CT scans for surveillance of

previously diagnosed cancer were excluded.
CT scan slices were 3 mm thick with soft
tissue reconstructions. High-resolution CT
scan protocols included contiguous
imaging. The study was approved by the
institutional review board of The
MetroHealth System, Cleveland, Ohio
(protocol number 14-00396).

Study Variables

Patients whose radiology reports described
new incidental pulmonary nodules were
included in the study. Incidental pulmonary
nodules were defined as discrete lesions up
to 3 cm in diameter that were completely
surrounded by lung and without associated
atelectasis or adenopathy (11, 12). The term
used to describe the nodule was recorded on
standardized abstraction forms, as were the
nodule characteristics, total number of
nodules, sections of the report where the
nodule was described, ordering provider,
primary care provider, whether the
radiologist mentioned communicating the
findings to the ordering or primary care
provider, the type of CT scan performed,
and the interpreting radiologist. The
radiology report was also reviewed for the
type of follow-up recommended by the
radiologist, including mention of the
Fleischner Society Guidelines for management
of pulmonary nodules (4). The Department of
Radiology provided information regarding
which radiologists had completed a fellowship
in chest and body imaging.

Patient demographic information was
downloaded from the electronic health records.
Downloaded data included patient age, sex,
race, ethnicity, language preference, smoking
status, primary care provider, and insurance
status. Patient mortality was determined by
electronic health record review and by query of
the Ohio Death Certificate Registry 24 months
following the incident CT scan.

Outcomes

The primary outcome was progress note
documentation of the incidental pulmonary
nodule by the patient’s primary care
provider or the provider who ordered the
incident CT scan over the subsequent

2 years. The secondary outcome was
subsequent evaluation of the nodule by
subspecialist consultation (oncology,
pulmonary, or thoracic surgery), imaging
(CT or PET), or biopsy over 2 years. Health
information for patients who received
subsequent care at another facility was not
obtained.
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Data Abstractor Training

Prior to study initiation, a comprehensive
chart review methodology was constructed.
Standardized abstraction forms were created
and pilot tested on CT scan reports of

100 patients not included in the study. Six
physician reviewers (M.N.I, CJ.S., ].D,,
KK, C.C, and N.T.) reviewed the study
methodology and collectively reviewed
patient charts until an agreement of greater
than 90% was achieved on abstracted data.
Upon initiation of the study, all charts were
reviewed by at least two reviewers. Any
discrepancies were adjudicated by a third
reviewer. Data abstraction forms were
entered into the study database in duplicate.
Discrepancies were adjudicated by a

third investigator.

Statistical Analysis

We employed descriptive statistics
(percentages, means, and SDs) to describe
the characteristics of the patients and

the radiology reports. Because nodule

size was not normally distributed, median
and interquartile range were reported.
The chi-square test and Student’s ¢ test
were used to determine the univariate
relationship between nodule
documentation in provider progress notes
and patient and radiology report
characteristics. The Mann-Whitney U test
was used to evaluate the relationship
between nodule size and nodule
documentation.

Logistic regression was used to
determine the multivariable relationship
between nodule documentation by
providers (dependent variable) and patient
and radiology report characteristics.
Variables that were included in the model
a priori were age, sex, race, ethnicity,
language, insurance status, smoking status,
type of CT scan, tertiles of nodule size, term
used to describe the nodule, number of
nodules, radiologist specialty, where the
nodule was mentioned in the radiology
report, whether the radiology report
mentioned the need for follow-up, whether
the radiology report mentioned
communicating the findings to the ordering
physician, and the number of visits with
the primary care provider over the next
2 years. A similar approach was used to
determine the multivariable relationship
between subsequent evaluation of
pulmonary nodules and patient and
radiology report characteristics.
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Documentation of the nodule in provider
progress notes was also added to this
model.

In both models, tertiles of nodule
size were used to reflect the skewed
distribution of the variable. P values less
than 0.05 or 95% confidence intervals (CIs)
that excluded 1.00 were considered
statistically significant. All statistical
analyses were performed using Stata
statistical software (release 14; StataCorp,
College Station, TX).

Results

Patient Characteristics

In 2010, 2,353 patients underwent CT scans
in the ambulatory setting that incorporated
all portions of the lungs (Figure 1). Of the
2,353 patients, 344 (15%) were diagnosed
with new incidental pulmonary nodules

in the reports of 20 radiologists. The
demographic characteristics of the 344 patients
with new incidental pulmonary nodules are
listed in Table 1. Over half (182 [53%)]) of the
patients with nodules were women. The
patients’ average age was 53.5 = 164 years.
Patients with nodules were mostly non-
Hispanic black (97 [28%]) or from another
racial or ethnic group (112 [33%]). Smoking
status was not available for 121 (35%) patients.
Of the 223 patients with a documented
smoking status, 76 (22%) were current
smokers, and 81 (24%) were former smokers.
CT scans of the chest with contrast (128
[37%]) were most commonly performed,
followed by CT angiograms to detect
pulmonary emboli (76 [22%)]).

Nodule Characteristics
The size of the nodule was mentioned in the
radiology reports of 224 (65%) patients.
Among those nodules with a size reported,
the median greatest diameter was 6.0 mm
(IQR, 4.0-9.9 mm). The majority of
nodules were multiple (176 [51%]).

Radiologists recommended follow-up
of 197 (57%) of the incidental pulmonary
nodules. The Fleischner Society guidelines were
mentioned in 27 (8%) radiology reports, and
the recommended time for follow-up was
mentioned in 148 (43%) reports. When the
Fleischner Society guidelines and time of
follow-up were mentioned in the same report,
the time of follow-up was not always consistent
with the actual Fleischner guidelines. The
median number of months recommended for
follow-up was 6, with a range from 1 to 12
(IQR, 3-6). A follow-up was recommended
without mention of time in 13 (5%) reports.
There was no relationship between reported
nodule size and mention of the Fleischner
Society guidelines (P = 0.67). No follow-up was
mentioned in 136 (39%) of the reports, while
14 (4%) reports commented that no additional
follow-up was needed.

Twelve different terms were used
to describe the incidental pulmonary
nodules that were identified. The most
common term was nodule (180 [52%]),
followed by nodular density (49 [14%]) and
opacity (24 [7%]). Despite no nodules being
larger than 3 cm in diameter, the term mass
was used in 14 patients (4%). Additional
terms (<1%) used less frequently to
describe incidental pulmonary nodules
included nodular opacity, irregular
nodularity, lesion, nodular scarring, and
hypodensity. The association between

2353 Outpatient CT Scan Reports Reviewed

2009 Charts Excluded

56 Lung mass (>3 cm)

409 Follow up of Prior Nodule
513 History of malignancy
1031 No nodule

344 Charts Included in Final Analysis

Figure 1. Study flow diagram. CT = computed tomographic.
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median greatest nodule size and term used
to describe the nodule in the radiology
report is depicted in Figure 2.

Nodules were described as calcified
(33 [9.5%)), noncalcified (31 [8.9%)), regular
(20 [5.8%]), or irregular (14 [4%]). None
were described as spiculated or solid, but one
was described as nonspiculated (<1%) and
another as part solid. Among nodules that
were characterized as calcified, terms used to
describe them were nodule, nodular density,
granuloma, and opacity. Six noncalcified
nodules were classified as a granuloma.

Radiologist Characteristics

Of the 20 radiologists who reported the
incidental pulmonary nodules, 7 (35%)
received additional training in chest and body
imaging. The average years in practice
following residency was 15.6 = 8.5 years for
chest and body-trained radiologists, compared
with 19.2 £ 104 years for radiologists who
were not trained in chest and body imaging
(P < 0.001). Chest and body radiologists
identified incidental pulmonary nodules in 193
(56%) patients, while radiologists without chest
and body training identified pulmonary
nodules in 151 (44%) patients. Similar terms
were used to describe the nodules among
radiologists in both groups, but the proportion
of the terms used differed (P = 0.01). Chest
and body radiologists were as likely as non-
chest and body radiologists to use the terms
nodule (54% vs. 50%; P = 0.38) and granuloma
(4% vs. 9%; P =0.05). However, chest and
body radiologists were less likely to use the
term mass (1% vs. 8%; P=0.001).

Patient Outcomes

Among the patients with nodules, 181 (53%)
had their nodules documented by their
primary care provider or the provider who
ordered the CT scan. In a univariate
analysis, when the size of the nodule was
mentioned in the radiology report,
providers were more likely to describe the
nodule in their follow-up progress notes
(75% vs. 53%; P < 0.001). In a univariate
analysis of radiology reports that recorded
nodule size, larger-diameter nodules were
also more likely to be documented by
providers in follow-up (9.5 £ 6.8 mm vs.
6.1 = 4.1 mm; P<0.001). However, in a
multivariable analysis of nodule, patient,
and radiologist characteristics associated
with documentation of the nodules by
providers in follow-up, neither nodule size
nor whether the nodule size was reported
was found to be significant (Table 2).
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Table 1. Comparison of nodule documentation and follow-up among study patients

Characteristics

Sex
Female
Male
Age, yr, mean = SD
Race and/or ethnicity
White, not Hispanic
Black, not Hispanic
Other or not reported
Preferred language
English
Other
Insurance
Uninsured
Medicaid/Medicare
Private
Smoking
Never
Former
Current
Not assessed
CT type
CT of chest with contrast
CT angiogram (PE protocol)
CT of chest without contrast
CT of chest, abdomen, and
pelvis with contrast
CT of chest, abdomen, and
pelvis without contrast
High-resolution chest CT
Other
Nodule size was reported
Nodule size, mm, median (IQR)
Nodule number
Single
Multiple
Radiologist’s description of nodule
Mass
Nodule
Ground glass
Density
Nodular density
Granuloma
Opacity
Other
Radiologist’s specialty
Not chest and body
Chest and body
Report location where nodule
was mentioned
Findings and impression
Findings only
Impression only
Radiologist’s report
recommended follow-up
Fleischner statement included
Radiologist’s report mentioned
communication of findings
to ordering provider
Number of PCP visits in subsequent
2 yr, mean * SD
Death

Documentation of Nodule

Follow-Up of Nodule

All Patients Documentation No P Value* Follow-Up No Follow-Up P Value?
(n =344) (n=181) Documentation (n = 140) (n =204)
(n=163)

182 (53) 101 (56) 81 (50) 0.26 79 (56) 103 (50) 0.28

162 (47) 80 (44) 82 (50) 61 (44) 101 (50)
53.5+16.4 58.0 £ 14.7 48.4 = 16.7 <0.001 57.8x12.9 50.5+17.8 <0.001

135 (39) 80 (44) 55 (34) <0.001 63 (45) 72 (35) <0.001
97 (28) 61 (34) 36 (22) 53 (38) 44 (22)

112 (33) 40 (22) 72 (44) 24 (17) 88 (43)

277 (81) 158 (87) 119 (73) 0.001 125 (89) 152 (75) 0.001
67 (19) 23 (13) 44 (27) 15 (11) 52 (25)

72 (21) 38 (21) 34 (21) 0.04 38 (27) 34 (17) 0.03

167 (49) 98 (54) 69 (42) 67 (48) 100 (49)

105 (30) 45 (25) 60 (37) 35 (25) 70 (34)

66 (19) 33 (18) 33 (20) <0.001 22 (16) 44 (21) 0.005
81 (24) 57 (32) 24 (15) 45 (32) 36 (18)
76 (22) 45 (25) 31 (19) 34 (24) 42 (21)

121 (35) 46 (25) 75 (46) 39 (28) 82 (40)

128 (37) 83 (46) 45 (28) <0.001 70 (50) 58 (28) <0.001
76 (22) 32 (17) 44 (27) 21 (15) 55 (27)

71 (20) 45 (25) 26 (16) 36 (26) 35 (17)
47 (14) 14 (8) 33 (20) 32 44 (22)
6 (2 1(0.5) 5 (3) 2(1) 42
10 (3) 5(3) 5 (3) 7 (5) 3 (1.5)
6 (2) 1(0.5) 5(3) 1(1) 5 (2.5)

222 (65) 136 (75) 86 (53) <0.001 102 (73) 120 (59) 0.008
6.0 (4.0-9.9) 7.0 (4.2-11) 5.0 (3-8) <0.001 7.65 (5-12) 5 (3-8) <0.001

168 (49) 79 (44) 89 (55) 0.04 68 (49) 100 (49) 0.9

176 (51) 102 (56) 74 (45) 72 (51) 104 (51)

14 (4) 11 (6) 3 0.002 11 (8) 3 0.002

180 (52) 106 (59) 74 (46) 0.002 81 (58) 99 (48)

15 (4) 8 (4) 7 @4) 6 (4) 9 (4)
18 (5) 6 (3) 12 (7) 9 (6) 9 (4)
49 (14) 26 (14) 23 (14) 17 (12) 32 (16)
20 (6) 3 17 (11) 3 17 (8)
24 (7) 9 (5) 15 (9) 4 (3) 20 (10)
24 (7) 12 (7) 12 (7) 9 (6) 15 (7)

151 (44) 79 (44) 72 (44) 0.92 57 (41) 94 (46) 0.32

193 (56) 102 (56) 91 (56) 83 (59) 110 (54)

291 (85) 174 (96) 117 (72) <0.001 132 (94) 159 (78) < 0.001
50 (14) 7 @) 43 (26) 8 (6) 42 (21)

3(1) 0 3 0 3(1)

197 (57) 132 (73) 65 (40) <0.001 97 (69) 100 (49) <0.001
27 (8) 16 (9) 11.(7) 0.47 9 (6) 18 (9) 0.42
20 (6) 10 (6) 10 (6) 0.81 8 (6) 12 (6) 0.95
1.91 + 3.68 2.75+4.34 0.98 +2.47 <0.001 2.783+399 1.35%=3.35 <0.001
34 (10) 24 (13) 10 (6) 0.03 15 (11) 19 (9.5) 0.71

Definition of abbreviations: CT = computed tomography; IQR = interquartile range; PCP = primary care provider; PE = pulmonary embolism.
Data are presented as number (percent) unless otherwise specified.
*P value represents comparison of characteristics between group with documentation and group with no documentation.
P value represents comparison of characteristics between group with follow-up and group with no follow-up.

Igbal, Stott, Huml, et al.: Radiologist Terminology and IPN Evaluation
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Term Used to Describe Nodule

Figure 2. Relationship between reported nodule diameter and term used to describe nodule in
radiologists’ reports (n =224). Ground-glass nodules were not included, owing to the small sample

in which size was reported.

Patients met with their primary care
providers 1.91 * 3.68 times following
identification of the pulmonary nodule over
the subsequent 2 years. In the univariate
analysis, patients who had their nodules
documented met more frequently with their
providers (2.73 * 4.33 times vs. 1 = 2.47
times; P < 0.001). This association was
also found in the multivariable analysis
(OR, 1.11; 95% CI, 1.01-1.21).

Additional factors that were
independently associated with
documentation of the incidental pulmonary
nodule by the ordering or primary care
provider are listed in Table 2. Minorities
who were not black were less likely than
white individuals to have a nodule
documented independent of their language
preference (OR, 0.41; 95% CI, 0.18-0.94).
When the radiologists mentioned the
nodule only in the findings section of the
report, the nodule was less likely to be
documented (OR, 0.30, 95% CI, 0.1-0.85).
Incidental pulmonary nodules described in
the radiology report as density (OR, 0.06;
95% CI, 0.01-0.47), granuloma (OR, 0.07;
95% CI, 0.01-0.65), and opacity (OR, 0.09;
95% CI, 0.01-0.68) were less likely to be
documented than nodules described as mass.
There was no difference in documentation
between patients who had CT scans
interpreted by radiologists with chest and body
training and those patients who had CT scans
interpreted by radiologists without chest and
body training (OR, 1.09 95% CI, 0.61-1.95).

Of the newly diagnosed incidental
pulmonary nodules, 140 (41%) received

1708

subsequent follow-up. The forms of follow-
up included repeat CT (107 [76%]),
pulmonary referral (54 [39%]),
bronchoscopy (16 [11%]), CT-guided
biopsy (11 [8%]), and thoracic surgery
referral (7 [5%]). Many patients

received more than one form of follow-up,
such as repeat CT scan and subspecialty
referral.

The majority (114 [63%]) of
documented nodules received follow-up,
but only 27 of the 67 (40%) of those that did
not receive documentation were followed
(P <0.001). The factor most strongly
associated with follow-up of the nodule was
documentation by the ordering or primary
care provider (OR, 5.85; 95% CI, 2.93—-
11.7). Additional factors that were
independently associated with follow-up
of the incidental pulmonary nodules are
listed in Table 2. Patients with incidental
pulmonary nodules whose radiology
report used the term nodule (OR, 0.15;
95% CI, 0.02-0.99), nodular density
(OR, 0.09; 95% CI, 0.01-0.63), granuloma
(OR, 0.06; 95% CI, 0.01-0.69), or opacity
(OR, 0.05; 95% CI, 0.01-0.43) were less
likely to receive follow-up compared
with patients with reports using the
term mass. There was no difference
in follow-up between patients who
had CT scans interpreted by radiologists
with chest and body training and
those patients who had CT scans
interpreted by radiologists without chest
and body training (OR, 1.76; 95%

CI, 0.94-3.29).

Of the 34 pulmonary nodules that
underwent biopsy, 26 (76%) were found to
be cancerous (lung and other malignancies).
Noncancerous diagnoses included
granulomatosis with polyangiitis,
sarcoidosis, and chronic granulomatous
infections. Within 2 years of pulmonary
nodule diagnosis, 34 (10%) patients died.
Most patients who died had documentation
of their pulmonary nodules (26 [76%]).
There was no difference in mortality at
2 years between those who underwent
follow-up (15 [11%]) and those who did not
(19 [9%]; P = 0.71).

Discussion

Over half of the patients with incidental
pulmonary nodules detected by CT scans at
a large urban safety net medical system had
some form of documentation by the
ordering or primary care provider.
However, fewer than half of the patients
underwent follow-up. In addition, there was
significant variability in documentation and
follow-up of the nodules, depending on the
terms used by the radiologists to describe
them. This suggests that the language
used by interpreting radiologists may
significantly impact nodule documentation,
evaluation, and management.

Preston Hickey, the first editor of the
American Journal of Roentgenology, is
credited with encouraging use of the word
radiograph as standard terminology to
describe images produced by X-rays (13).
In 1904, recognizing the emerging
importance of the radiologic report, he
coined the term interpretation to describe
the systematic method of describing
radiologic findings and their implications
(14). Throughout his career, he continued
to push for adoption of standardized
nomenclature and reporting similar to that
used in pathology (15). The Hickey method
remains the foundation upon which many
modern radiology reports are based (13).
However, despite the many advances that
have occurred in radiology since Hickey’s
tenure, there remains a need for a
systematic approach to reporting radiologic
findings that communicates clinically
relevant information to the ordering
physician (16, 17).

In addition to terminology, there is
significant variability in conformity with
nodule management guidelines, despite the
fact that the Fleischner Society guidelines

AnnalsATS Volume 13 Number 10| October 2016
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Table 2. Multivariable logistic regression models identifying factors associated with
documentation and follow-up of incidental pulmonary nodules

Factor

Sex
Female
Male
Age, by decade increment
Race and/or ethnicity
White
Black
Other or not reported
Preferred language
English
Other
Insurance
Uninsured
Medicaid/Medicare
Private
Smoking
Never
Former
Current
Not assessed
CT type
CT chest with contrast
CT angiogram (PE protocol)
CT chest without contrast
CT chest, abdomen, and pelvis
with contrast
CT chest, abdomen, and pelvis
without contrast
High-resolution chest CT
Other
Nodule size
<4.6 mm
4.6-8 mm
8-30 mm
Not reported
Nodule number
Single
Multiple
Radiologist’s description of nodule
Mass
Nodule
Ground glass
Density
Nodular density
Granuloma
Opacity
Other
Radiologist’s specialty
Not chest and body
Chest and body
Report location where nodule was mentioned
Findings and impression
Findings only
Impression only
Radiologist’s report recommended follow-up

Radiologist’s report mentioned communication of

findings to ordering provider
Number of PCP visits in subsequent 2 yr
PCP-documented nodule

Documentation,
OR (95% ClI)

Reference
1.16 (0.64-2.13)
1.14 (0.93-1.41)

Reference
0.98 (0.49-1.94)
0.41 (0.18-0.94)

Reference
1.06 (0.42-2.66)

Reference
1.04 (0.48-2.26)
0.80 (0.36-1.79)

Reference
2.10 (0.87-5.06)
1.12 (0.47-2.65)
0.71 (0.32-1.60)

Reference
0.56 (0.25-1.28)
0.77 (0.35-1.73)
0.4 (0.16-1.01)

0.08 (0-1.12)

0.2 (0.04-0.94)
0.12 (0-2.25)

Reference
1.15 (0.51-2.63)
2.35 (0.95-5.8)
1.06 (0.45-2.49)

Reference
1.65 (0.94-2.9)

Reference
0.24 (0.04-1.32)
0.2 (0.02-1.7)
0.06 (0.01-0.47)
0.24 (0.04-1.32)
0.07 (0.01-0.65)
0.09 (0.01-0.68)
0.16 (0.02-1.06)

Reference
1.09 (0.61-1.95)

Reference
0.30 (0.10-0.85)
Omitted
2.57 (1.31-5.06)
0.61 (0.18-2.08)

1.11 (1.01-1.21)

Follow-Up,
OR (95% CI)

Reference
0.89 (0.47-1.68)
1.16 (0.92-1.48)

Reference
1.54 (0.76-3.11)
0.22 (0.08-0.59)

Reference
1.48 (0.47-4.66)

Reference
0.21 (0.08-0.49)
0.25 (0.10-0.64)

eference
1.74 (0.69-4.38)
1.33 (0.52-3.38)
1.78 (0.70-4.55)
eference

0.38 (0.16-0.94)
0.60 (0.27-1.31)
0.06 (0.01-0.25)
0.93 (0.06-13.2)

R
4
3
8
R
38
60
06
93
1.88 (0.33-10.6)
0.25 (0.01-3.93)
Reference
1.79 (0.73-4.38)
3.04 (1.19-7.77)
1.79 (0.69-4.62)
Reference
0.74 (0.40-1.36)

Reference

Reference
1.76 (0.94-3.29)

Reference
0.74 (0.24-2.27)
Omitted
1.03 (0.49-2.20)
0.52 (0.13-2.06)
04 (0.96-1.12)
85

T
5.85 (2.93-11.7)

Definition of abbreviations: Cl = confidence interval; CT = computed tomography; OR = odds ratio;

PCP = primary care provider; PE = puimonary embolism.
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were released in 2005 (4). In a 2010 survey
of 834 radiologists, 78% were aware of the
guidelines, and 59% worked in practices
that used some form of nodule guidelines.
However, management decisions that were
consistent with the guidelines ranged from
35 to 61% (18). A 2011 survey of 27
radiologists at 3 geographically dispersed
academic institutions adhered with the
guidelines 69% of the time (19).
Radiologists’ guideline adherence for
nodules may be affected by practice
location, particularly if the practice is
located in an endemic region of
granulomatous disease (20).

The American College of Radiology has
developed the Lung Imaging Reporting and
Data System (Lung-RADS) as a quality
assurance tool to standardize lung cancer
screening CT reporting and management
recommendations (http://www.acr.org/
quality-safety/resources/lungrads).
Implementation of the Lung-RADS system
may be an effective way of improving the
performance of lung cancer screening
programs (21). While assessment categories
and management recommendations for
Lung-RADS have been developed, a
complete lexicon to standardize the
language used in CT reports has yet to
be released. With incorporation into
the electronic health record and
standardization of terminology, Lung-
RADS may be an even more effective tool
for improving patient outcomes.

Variability in radiologist reporting is
not unique to pulmonary findings. For
example, in CT and magnetic resonance
imaging of the thyroid, radiologists disagree
on when to report incidental nodules,
particularly in patients with a history of lung
cancer (22). In a study of calcifications
detected by mammography, radiologists
inconsistently used terminology to describe
their findings—more than 50 terms were
used to describe the findings (23). This
suggests that standardized reporting across
radiology may remain as important today
as it was when Hickey advocated for it.

Our findings are consistent with those
of others. A recent evaluation of 300 patients
with pulmonary nodules revealed that the
strongest predictor of guideline-inconsistent
management was guideline-inconsistent
radiologist recommendations (24). In a
cohort of 419 patients with incidentally
detected lung nodules on CT scans,
radiologists recommended additional CT
surveillance in 74% of patients (25). Only
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48% of the patients underwent at least one
recommended surveillance chest CT scan.
The likelihood of CT surveillance increased if
the result of the CT scan was communicated
to the patient (OR, 2.2, 95% CI, 1.3-4.0) or
the referring physician (OR, 2.8; 95% CI, 1.7-
4.5). In our present study, radiologists
recommended follow-up less often (56%),
and 41% of patients underwent nodule
follow-up. After adjusting for other factors
such as nodule terminology, we did not
find that radiologist documentation of
communication with the provider increased
documentation or follow-up of the nodule.
This suggests that factors such as nodule
terminology may confound the relationship
between documentation of communication
with the provider and documentation or
follow-up of the nodule. These findings
should be clarified in subsequent studies and
may reinforce the need to promote a
standard lexicon in nodule documentation.
Recent work has helped to elucidate
the reasons why primary care practitioners
depend on the findings of the radiology report
of incidental pulmonary nodules to guide their
follow-up decisions. A focus group study of
primary care providers determined that they
lack the time, knowledge, and resources
necessary to provide adequate services to
patients with incidental pulmonary nodules (9).
In addition, many expressed that they did not

include patients when making decisions
regarding nodule follow-up. There may be
opportunities to develop joint radiology and
primary care interventions to enhance nodule
evaluation and management.

Strengths and Limitations

The strengths of this study include the large
sample size of patients across diverse
ambulatory settings, including urgent care and
emergency departments. The study population
underwent CT scans in usual care settings rather
than in the context of a study or other
specialized setting. Each CT scan report was
reviewed manually in duplicate by trained
physician abstractors. The electronic health
record of each patient was reviewed over 2 years
following nodule identification to determine
whether the nodule had been documented,
whether subsequent management had occurred,
and whether the patient had died.

This study has several limitations. The
study included patients in a single health care
system. It is possible that patients underwent
further evaluation of their nodules in another
health care system. However, recent data
suggest that patients who receive care in
different systems are particularly vulnerable to
lack of follow-up (25, 26). Regardless of where
follow-up occurred, initial documentation of
the incidental pulmonary nodules by the
ordering provider should have occurred.

Studies of trauma patients with incidental
findings detected on imaging have confirmed
lower rates of both documentation (15-48%)
and follow-up (49%) (27, 28). This is likely due
to poor communication between health care
systems as well as between providers and
patients.

The low mortality rate precluded us
from determining which terms used by
radiologists to describe incidental
pulmonary nodules were independently
associated with death. In addition, the study
design precludes us from determining the
specific reasons why radiologists chose the
terms used to describe nodules. Also, some
subgroups had relatively few patients.

Conclusions

The term used by radiologists to describe
incidental pulmonary nodules is associated
with provider documentation and nodule
follow-up. Additional work is needed to
determine the best ways of increasing provider
recognition, communication, and management
of incidental pulmonary nodules. In particular,
it is important to determine if standardized
terminology within CT scan reports results in
improved patient outcomes. M

Author disclosures are available with the text
of this article at www.atsjournals.org.
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