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Abstract

Introduction: With the increased use of computed tomography (CT) imaging, lung nodules

are found yearly requiring tracking and guideline directed follow up imaging. We describe the
structure of a clinic dedicated to lung nodule tracking, patient education and the outcomes of lung
nodule follow up.

Methods: Patient electronic medical record charts were reviewed for lung nodules requiring
tracking to determine if a follow up study was ordered, completed by the patient, and completed
in an appropriate time frame. Patients were grouped based on referral to pulmonary clinic, lung
mass clinic, or no subspecialty clinic. 700 CT reports were extracted from the electronic medical
record of which 350 (50%) had lung nodules reported on CT, and 111 (15.9%) were lung nodules
that additionally recommended discrete follow up in the radiologist report at the Veterans Health
Administration hospital in Baltimore. Of these 111 patients, 95% were male and 5% were female.
The mean age of the population was 66.3 + 7.7 years.

Results and Discussion: Patients seen in the lung mass clinic had a statistically significant
higher rate of the follow up study being ordered by the provider. The lung mass clinic also had
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a higher percentage of patients who completed the study and completed the study within the
recommended time frame, however, this was not statistically significant.

Conclusion: A dedicated lung mass clinic should be considered as a method of improving lung
nodule tracking with the added benefit of patient education and multidisciplinary care.

Introduction

Methods

Every year a multitude of lung nodules are detected on imaging either incidentally or
during lung cancer screening [1]. In a study of eight Veteran’s Hospitals, approximately
60% of lung cancer screening computed tomography (CT) scans resulted in discovery of a
nodule [2]. Once located, a nodule often requires further monitoring or workup as per set
guidelines.

In the current process at the Baltimore Veterans Affairs (VA) Medical Center, physicians are
notified of non-urgent pulmonary nodules via a paper-based reporting system. At the time of
notification, the provider can refer the patient to a lung mass clinic, a pulmonary clinic, or a

schedule to follow up CT scan independently. The lung mass clinic is designed to determine
and complete appropriate assessment of lung nodules or masses.

Studies have shown that nodules are not followed up as recommended by guidelines, leading
providers and institutions to re-evaluate their nodule tracking process [3]. Data on the utility
of this type of specialty clinic is limited. We aimed to assess the rate of follow up for lung
nodules at the Baltimore VA as stratified by clinic referral.

CT scan reports containing the word ‘nodule’ were extracted from the Baltimore VA’s
radiology report that were completed during the months of June and July of 2016. Reports
with a lung nodule and a recommendation for follow up imaging by the radiologist were
identified. Indication for CT was categorized into the following: symptoms suggestive of
lung cancer, symptoms not likely related to lung cancer, lung cancer screening, follow up of
a known pulmonary nodule, or other. CT report text was used to categorize the size, location,
and description of the largest nodule. The electronic medical record (EMR) was reviewed to
determine if follow up imaging was ordered by the provider and completed by the patient.
The EMR was also used to determine if the patient was referred to or seen in the pulmonary
clinic or the lung mass clinic. Those who were referred to neither pulmonary clinic or lung
mass clinic were categorized as ‘no clinic’. Adequate follow up was defined as imaging
completed 30 days after the recommended date or any time before the recommended date.
This retrospective study was sanctioned by the Veteran’s Health Administration as a Quality
Improvement project.

Data Collection and Analysis

Demographics were collected on all subjects, including smoking status (yes or no), presence
of history of Chronic Obstructive Pulmonary Disease (COPD) and nodule size. All data

was expressed in mean + standard deviation, or counts and percentage, unless otherwise
specified. Means were compared using student’s t-test. Proportions were compared using
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Chi-square testing. Specifically, the proportion of patients who were not followed in clinic,
versus followed in pulmonary clinic, versus followed in lung mass clinic but had a CT
ordered were compared across clinic groups. Similarly, those with a CT completed and
completed adequately were also compared across the same three clinic groups. A two tailed
p-value of less than or equal to 0.05 indicated statistical significance.

At the Baltimore VA from June to July 2016, there were 700 CT reports with the word
nodule (Table 1). Out of the 700 CT reports, 350 were lung nodules located on CT, and
111 were lung nodules that additionally recommended discrete follow up in the radiologist
report. Of these 111 patients, 95% were male and 5% were female. The mean age of the
population was 66.3 + 7.7 years. There was no statistical significance in demographics
between demographics including age, gender, race, or smoking status.

The reason for the initial CT scan was most often follow up of a known pulmonary nodule
(Table 2). The mean time of recommended follow up by the radiologist was 6.7 + 4.6
months. As shown in Table 1, 39 (35%) nodules were less than 5 millimeters (mm), 50
(45%) nodules were 5 to 8mm, 9 (8%) nodules were 9 to 10mm, 10 (9%) nodules were

11 to 20mm, 1 (0.9%) nodule was 21 to 30mm, and 2 (2%) nodules were greater than
30mm. Forty-two (37.8%) nodules were located in the upper lobe. Eighty-two (73.9%) were
classified as solid without spiculation or lobulation, with the remaining 29 nodules split into
solid with spiculation or lobulation, semi-solid, and pure ground glass (9.0%, 9.9%, 7.2%
respectively).

Out of 111 patients, 88 (79.3%) had the follow up study ordered, 73 (65.8%) had the follow
up study completed, and 54 (48.6%) completed adequate follow up. The 57 (51%) patients
with inadequate follow up had a mean age of 67.4 + 7.6 years. Thirty-one (54.4%) nodules
were less than 5 millimeters (mm), 19 (33.3%) nodules were 5 to 8mm, 2 (3.5%) nodules
were 9 to 10mm, 3 (5.3%) nodules were 11 to 20 mm, 0 (0.0%) nodules were 20-30mm, and
2 (3.5%) nodules were greater than 30mm. Twenty-six (45.6%) nodules were located in the
upper lobe. Forty-three (75.4%) were classified as solid without spiculation or lobulation,
with the remaining 14 nodules split into solid with spiculation or lobulation, semi-solid, and
pure ground glass (10.5%, 7.0%, 7.0% respectively).

Thirty-three (29.7%) patients were seen in lung mass clinic, 20 (18.0%) were seen in
pulmonary clinic, and 58 (52.3%) were seen in neither clinic. Out of 33 patients referred

to lung mass clinic, 31 (93.9%) had the follow up study ordered, 26(78.8%) had the follow
up study completed, and 20 (60.6%) completed adequate follow up. Out of 20 patients
referred to pulmonary clinic, 14 (70.0%) had the follow up study ordered, 10 (50.0%) had
the follow up study completed, and 8 (40.0%) completed adequate follow up. Out of 58
patients referred to neither clinic, 43 (74.1%) had the follow up study ordered, 37 (63.8%)
had the follow up study completed, and 26 (44.8%) completed adequate follow up (Table 3,
Figure 1).

Ann Public Health Epidemiol. Author manuscript; available in PMC 2022 August 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kumar et al.

Page 4

Discussion

There was incomplete or delayed follow up of lung nodules detected on CT imaging

at the Baltimore VA. Reasons for failure of tracking are multifactorial and include both
system and patient factors. From a systems perspective, the process of nodule follow-up
can be complicated. Incidental lung nodules are detected on medical imaging with increased
frequency and tracking of high volumes of nodules can be difficult and resource consuming
[1]. Once located, incidental nodules are generally followed up using guidelines created by
the Fleischner Society, a multidisciplinary international group which primarily takes into
account nodule size, morphology, location, multiplicity, and growth rate [4]. Guidelines
attempt to simplify the other multitude of factors such as age, exposure, and location via
high and low risk stratification. Furthermore, while the Fleischner criteria addresses the first
nodule found on CT or one that is stable from prior CTs, the guidelines do not specifically
address the patient with a previously normal CT and the development of a new nodule [4].
Furthermore, the Fleischner society guidelines do not apply to incidental nodules found in
an immunocompromised host. Other aspects not clarified in the guidelines crucial to lung
nodule management are attenuation, 3D evaluation, and solid size in a mixed nodule [5].
To add to the complexity, description and reporting of nodules can vary among radiologists,
with interreader agreement decreasing with nodules below 8-10mm in size [6]. Notably,

in a study from CHEST in 2017, when presented with a patient with a pulmonary nodule
“physicians did not follow indicated guidelines when selecting the next test in 61% of
cases”. However, physicians were more accurate in predicting malignancy than nodule
prediction calculators [7].

From a patient perspective, lung nodules can be perplexing. A study from the Portland

VA interviewed veterans with incidentally detected lung nodules. The study showed that
patients did not understand the term “nodule’ or the follow up plan [8]. A longitudinal

study published in JAMA from the same VA showed that even after two years of screening,
veterans still felt underinformed [9]. Furthermore, patients have been shown to experience
emotional distress when diagnosed with pulmonary nodules [10]. At the VA, using the

My Healthy Vet patient portal, patients can now directly read radiologic reports without
physician interpretation. While we support patients engaging in their own healthcare,
reading about imaging abnormalities without proper context can potentially lead to increased
patient confusion and anxiety.

The importance of tracking, despite its difficult nature, has led to increased efforts to
streamline lung nodule tracking. In a VA-based study by Shelver, et al. [3], automated
tracking systems resulted in significantly improved rates of adequate follow up [3].

An electronic discharge module implemented in the inpatient and ED setting showed
improvement in follow up. Despite this, rates of follow up remained low at 27% [11]. A
study evaluating the use of clinical pathway for unsuspected radiographic findings found that
involving a pulmonary nurse specialist and pulmonary consultation team improved care [12].
Our data evaluates the potential of a lung mass clinic to help address the patient and system
factors inherent in lung nodule tracking failure.

Ann Public Health Epidemiol. Author manuscript; available in PMC 2022 August 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kumar et al.

Page 5

To our knowledge, there are two papers describing nodule clinics for patients with nodules
discovered via screening [13, 14]. The first study, by Campo and Lennes, described the
multidisciplinary care, navigation, and clinic setup of a nodule clinic. The second, a study
by Gilbert, et al. [14], described the financial impact and potential revenue opportunity of

a nurse practitioner run program on lung cancer screening, incidental pulmonary nodules,
and tobacco-cessation services [14]. In our study, we present the data describing the tracking
improvement in our VA-based lung mass clinic. In our data, veterans referred to lung

mass clinic-with pulmonary consultation and a nurse specialist-had statistically significant
improved rates of a follow up study being ordered as compared to those referred to
pulmonary clinic or no subspecialty clinic. Additionally, the percentage of patients with

CT scans completed and completed adequately were higher in lung mass clinic as compared
to pulmonary clinic and no clinic, although this was not statically significant and therefore
difficult to interpret. This lack of statistical significance may be as a result of a small sample
size. Of note, the percentage of patients who completed a CT scan was also higher and
statically significant between those referred to lung mass clinic versus pulmonary clinic. The
reason for this is unclear and could be due to system and notification error.

A lung mass clinic can potentially address patient and system factors by providing optimal
access to care, patient education with shared decision making, a multi-disciplinary team,

a dedicated tracking system [15, 16], tobacco cessation, and up to date recommendations.
Previous data has demonstrated patient distress related to lung nodule follow up, related to
suboptimal patient understanding [8, 9]. A benefit of a lung mass clinic is a dedicated
time to improve patient education on lung nodules and potential prognosis. As noted
previously, a crucial component of lung nodule tracking is shared decision-making. Another
evident benefit of a lung mass clinic is the use of a multidisciplinary team. Evaluation of
pulmonary nodules is a growing field with potential novel imaging tests, biomarkers, and
biopsy techniques offering improved diagnostic accuracy [17]. A lung mass clinic would
have the specialty views to take ever changing tests into consideration. Furthermore, the
VA clinic offers the potential of electronic consults (“e-consults”), which are electronic
questions asked via Computerized Patient Record System (CPRS). This gives the clinic
the opportunity to screen potential patients and offer guidance to clinicians with less time
and scheduling efforts. Electronic consults allow for evaluation of patients without the
constraints of scheduling [18].

Nodule clinics are also crucial given the increased importance and growing magnitude

of lung cancer screening. The USPTF has a Grade B recommendation for lung cancer
screening with low-dose CT scan in select adults aged 55 to 80 [19]. According to a 2017
study, 900,000 out of 6.7 million veteran men are estimated to meet criteria for annual lung
cancer screening [20]. The arrival of this screening has been accompanied by the need for
increased infrastructure. The American Thoracic Society and the American College of Chest
Physicians released components necessary for high-quality lung cancer screening which,
amongst other components, included structured reporting, smoking cessation, and lung
nodule management algorithms [21]. Similar to when a nodule is found during screening, a
nodule found incidentally requires shared decision making in order to determine appropriate
follow up. A multidisciplinary team in a clinic setting could do this in a streamlined way.
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Conclusion

With incidental lung nodule discovery and increasingly used screening guidelines,
optimizing methods to track lung nodules is necessary. Automated tracking systems can
potentially address this need. Our data demonstrated referral to a dedicated lung mass clinic
improved rate of follow up and should be considered as part of lung cancer screening
programs.

Acknowledgement

This work was supported by the grant “Recruiting patients who are eligible for lung cancer screening:

Resource collection and evaluation of human tissues and cells from donors with an epidemiology profile” (NCI
NO2RC-57700, Coinvestigator: Janaki Deepak, PI: Dean Mann). The views expressed in this article are those of the
authors and do not necessarily reflect the position or policy of the Department of Veterans Affairs or the United
States government.

References

1. Gould MK, Tang T, Liu IL, Janet Lee, Chengyi Zheng, et al. (2015) Recent Trends in the
Identification of Incidental Pulmonary Nodules. Am J Respir Crit Care Med 192(10): 1208-1214.
[PubMed: 26214244]

2. Kinsinger LS, Anderson C, Kim J, Martha Larson, Chan Stephanie H, et al. (2017) Implementation
of Lung Cancer Screening in the Veterans Health Administration. JAMA Intern Med 177(3): 399-
406. [PubMed: 28135352]

3. Shelver J, Wendt CH, McClure M, Brian Bell, Fabbrini Angela E, et al. (2017) Effect of an
Automated Tracking Registry on the Rate of Tracking Failure in Incidental Pulmonary Nodules. J
Am Coll Radiol 14(6): 773-777. [PubMed: 28434846]

4. MacMahon H, Naidich DP, Goo JM, Kyung Soo Lee, Leung Ann N C, et al. (2017) Guidelines
for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner
Society. Radiology 284(1): 228-243. [PubMed: 28240562]

5. Ko JP, Azour L (2018) Management of Incidental Lung Nodules. Semin Ultrasound CT MR 39(3):
249-259. [PubMed: 29807635]

6. Rubin GD (2015) Lung nodule and cancer detection in computed tomography screening. J Thorac
Imaging 30(2): 130-138. [PubMed: 25658477]

7. Tanner NT, Porter A, Gould MK, Li XJ, Vachani A, et al. (2017] Physician Assessment of Pretest
Probability of Malignancy and Adherence With Guidelines for Pulmonary Nodule Evaluation. Chest
152(2): 263-270. [PubMed: 28115167]

8. Slatore CG, Press N, Au DH, Curtis JR, Wiener RS, et al. (2013) What the heck is a “nodule”?

A qualitative study of veterans with pulmonary nodules. Ann Am Thorac Soc 10(4): 330-335.
[PubMed: 23952851]

9. Sullivan DR, Golden SE, Ganzini L, Hansen L, Slatore CG (2015) “still don’t know diddly’: a
longitudinal qualitative study of patients’ knowledge and distress while undergoing evaluation of
incidental pulmonary nodules. NPJ Prim Care Respir Med 25:15028. [PubMed: 26028564]

10. Slatore CG, Wiener RS (2018) Pulmonary Nodules: A Small Problem for Many, Severe Distress

for Some, and How to Communicate About It. Chest 153(4): 1004-1015. [PubMed: 29066390]
11. Lacson R, Desai S, Landman A, Proctor R, Sumption S, et al. (2018) Impact of a Health
Information Technology Intervention on the Follow-up Management of Pulmonary Nodules. J
Digit Imaging 31(1):19-25. [PubMed: 28664448]

12. Holden WE, Lewinsohn DM, Osborne ML, Chris Griffin, Ann Spencer, et al. (2004) Use
of a clinical pathway to manage unsuspected radiographic findings. Chest 125(5): 1753-1760.
[PubMed: 15136387]

13. Campo MJ, Lennes IT (2017) Managing Patients with Screen-Detected Nodules: The Nodule
Clinic. Semin Roentgenol 52(3): 161-165. [PubMed: 28734398]

Ann Public Health Epidemiol. Author manuscript; available in PMC 2022 August 18.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kumar et al.

14.

15.

16.

17.

18.

19.

20.

21.

Page 7

Gilbert CR, Ely R, Fathi JT, Louie Brian E, Wilshire Candice L, et al. (2018) The economic
impact of a nurse practitioner-directed lung cancer screening, incidental pulmonary nodule, and
tobacco-cessation clinic. J Thorac Cardiovasc Surg 155(1): 416—424. [PubMed: 28988941]

Kooli C (2022) Perspectives of social policies and programs in the post-Covid-19 era. Avicenna
(1): 1.

Kooli C, Al Muftah H (2022) Artificial intelligence in healthcare: a comprehensive review of its
ethical concerns. Technological Sustainability Vol. ahead-of-print No. ahead-of-print.

Slatore CG, Horeweg N, Jett JR, Midthun David E, Powell Charles A, et al. (2015) An Official
American Thoracic Society Research Statement: A Research Framework for Pulmonary Nodule
Evaluation and Management. Am J Respir Crit Care Med 192(4): 500-514. [PubMed: 26278796]
AlAhmad YM, Haggeer DM, Alsayed AY, Haik Mahmoud Y, Leen Maen AbuAfifeh, et al. (2022)
The Effect of Telemedicine on Patients” Compliance in Family Medicine Follow-ups in Qatar.
Avicenna 2022(1).

Moyer VA (2014) Force USPST. Screening for lung cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med 160(5): 330-338. [PubMed: 24378917]

Kinsinger LS, Anderson C, Kim J, Martha Larson, Chan Stephanie H, et al. (2017) Implementation
of Lung Cancer Screening in the Veterans Health Administration. JAMA Intern Med 177(3): 399—
406. [PubMed: 28135352]

Mazzone P, Powell CA, Arenberg D, Peter Bach, Frank Detterbeck, et al. (2015) Components
necessary for high-quality lung cancer screening: American College of Chest Physicians and
American Thoracic Society Policy Statement. Chest 147(2):295-303. [PubMed: 25356819]

Ann Public Health Epidemiol. Author manuscript; available in PMC 2022 August 18.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Kumar et al.

100

8

8

Percentage of Paitents (%)

8 8 &8 8 8

Q

Page 8

P=0.43

CT Ordered CT Completed CT Completed Adequately
® No Clinic = Pulmonary Clinic Lung Mass Qinic

Figure 1:
Percentage of patients who had the follow up study ordered, the follow up study completed,

and the study completed within an adequate time frame as stratified by clinic referral.
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