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Abstract
Introduction: Incidental pulmonary nodules (IPN) are common radiologic findings, yet management of IPNs is inconsistent 
across Canada. This study aims to improve IPN management based on multidisciplinary expert consensus and provides 
recommendations to overcome patient and system-level barriers. Methods: A modified Delphi consensus technique was 
conducted. Multidisciplinary experts with extensive experience in lung nodule management in Canada were recruited to 
participate in the panel. A survey was administered in 3 rounds, using a 5-point Likert scale to determine the level of agreement 
(1 = extremely agree, 5 = extremely disagree). Results: Eleven experts agreed to participate in the panel; 10 completed all 
3 rounds. Consensus was achieved for 183/217 (84.3%) statements. Panellists agreed that radiology reports should include 
a standardized summary of findings and follow-up recommendations for all nodule sizes (ie, <6, 6-8, and >8 mm). There 
was strong consensus regarding the importance of an automated system for patient follow-up and that leadership support 
for organizational change at the administrative level is of utmost importance in improving IPN management. There was no 
consensus on the need for standardized national referral pathways, development of new guidelines, or establishing a uniform 
picture archiving and communication system. Conclusion: Canadian IPN experts agree that improved IPN management 
should include standardized radiology reporting of IPNs, standardized and automated follow-up of patients with IPNs, 
guideline adherence and implementation, and leadership support for organizational change. Future research should focus on 
the implementation and long-term effectiveness of these recommendations in clinical practice.

Résumé
Introduction : Les nodules pulmonaires fortuits (NPF) sont des découvertes radiologiques fréquentes, néanmoins leur 
gestion n’est pas homogène à travers le Canada. Cette étude vise à améliorer la gestion des NPF sur la base d’un consensus 
d’experts multidisciplinaires et procure des recommandations pour surmonter les obstacles à l’échelle du patient et du 
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système de santé. Méthodes : Une technique modifiée de consensus Delphi a été employée. Des experts multidisciplinaires 
ayant une grande expérience de la gestion des nodules pulmonaires au Canada ont été recrutés pour participer à ce groupe 
de travail. Une enquête comportant trois tours a été réalisée en utilisant une échelle de Likert de cinq points (1 = totalement 
d’accord, 5 = absolument pas d’accord). Résultats : Onze experts ont accepté de participer au groupe; dix ont terminé les 
trois tours. Un consensus a été obtenu pour 183 énoncés sur 217 (84.3%). Les experts du groupe sont tombés d’accord 
sur le fait que les rapports de radiologie doivent inclure un résumé standardisé des constatations et des recommandations 
de suivi pour les nodules de toutes tailles (c’est-à-dire, <6 mm, entre 6 mm et 8 mm, et >8 mm). Il y a eu un fort consensus 
autour de l’importance d’un système automatisé de suivi des patients et sur le fait que le soutien de la direction envers 
des changements organisationnels sur le plan administratif a une importance cruciale pour l’amélioration de la gestion des 
NPF. Il n’y a pas eu de consensus sur la nécessité d’un parcours d’orientation des patients standardisé à l’échelle nationale, 
l’élaboration de nouvelles lignes directrices ou la création d’un système uniforme de communication et d’archivage des 
images. Conclusion : Les experts canadiens des NPF sont d’accord qu’une meilleure gestion des NPF devrait inclure des 
rapports de radiologie standardisés, un suivi automatisé et standardisé des patients présentant des NPF, la mise en œuvre et 
le respect des lignes directrices ainsi qu’un soutien de la direction en faveur de changements organisationnels. La recherche 
future doit se concentrer sur la mise en œuvre et l’efficacité à long terme de ces recommandations en pratique clinique.
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Introduction

Thoracic computed tomography (CT) is a common diagnos-
tic test most often performed in the evaluation of patients 
with signs or symptoms suggestive of cardiopulmonary dis-
ease. Thoracic CTs frequently reveal clinically significant 
incidental findings, including incidental pulmonary nodules 
(IPN), which are found in approximately one-third of all tho-
racic CT scans.1 In a study from the United States (US) 
between 2006 and 2012, the annual rate of thoracic CT 
increased from 15.4 to 20.7 per 1000 person-years, and the 
rate of identified nodules increased from 3.9 to 6.6 per 
1000 person-years. It was estimated that more than 4.8 mil-
lion Americans had at least one thoracic CT scan and 
1.57 million had a nodule identified, among whom, 63 000 
received a new lung cancer diagnosis within 2 years.1 Similar 
increases in overall CT use have been documented in Canada2 
and a recent North American study of medical imaging rates 
demonstrated a 5% to 15% increase in per capita chest CT in 
Ontario every year between 2000 and 2016.3

The literature reports variability in the malignancy risk of 
IPNs. In a prospective observational study of an IPN program 
in Mississippi (US), 5% of patients were found to have lung 
cancer.4 Meanwhile, a review of patients with indeterminate 
pulmonary nodules measuring 7 to 20 mm in diameter 
reported the risk of malignancy to vary from 5% to 60%.5 
Regardless, few patients with IPNs receive required follow-
up.6,7 Preliminary results from the Prospective Watch the Spot 
study in the US in patients with IPNs ≤15 mm demonstrated 
that 30% of patients eventually diagnosed with lung cancer 
had stage migration to >cT1b (>20 mm) by the time the can-
cer was diagnosed due to heterogenous nodule management 
and imperfect adherence to follow-up recommendations.8,9 

Appropriate management of IPNs is crucial,10 given the asso-
ciation between early lung cancer diagnosis and improved 
survival rates.11-14 This underscores the importance of stan-
dardized, equitable, and resource-responsible processes to 
manage patients with IPNs.15

We recently explored the current state of IPN management 
in Canada through a literature review and interviews with 20 
multidisciplinary experts from specialties involved in IPN 
detection and assessment across 5 provinces in Canada.16 
This study highlighted variability in radiology reporting of 
IPN, inconsistent management of IPN, and poor communica-
tion between healthcare providers and between healthcare 
providers and patients.16 In the current study, we use multidis-
ciplinary expert consensus to make actionable recommenda-
tions that could improve IPN management in Canada.

Methods

A modified Delphi technique17 (Figure 1) was performed to 
achieve expert consensus on recommendations for optimal 
IPN management in Canada in line with the Ethical Delphi 
Manual18 and informed by the Guidance on Conducting  
and REporting DElphi Studies, CREDES (Supplemental 
Appendix 1).19 The Delphi technique is a widely used group 
communication process for gathering the views of experts 
on a specific topic and is commonly used in healthcare 
research.19,20

Expert Working Group and Panellists

Experts from Canada with experience in lung nodule manage-
ment were recruited to form a multidisciplinary expert work-
ing group (EWG) in September 2022 to discuss opportunities 
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for improvement in IPN management in Canada. Targeted 
participants included radiologists, respirologists, thoracic sur-
geons, epidemiologists, medical oncologists, radiation oncol-
ogists, and primary care physicians identified by professional 
networks. Snowball sampling was used for recruitment, first 
with leaders in the Canadian Association of Thoracic 
Surgeons, the Canadian Society of Thoracic Radiology, the 
Canadian Thoracic Society, and Lung Cancer Canada. 
Panellists from the EWG were contacted via email communi-
cation by one researcher. A 2-hour EWG discussion was held 
based on a survey that was previously circulated to experts to 
understand the priority topics and key recommendations 

(Supplemental Appendix 2). Following the discussion, the 
EWG agreed to participate in a Delphi panel to refine and 
establish recommendations on IPN management in Canada.

Questionnaire Development, Data Collection, and 
Analysis

The Delphi questionnaire consisted of 10 questions with 
multiple statements on priority areas identified in our recent 
literature review (Supplemental Appendix 2).16 Two con-
tent experts (C.F. and D.M.) with experience with Delphi 
panels pilot tested the questionnaire. Panellists received the 

Figure 1.  The Delphi study process.
Note. IPN = incidental pulmonary nodule.
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questionnaire via email and independently completed each 
round. Rounds 1, 2, and 3 were completed during a 12-day 
window in December 2022, January 2023, and February 
2023, respectively. The questionnaire used a 5-point Likert 
scale (1 = extremely agree, 5 = extremely disagree) to 
increase the response rate and quality.21 Panellists were 
encouraged to suggest additional recommendations for 
consideration, which were incorporated as new statements 
in subsequent rounds (Supplemental Appendix 2).

Consensus was achieved if a statement had an ≥80% 
response rate among panellists and the range (ie, the differ-
ence between highest and lowest ratings) was either 0 (strong 
consensus) or 1 (consensus). The median for each statement 
was also assessed to understand the level of agreement or 
importance. Panellists were asked to rank the level of impor-
tance only for certain questions to prioritize specific aspects 
that are particularly relevant to IPN management, minimizing 
potential survey fatigue and streamlining data analysis.

In the first round, statements based on previously identi-
fied opportunities for improvement in IPN management16 
were presented to panellists to assess their agreement. In the 
second round, results from the first round were presented for 
each statement, and panellists were asked to score their level 
of agreement. For the third round, only questions where more 
than half of the statements did not achieve consensus were 
included (Supplemental Appendix 2). After the third round, 
the anonymized results were circulated to all panellists for 
review. To finalize the topics of priority from the Delphi sur-
vey, the emergent themes were presented and validated by the 
panellists.

Data were reviewed, and in cases where a panellist did not 
respond to a survey round, they were excluded from the anal-
ysis. Following review of data, outliers were removed from 
the dataset to reduce the influence of extreme values on the 
analysis. This is an accepted technique in the Delphi process 
to minimize bias that would disproportionately affect the 
group’s consensus or divergence on a given issue.22,23 For 
each statement, outliers were identified through the sorting 
method where the data set values were sorted in ascending 
order, the distance of each response from the central tendency 
of the data was calculated, and up to 2 responses were 
eliminated.

Following data analysis, experts participated in a 1-hour 
debriefing meeting on topics where there was no consensus. 
While this meeting did not impact the Delphi process results, 
the discussion from the meeting helped to frame the reasons 
for which there was a lack of consensus. Findings discussed 
herein are recommendations that had agreement with strong 
consensus (range in ratings of 0) or no consensus (range in 
ratings of 2, 3, or 4).

Ethics Approval

Ethics approval was not required for participation in the 
Delphi panel process and completion of surveys.

Results

Delphi Survey

Twelve experts were invited to participate in the panel, of 
which 11 (91.7%) agreed to participate. Eight (66.7%) of 
these panellists participated in the post-survey debriefing 
meeting. Panellists were from 4 provinces (British Columbia 
[n = 1], Nova Scotia [n = 2], Ontario [n = 5], Quebec [n = 3]) 
and included 3 radiologists, 3 respirologists, 2 thoracic sur-
geons, 1 primary care physician, 1 medical oncologist, and 1 
epidemiologist.

In round 1 of the survey, 10/11 (90.9%) panellists partici-
pated; in rounds 2 and 3, 11/11 (100%) participated. Consensus 
was achieved for 183/217 (84.3%) statements included in the 
Delphi questionnaire (Figure 2, Table 1). Full results are pro-
vided in Supplemental Appendix 2.

Standardized Radiology Reporting of IPNs

The Likert scores and the level of consensus regarding the 
radiology report are presented in Figure 3. For all nodule 
sizes, 11/11 (100%) panellists strongly agreed that a summary 
of findings and follow-up recommendations should be 
included in the CT report. There was also consensus that 
reporting requirements include change in nodule diameter 
and, for nodules over 8 mm, the presence of suspicious fea-
tures. During the Delphi panel, it was noted that radiology 

Figure 2.  Flow diagram outlining the 3 survey rounds of the 
Delphi study.
*Denotes that the 6 questions in which statements reached consensus 
among ≥80% of the panellists in round 2 were not asked in round 3.
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reports should be simple and user-friendly, as in structured 
lung cancer screening programs.

For CT scans with smaller-sized nodules, there was less 
consensus on additional items to include in the radiology 
report, such as patient risk assessment for nodules 8 mm or 
less, or the density of nodules under 6 mm. During the Delphi 
panel, 2 radiologists expressed difficulties in accurately 
assessing the density of small nodules (under 6 mm), there-
fore limiting the usefulness of including this level of detail.

For all nodule sizes, there was also no consensus on the 
inclusion of the probability of lung cancer, either in broad 
categories or numerically based on a calculator such as the 
McWilliams/PanCan lung nodule risk calculator,24 in the 
standardized radiology report. This was explored in the 
debriefing session where it was noted that patient 

demographics (eg, smoking history and prior cancer history) 
influence the likelihood of malignancy but that this informa-
tion is often not known to the reporting radiologists, further 
limiting the use of validated risk calculators by radiologists. It 
was also noted that the likelihood of malignancy is not the 
only variable affecting the management strategy.

Ensuring IPN Management Recommendations Are 
Followed: Standardized and Automated Follow-Up 
of Patients With IPNs

All panellists (11/11, 100%) strongly agreed on the impor-
tance of 2 key elements for patient follow-up and communi-
cation; first, they agreed that imaging departments would 
ideally automatically book follow-up imaging appointments 

Table 1.  Summary of Delphi Process Results.

Proportion of statements where consensus was 
achieved (n/total n)

Theme Question number and subject Round 1 Round 2 Round 3

Standardized radiology 
reporting of IPNs

  1) Items to be included in a standardized 
reporting form

70.6% (24/34) 73.5% (25/34) NAa

Ensuring IPN 
management 
recommendations 
are followed: 
Standardized and 
automated follow-up 
of patients with IPNs

  5) Tools/approaches that could be used to 
implement an automated communication/
tracking system for patient follow-up

42.9% (3/7) 100.0% (14/14) NAa

  6) Changes needed at the administrative 
level at the country and/or provincial level, 
for the implementation of an automated 
communication/tracking system for patient 
follow-up

85.7% (6/7) 85.7% (12/14) NAa

Guideline adherence 
and implementation

  2) Barriers to guideline adherence (physician 
adherence and patient adherence)

63.6% (7/11) 42.9% (9/21) 85.7% (18/21)

  3) Recommendations for improving 
adherence to guidelines (radiologists using 
the guidelines appropriately and clinicians 
following the guidelines when reading 
reports)

66.7% (6/9) 70.0% (14/20) NAa

  4) Recommendations for improving existing 
guidelines

80.0% (4/5) 80.0% (8/10) NAa

  7) Changes needed at the administrative level, 
at the country level and/or provincial level 
for implementing MDNCs

88.9% (8/9) 72.7% (16/22) NAa

Leadership support 
for organizational 
change

  8) Procedures that can be established 
for quality improvement during IPN 
management

NAb 41.7% (15/36) 88.9% (32/36)

  9) Changes that are needed at the 
administrative level to establish the 
suggested procedures in question 8 for 
quality improvement

NAb 50.0% (13/26) 96.2% (25/26)

10) Changes that are needed at the 
administrative level to increase available 
staff and resources for IPN management

NAb 30.0% (6/20) 95.0% (19/20)

Total (%) 70.6 60.8 91.3

Note. Consensus was achieved when there was a range of ratings of 0 (strong consensus) or 1 (consensus) with answers from ≥80% panellists. 
IPN = incidental pulmonary nodule; MDNC = multidisciplinary nodule clinic; NA = not applicable.
aDenotes that the question was not asked in Round 3.
bDenotes that free-text responses from panellists were incorporated as statements in Round 2.
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or nodule clinic appointments. Second, they agreed on imple-
menting a centralized alert system25,26 with closed-loop com-
munication features (ie, ensuring that information is conveyed, 
acknowledged, and correctly confirmed among those provid-
ing care; Figure 4). Panellists acknowledged various barriers 
to these quality initiatives in the subsequent debrief.

Panellists universally (11/11, 100%) accepted 2 factors 
affecting patient follow-up (Figure S1B). First, they recognized 

that patients not being informed of the presence of an IPN was 
a barrier. Second, they acknowledged that direct release of radi-
ology reports to patients could be a potential tool used to imple-
ment an automated communication system for patient follow-up 
(Figure 4). During the Delphi panel discussion, panellists noted 
the potential ethical and logistical concerns of direct report 
release to patients if support mechanisms are not in place. The 
panellists highlighted that reports should include a description 
of the findings in simple language that is clear and easily under-
standable to healthcare providers regardless of their specialty. 
Reports should also have specific guidance to health care pro-
viders regarding the most appropriate next step to manage the 
detected lung nodules (eg, no further imaging follow-up, repeat 
low-dose CT, or referral to specialized lung nodule clinic for 
diagnostic work up).

Regarding the use of virtual care for the management of 
patients with nodules or the ability to provide advice remotely, 
consensus was not reached. During the debriefing meeting, it 
was noted that disagreement might stem from differing opin-
ions on whether patients with IPNs can be effectively man-
aged virtually or if in-person visits are always necessary. 
Additionally, it was suggested that the diversity in answers 
reflects the heterogeneity in both nodule and patient 
characteristics.

Guideline Adherence and Implementation

Panellists unanimously accepted (11/11, 100%) that evi-
dence-based guidelines (eg, IPN consensus guidelines pro-
duced by the Fleischner Society28 or the British Thoracic 
Society29) are important. They also universally agreed (11/11, 
100%) on the significance of standardized reporting and 

Figure 3.  Items that should be included in standardized radiology reporting form when reporting IPNs measuring: (A) >8 mm, (B) 
6-8 mm, and (C) <6 mm.
Note. The median: 1 = extremely agree, 5 = extremely disagree. Legend represents the range in ratings. IPN = incidental pulmonary nodule.

Figure 4.  Tools/approaches that could be used to implement an 
automated communication/tracking system for patient follow-up.
Note. The median: 1 = extremely agree, 5 = extremely disagree. Legend 
represents the range in ratings. EMR = electronic medical record; 
HRM = hospital report manager.
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standard terminology, (10/10, 100%; Figure 5A and Figure 
S2) such as is described in the Fleischner Society IPN 
Guidelines (FSG)28 and the Fleischner Society Glossary.30 
However, there was little consensus regarding the establish-
ment of guideline adherence as a requirement for radiologist 
reimbursement or financial incentives for providing guide-
line-concordant care. In the Delphi panel, panellists noted 
that radiologists should not always strictly adhere to guide-
lines, as there may be situations where a more nuanced 
approach is most appropriate.

In the debriefing meeting, panellists discussed barriers 
to physician adherence to guidelines. It was expressed that 
guidelines can be intricate and lack the necessary decision 
aids to support clinicians in their application. Panellists 
expressed that radiology reports often do not provide guid-
ance on next steps. The expert panel echoed this concern, 
suggesting the need for specification and guidance on 
which physician is responsible for applying the guidelines, 
such as the radiologist or the ordering physician. Moreover, 
the panellists advocated for radiological data to be synopti-
cally reported and for patients to obtain direct referrals to 
expert IPN management from radiology rather than pri-
mary care alone, to mitigate the inconsistent actioning of 
report results.

In the debriefing session, panellists also discussed having 
all high-risk nodule scans re-reviewed by specialized cardio-
thoracic radiologists, as this did not achieve consensus during 
the Delphi process. While the panellists expressed enthusi-
asm for the concept, it was seen as impractical. Conversely, a 
respirologist shared insights on an initiative aimed at enhanc-
ing nodule management, which involved implementing a 
consistent and standardized review process with cardiotho-
racic radiologists. The panellists acknowledged that this 
approach might not be universally feasible, which may have 

contributed to the observed lack of consensus. It was noted 
that in some Canadian centres, second opinions from subspe-
cialist thoracic radiologists are routinely obtained for patients 
referred to a specialist for nodule investigation.

There was no consensus that patient follow-up, in terms of 
patients missing appointments, was a barrier to patient adher-
ence (Figure S1B). In the debriefing session, panellists sug-
gested that the differing experiences may have contributed to 
divergent responses in the Delphi panel. For example, a radi-
ologist may not be frustrated about a patient missing an appoint-
ment, especially if they are aware that a nodule is not of high 
concern. However, a primary care physician may feel stressed 
by the patient’s absence, or a respirologist may be frustrated if 
the patient misses their follow-up CT appointment.

Leadership Support for Organizational Change

Panellists (11/11, 100%) strongly agreed that leadership 
support for organizational change is needed at the adminis-
trative level to implement an automated system to improve 
IPN management. Panellists also ranked this support as an 
extremely important factor for improvement (Figure 6). All 
panellists (11/11, 100%) strongly agreed on the necessity of 
establishing standardized protocols, recommendations, as 
well as patient and referral pathways for quality improve-
ment in IPN management at the provincial and regional lev-
els (Figure S4B and C). At all governmental levels (ie, 
regional, provincial, and national), panellists agreed that 
administrative (10/10, 100%) and financial support (9/10, 
90%) are necessary for quality improvement (Figure S5A-
C). At the provincial and regional levels, panellists (10/10, 
100%) universally agreed that availability of data and access 
to all prior imaging is needed for quality improvement 
(Figure S5B and C).

Figure 5.  Recommendations for improving adherence to guidelines for (A) radiologists using the guidelines appropriately and (B) 
clinicians following the guidelines when reading reports.
Note. The median: 1 = extremely agree, 5 = extremely disagree. Legend represents the range in ratings.
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Across all levels of government, panellists concurred that 
funding and awareness of IPN management should be estab-
lished at the administrative level to increase staff and resources 
(10/11, 90.9%; Figure S6A-C). All panellists (11/11, 100%) 
also strongly agreed on the need for leadership support for 
organizational change at the administrative level to implement 
multidisciplinary nodule clinics  (MDNCs) and agreed with 
the importance of this recommendation (Figure S3). Panellists 
(10/11, 90.9%) also agreed that training and mentoring of phy-
sicians should be established at all levels (Figure S6A-C), 
although no specific examples were suggested.

A recommendation that did not reach consensus was the 
need for funding of tools, such as computer-aided detection 
(CAD), at the regional level (Figure S6C). Similarly, there 
was no consensus on whether CAD should be integrated with 
the picture archiving and communication system (PACS). 
There was also no consensus on the importance of this topic 
(Figure 6). During the Delphi panel, one panellist noted that 
CAD is often already linked to PACS. It was also noted that 
optimal IPN management requires the ability to compare 
current imaging in relation to previous scans, as monitoring 
changes in nodules over time is key to evaluating the risk of 
malignancy. Some provinces have implemented province-
wide imaging archives facilitating comparison while, in 
other centres, comparison is difficult due to incompatible 
systems within a single province (or even city) and high rates 
of private imaging, with imaging not included in the provin-
cial archive. Additionally, it is important to inform health 
authorities about potential patient safety and inefficiency 
concerns arising from barriers in comparing imaging per-
formed on the same patient at different institutions. As such, 
information technology solutions to satisfy this need are 

necessary. However, panellists expressed a sense of overall 
powerlessness to implement the required improvements for 
organizational change. They emphasized the need for assis-
tance from hospital administration and health authorities to 
enhance IPN management through, for example, facilitating 
communication and data sharing between different PACS 
systems.

Discussion

In this study, we used a modified Delphi process with a panel 
of experts in pulmonary nodule management to identify rec-
ommendations for improving IPN management in Canada. 
The main recommendations that emerged from this expert 
consensus included standardized radiology reporting of IPNs, 
standardized and automated follow-up of patients with IPNs, 
guideline adherence and implementation, and leadership sup-
port for organizational change.

While the expert panel overwhelmingly agreed that includ-
ing a summary of IPN findings and follow-up recommenda-
tions in standardized radiology reports is essential, the level of 
consensus regarding the need for specific nodule details varied 
by nodule size. At all nodule sizes, there was consensus that 
change in size should be reported and, for nodules measuring 
at least 8 mm, nodule density and suspicious features should 
be reported. Panellists were concerned that including specific 
details for smaller nodules might lead to unwarranted follow-
up investigations or interventions, especially given that most 
nodules under 6 mm are benign and do not require further 
action.28 It is noteworthy that the experts in our study did not 
reach consensus on the inclusion of probability estimates of 
malignancy in standard radiology reports. In the follow-up 
debriefing meeting, panellists attributed this lack of consensus 
to differing opinions on its potential impact on the subsequent 
steps in the management pathway.

Nevertheless, the overall consensus regarding the value of 
comprehensive information in radiology reports in the form 
of a summary of findings and follow-up recommendations 
underscores its importance for facilitating appropriate follow-
up care.31,32 In many instances, radiologists note nodules but 
appropriate follow-up is not performed.32 As such, there is a 
clear need for explicit actionable items and recommendations 
by the radiologist in the report.31 This can help overcome 
shortcomings in follow-up and improve monitoring of pul-
monary nodules.

The expert panel agreement with the use of consistent ter-
minology (eg, as described by the Fleischner glossary30 or 
Fleischner Society IPN Guidelines28) in standardized radiology 
reporting, aligns with the literature.7,33 Radiology terminology 
is often susceptible to misunderstandings.14,34-36 Thus, consis-
tent terminology has the potential to minimize misunderstand-
ings and improve guideline use, thus promoting more consistent 
and accurate IPN management.28,37 Standardized reporting also 
has the potential to address the over-investigation of IPNs, 
whereby patients may be subjected to unnecessary diagnostic 
procedures and interventions. Carter et al38 demonstrated that 

Figure 6.  Changes needed at the administrative level for the 
implementation of an automated communication/tracking system 
for patient follow-up.
Note. The median: 1 = extremely agree, 5 = extremely disagree. Legend 
represents the range in ratings. CAD = computer-aided detection; 
EMR = electronic medical record; IPN = incidental pulmonary nodule; 
PACS = picture archiving and communication system.
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decision-oriented reporting systems for lung cancer screening 
can help minimize false-positive results, and noted that radiol-
ogy reports should also be structured for IPN management. 
Similarly, Woloshin et al37 surveyed clinicians in the US com-
paring a standard thoracic CT report to a structured thoracic CT 
report with probability estimates for malignancy and manage-
ment recommendations on follow-up strategy for patients with 
IPNs and found that more clinicians followed the correct man-
agement strategy with the structured report. Structured radiol-
ogy reports can also reduce missing information, increase 
patient follow-up and quality of care, and improve clinicians’ 
response, as documented in US studies.37,39,40 The literature 
includes several examples of structured IPN reports.28,37

In addition to standardized reporting, panellists also made 
recommendations on guideline adherence. Panellists noted 
that IPN guidelines, such as those produced by the Fleischner 
Society28 or the British Thoracic Society,29 should serve as 
tools to guide decision-making, rather than rigid mandates. 
However, they highlighted the lack of relevant patient infor-
mation provided to radiologists and uncertainty about the 
next steps as barriers to physician adherence to guidelines 
and consistent IPN management. Currently, the FSG for IPN 
management are based on nodule size, require knowledge of 
the patients underlying lung cancer risk, and are only appli-
cable to patients ≥35 years who are not at risk for metastatic 
disease or opportunistic infection.28,41

Key recommendations for ensuring patient follow-up 
included considering automatic booking of follow-up imag-
ing and a centralized alert system within existing IPN pro-
grams. Multiple studies have documented that missed and 
delayed follow-up of IPN is common.7,42-44 Panellists high-
lighted that enhancing communication systems among physi-
cians and between physicians and patients can address delays 
in follow-up imaging, which has been documented to have a 
positive impact in the Canadian health system. For example, 
Walker et al45 assessed the impact of an electronic platform 
whereby primary care providers could send questions along 
with relevant documentation (eg, laboratory values and imag-
ing reports) to a selected radiology subspecialty. The platform 
resulted in improved patient management and eliminated 
unnecessary imaging tests. Similarly, in the US, an electronic 
communication tool enabling radiologist-generated alerts 
for IPN follow-up recommendations improved timely IPN 
follow-up.46

While panellists recommended automatic booking of fol-
low-up imaging, in some health jurisdictions in Canada with-
out an IPN program, there is no pathway for a radiologist to 
arrange a repeat CT scan without a repeat referral from a spe-
cialist or primary care physician. This is partially due to con-
cerns about conflicts of interest and income-generating 
implications under fee-for-service systems.47 This highlights 
that implementing automatic booking for IPN requires col-
laboration with health authorities to design a process that 
maintains patient safety and meets health care legislation 
requirements.

Panellists also highlighted that the direct release of radiol-
ogy reports to patients would be a beneficial tool to improve 
patient-provider communication. The direct release of radiol-
ogy reports could encourage patients to actively engage in 
their healthcare, advocate for themselves, and promote shared 
decision-making.48-50 It has also been shown to improve 
patient outcomes.49 In one survey that assessed the accessibil-
ity and importance of portal-released radiology reports, 88% 
of patients reported that the ability to access reports was 
important.51 Additionally, 88% of referring physicians 
reported that releasing reports to patients was useful.51 This 
approach may further streamline the development of struc-
tured and standardized reports, making them more readily 
accessible to patients and less prone to misinterpretation. 
However, panellists also noted the importance of ensuring 
that there are appropriate supports and processes in place for 
patients who have questions about their imaging findings to 
ensure that patients are appropriately supported and that pro-
viders are not overwhelmed.

Panellists recognized the need for administrative support 
as a critical component of quality improvement initiatives and 
to increase staff and resources at all administrative levels. 
Specifically, they recommended leadership participation and 
organizational change for implementing MDNCs. Studies in 
Ontario demonstrated the benefits of rapid assessment clinics 
and lung cancer multidisciplinary clinics (MDC), which 
streamline the care of patients with a new lung cancer diagno-
sis to facilitate concurrent oncology consultation, and improve 
timeliness of care and clinical outcomes.52 These models also 
demonstrated improved patient communication, physician 
collaboration, and better quality of care.53 This highlights that 
support from leadership with organizational and administra-
tive change in the Canadian healthcare system can lead to 
improved outcomes.

Several statements did not reach consensus, primarily due 
to concerns regarding the feasibility of implementing certain 
changes. These include standardized national referral path-
ways, the development of guidelines by national organiza-
tions, and establishing a uniform PACS system. This can be 
partially explained by the decentralized nature of healthcare 
in Canada, which is predominantly delivered through provin-
cial jurisdictions. Consequently, changes at the national level 
may not be feasible without coordination and agreement 
among all provinces and territories.

Limitations

In terms of study limitations, we first note that the geographi-
cal representation was somewhat limited. Second, there was a 
limited number of panellists from primary care. Third, some of 
the panellists’ recommendations may be difficult to imple-
ment, such as the automatic booking of follow-up imaging. 
Fourth, the Delphi process relies on expert opinion. 
Recommendations have not yet been assessed for their feasi-
bility within the Canadian healthcare system, where much of 
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healthcare is delivered outside of an academic centre, in rural 
areas, and where specialist access is limited. Moreover, due to 
the nature of the Delphi panel process, experts were not able to 
engage in direct discussion and debate regarding their opin-
ions. As a result, it is possible that some statements that did not 
initially receive consensus may have eventually achieved con-
sensus if given the opportunity for further discussion.

The debriefing session following the Delphi panel allowed 
a better understanding of disagreement. The session offered 
insights into the differing ways the statements in the Delphi 
panel were interpreted and the potential implications associ-
ated with those interpretations. This helped clarify the reasons 
behind the varied responses from panellists, which were often 
influenced by their clinical backgrounds and expertise in dif-
ferent medical specialties. Therefore, it is important to inter-
pret recommendations with caution as they may warrant 
further evaluation and validation.

Conclusion

Based on this Delphi study, key recommendations for 
improving IPN management in Canada include standardized 
radiology reporting of IPNs, standardized and automated 
patient follow-up, guideline adherence and implementation, 
and leadership support for organizational change. It under-
scored the importance of clear communication, imaging 
reports that provide specific guidance, automatic booking of 
follow-up imaging appointments, and administrative back-
ing in improving the quality of care for patients with IPNs. 
Future research should explore how to appropriately imple-
ment these recommendations and assess their effectiveness 
in clinical practice.

Acknowledgments

All authors contributed significantly to all aspects of the paper: con-
ceptualization; research; data analysis and interpretation; manuscript 
writing, review, and editing. Victor Genestier, employee from 
Amaris Consulting, provided valuable manuscript preparation assis-
tance and editing review. Medical writing and editorial assistance 
were funded by AstraZeneca.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: G.C.D., S.L., M.C.T., C.F., C.D., S.S., J.H., J.T., A.V.G., 
J.S., and D.M. received unrestricted support for meetings, planning 
and data collection, manuscript writing and editing, participating in 
the Delphi panel, and consulting fees from AstraZeneca. G.C.D. 
received research funding from MaRS/Merck & Co., Inc. and from 
Pfizer Inc.; honoraria from Merck & Co., Inc. and GSK Medical; 
and has received grants outside the submitted work paid directly to 
Queen’s University from the Ontario Lung Association and Ontario 
Thoracic Society. G.C.D. serves as the Canadian Thoracic Society 
Choosing Wisely Canada Working Group chair. J.S. received con-
sulting fees from AstraZeneca to support the conduction of this 

study and was an employee of Amaris Consulting at the time of this 
study. D.G. and P.M. received consulting fees from AstraZeneca to 
support the conduction of this study and are employees of Amaris 
Consulting. The authors have no other conflicts of interest to declare.

Funding

The author(s) disclosed receipt of the following financial support for 
the research, authorship, and/or publication of this article: This study 
was fully funded by AstraZeneca.

ORCID iDs

Geneviève C. Digby  https://orcid.org/0000-0002-1858-0387

Carole Dennie  https://orcid.org/0000-0001-9612-6764

Stephanie Snow  https://orcid.org/0000-0003-3847-0289

Paola Marino  https://orcid.org/0009-0006-1917-3771

Supplemental Material

Supplemental material for this article is available online.

References

	 1.	 Gould MK, Tang T, Liu ILA, et al. Recent trends in the identifi-
cation of incidental pulmonary nodules. Am J Respir Crit Care 
Med. 2015;192(10):1208-1214.

	 2.	 CADTH. The Canadian Medical Imaging Inventory 2019–
2020. Canadian Agency for Drugs and Technologies in Health 
(CADTH); 2021.

	 3.	 Smith-Bindman R, Kwan ML, Marlow EC, et al. Trends in use 
of medical imaging in US health care systems and in Ontario, 
Canada, 2000-2016. JAMA. 2019;322(9):843-856.

	 4.	 Osarogiagbon RU, Liao W, Faris NR, et al. Lung cancer diag-
nosed through screening, lung nodule, and neither program: a 
prospective observational study of the detecting early lung can-
cer (DELUGE) in the Mississippi delta cohort. J Clin Oncol. 
2022;40(19):2094-2105.

	 5.	 Massion PP, Walker RC. Indeterminate pulmonary nodules: 
risk for having or for developing lung cancer? Cancer Prev Res. 
2014;7(12):1173-1178.

	 6.	 Pyenson BS, Bazell CM, Bellanich MJ, Caplen MA, Zulueta 
JJ. No apparent workup for most new indeterminate pulmonary 
nodules in US commercially-insured patients. J Health Econ 
Outcomes Res. 2019;6(3):118-129.

	 7.	 Leung C, Shaipanich T. Current practice in the management of 
pulmonary nodules detected on computed tomography chest 
scans. Can Respir J. 2019;2019:1-6.

	 8.	 Gould MK, Smith-Bindman R, Kelly K, et al. Methods for the 
watch the spot trial. A pragmatic trial of more- versus less-
intensive strategies for active surveillance of small pulmonary 
nodules. Ann Am Thorac Soc. 2019;16(12):1567-1576.

	 9.	 Gould MK. Preliminary findings from watch the spot: a prag-
matic clinical trial of more versus less intensive strategies for 
CT surveillance of patients with small pulmonary nodules. 
IASLC CT Screening Symposium 2023; September 9, 2023; 
Singapore.

	10.	 Sánchez M, Benegas M, Vollmer I. Management of inci-
dental lung nodules <8 mm in diameter. J Thorac Dis. 
2018;10:S2611-S2627.

https://orcid.org/0000-0002-1858-0387
https://orcid.org/0000-0001-9612-6764
https://orcid.org/0000-0003-3847-0289
https://orcid.org/0009-0006-1917-3771


Digby et al.	 11

	11.	 Dowhanik SPD, Schieda N, Patlas MN, Salehi F, van der Pol 
CB. Doing more with less: CT and MRI utilization in Canada 
2003–2019. Can Assoc Radiol J. 2022;73(3):592-594.

	12.	 Bradley SH, Kennedy MPT, Neal RD. Recognising lung cancer 
in primary care. Adv Ther. 2019;36(1):19-30.

	13.	 Birring SS, Peake MD. Symptoms and the early diagnosis of 
lung cancer. Thorax. 2005;60(4):268.

	14.	 Lam S, Bryant H, Donahoe L, et al. Management of screen-detected 
lung nodules: a Canadian partnership against cancer guidance doc-
ument. Can J Respir Crit Care Sleep Med. 2020;4(4):236-265.

	15.	 Adams SJ, Babyn PS, Danilkewich A. Toward a comprehensive 
management strategy for incidental findings in imaging. Can 
Fam Physician. 2016;62(7):541-543.

	16.	 Digby GC, Habert J, Sahota J, Zhu L, Manos D. Incidental pul-
monary nodule management in Canada: exploring current state 
through a narrative literature review and expert interviews. J 
Thorac Dis. 2024;16(2):1537-1551.

	17.	 Shang Z. Use of Delphi in health sciences research: a narrative 
review. Medicine (Baltimore). 2023;102(7):e32829.

	18.	 Millar K, Tomkins S, Thorstensen E, Mepham B, Kaiser M. 
Ethical Delphi Manual [Internet]. LEI, part of Wageningen UR; 
2006. Accessed July 25, 2023. https://edepot.wur.nl/216590 

	19.	 Jünger S, Payne SA, Brine J, Radbruch L, Brearley SG. Guidance 
on Conducting and REporting DElphi Studies (CREDES) in 
palliative care: recommendations based on a methodological 
systematic review. Palliat Med. 2017;31(8):684-706.

	20.	 Hsu CC, Sandford B. The Delphi technique: making sense of 
consensus. Pract Assess Res Eval. 2007;12:1-8.

	21.	 Babakus E, Mangold WG. Adapting the SERVQUAL scale to 
hospital services: an empirical investigation. Health Serv Res. 
1992;26(6):767-786.

	22.	 Beiderbeck D, Frevel N, von der Gracht HA, Schmidt SL, 
Schweitzer VM. Preparing, conducting, and analyzing Delphi 
surveys: cross-disciplinary practices, new directions, and 
advancements. MethodsX. 2021;8:101401.

	23.	 Hohmann E, Cote MP, Brand JC. Research pearls: expert con-
sensus based evidence using the Delphi method. Arthroscopy. 
2018;34(12):3278-3282.

	24.	 McWilliams A, Tammemagi MC, Mayo JR, et al. Probability of 
cancer in pulmonary nodules detected on first screening CT. N 
Engl J Med. 2013;369(10):910-919.

	25.	 Agency for Healthcare Research and Quality. Tool: closed-loop 
communication [Internet]. 2023. Accessed September 22, 2023. 
https://www.ahrq.gov/teamstepps-program/curriculum/com-
munication/tools/loop.html

	26.	 Härgestam M, Lindkvist M, Brulin C, Jacobsson M, Hultin M. 
Communication in interdisciplinary teams: exploring closed-
loop communication during in situ trauma team training. BMJ 
Open. 2013;3(10):e003525.

	27.	 Carr LL, Dyer DS, Zelarney PT, Kern EO. Improvement in 
stage of lung cancer diagnosis with incidental pulmonary nod-
ules followed with a patient tracking system and computerized 
registry. JTO Clin Res Rep. 2022;3(3):100297. 

	28.	 MacMahon H, Naidich DP, Goo JM, et al. Guidelines for 
management of incidental pulmonary nodules detected on 
CT images: from the Fleischner Society 2017. Radiology. 
2017;284(1):228-243.

	29.	 Callister ME, Baldwin DR, Akram AR, et al. British Thoracic 
Society guidelines for the investigation and management of pul-
monary nodules: accredited by NICE. Thorax. 2015;70(Suppl 
2):ii1-ii54.

	30.	 Bankier AA, MacMahon H, Colby T, et al. Fleischner 
Society: glossary of terms for thoracic imaging. Radiology. 
2024;310(2):e232558.

	31.	 Mabotuwana T, Hall CS, Tieder J, Gunn ML. Improving qual-
ity of follow-up imaging recommendations in radiology. AMIA 
Annu Symp Proc. 2017;2017:1196-1204.

	32.	 Borg M, Kristensen K, Alstrup G, et al. Consequences of los-
ing incidental pulmonary nodules to follow-up: unmonitored 
nodules progressing to stage IV lung cancer. Respiration. 
2024;103(2):53-59.

	33.	 Azharuddin M, Adamo N, Malik A. Evaluating pulmonary nod-
ules to detect lung cancer: does Fleischner criteria really work? 
J Cancer Res Pract. 2018;5(1):13-19.

	34.	 Khorasani R, Bates DW, Teeger S, Rothschild JM, Adams 
DF, Seltzer SE. Is terminology used effectively to con-
vey diagnostic certainty in radiology reports? Acad Radiol. 
2003;10(6):685-688.

	35.	 Gunn AJ, Tuttle MC, Flores EJ, et al. Differing interpretations 
of report terminology between primary care physicians and 
radiologists. J Am Coll Radiol. 2016;13(12 Pt A):1525-1529.e1.

	36.	 Lee B, Whitehead MT. Radiology reports: what YOU think 
you’re saying and what THEY think you’re saying. Curr Probl 
Diagn Radiol. 2017;46(3):186-195.

	37.	 Woloshin S, Schwartz LM, Dann E, Black WC. Using radiology 
reports to encourage evidence-based practice in the evaluation 
of small, incidentally detected pulmonary nodules. A prelimi-
nary study. Ann Am Thorac Soc. 2014;11(2):211-214.

	38.	 Carter BW, Lichtenberger JP, Wu CC, Munden RF. Screening 
for lung cancer: lexicon for communicating with health care 
providers. AJR Am J Roentgenol. 2018;210(3):473-479.

	39.	 McDonald JS, Koo CW, White D, Hartman TE, Bender CE, 
Sykes AMG. Addition of the Fleischner Society Guidelines to 
chest CT examination interpretive reports improves adherence 
to recommended follow-up care for incidental pulmonary nod-
ules. Acad Radiol. 2017;24(3):337-344.

	40.	 Aase A, Fabbrini AE, White KM, Averill S, Gravely A, Melzer 
AC. Implementation of a standardized template for reporting 
of incidental pulmonary nodules: feasibility, acceptability, and 
outcomes. J Am Coll Radiol. 2020;17(2):216-223.

	41.	 Nair A, Devaraj A, Callister MEJ, Baldwin DR. The Fleischner 
Society 2017 and British Thoracic Society 2015 guidelines for 
managing pulmonary nodules: keep calm and carry on. Thorax. 
2018;73(9):806.

	42.	 Iaccarino JM, Steiling K, Slatore CG, Drainoni ML, Wiener RS. 
Patient characteristics associated with adherence to pulmonary 
nodule guidelines. Respir Med. 2020;171:106075.

	43.	 Moseson EM, Wiener RS, Golden SE, et al. Patient and clini-
cian characteristics associated with adherence. A cohort study 
of veterans with incidental pulmonary nodules. Ann Am Thorac 
Soc. 2016;13(5):651-659.

	44	 Lee JS, Lisker S, Vittinghoff E, et al. Follow-up of incidental 
pulmonary nodules and association with mortality in a safety-
net cohort. Diagnosis (Berl). 2019;6(4):351-359.

	45.	 Walker D, Macdonald DB, Dennie C, Afkham A, Liddy C, 
Keely E. Electronic consultation between primary care pro-
viders and radiologists. AJR Am J Roentgenol. 2020;215(4): 
929-933.

	46.	 Desai S, Kapoor N, Hammer MM, et al. RADAR: a closed-loop 
quality improvement initiative leveraging a safety net model 
for incidental pulmonary nodule management. Jt Comm J Qual 
Patient Saf. 2021;47(5):275-281.

https://edepot.wur.nl/216590
https://www.ahrq.gov/teamstepps-program/curriculum/communication/tools/loop.html
https://www.ahrq.gov/teamstepps-program/curriculum/communication/tools/loop.html


12	 Canadian Association of Radiologists Journal 00(0)

	47.	 Valand HA, Chu S, Bhala R, Foley R, Hirsch JA, Tu RK. 
Comparison of advanced imaging resources, radiology work-
force, and payment methodologies between the United States 
and Canada. AJNR Am J Neuroradiol. 2018;39(10):1785-1790.

	48.	 Mezrich JL, Jin G, Lye C, Yousman L, Forman HP. Patient 
electronic access to final radiology reports: what is the current 
standard of practice, and is an embargo period appropriate? 
Radiology. 2021;300(1):187-189.

	49.	 Lee CI, Langlotz CP, Elmore JG. Implications of direct patient 
online access to radiology reports through patient web portals. J 
Am Coll Radiol. 2016;13(12):1608-1614.

	50.	 Hans Vitzthum von Eckstaedt V, Kitts AB, Swanson C, 
Hanley M, Krishnaraj A. Patient-centered radiology reporting  

for lung cancer screening. J Thorac Imaging. 2020;35(2): 
85-90.

	51.	 Henshaw D, Okawa G, Ching K, Garrido T, Qian H, Tsai J. Access 
to radiology reports via an online patient portal: experiences  
of referring physicians and patients. J Am Coll Radiol. 
2015;12(6):582-586.e1.

	52.	 Stone CJL, Robinson A, Brown E, et al. Improving timeliness of 
oncology assessment and cancer treatment through implemen-
tation of a multidisciplinary lung cancer clinic. J Oncol Pract. 
2019;15(2):e169-e177.

	53.	 Linford G, Egan R, Coderre-Ball A, et al. Patient and physi-
cian perceptions of lung cancer care in a multidisciplinary clinic 
model. Curr Oncol. 2020;27(1):e9-e19.


