
ABSTRACT
Background and purpose: There is limited data on the real-world management of incidental pulmonary 
nodules (IPN). In this article, we review current practices and adherence to international guidelines in the 
Nordic countries.
Materials and methods: This non-interventional, observational survey study based on an online survey 
consisting of 13 questions. In total, 32 hospitals responded to the survey, with 11 from Denmark, 10 from 
Sweden, 7 from Norway, and 4 from Finland, resulting in an overall response rate of 86% (32/37). These 
institutions reported following a median of 20 new lung nodules monthly (5–400 IPN cases per month).
Results: In Denmark and Sweden, 100% of respondents indicated the presence of national guidelines. In 
Norway, this rate was 86%, and in Finland 80%. Among the primary guidelines followed, 70% of respon-
dents reported using national guidelines, 20% used international guidelines, and only 10% reported rely-
ing on local/institutional guidelines as their first choice. Most sites used a combination of international 
and national guidelines (75%, 24/32). Available international guidelines were equally represented, with 
35% using the Fleischner Criteria, 30% using British Thoracic Society guidelines, and 35% using others (e.g. 
European Society for Medical Oncology, National Comprehensive Cancer Network). There was variation in 
which department held primary responsibility for IPN follow-up. The article also demonstrated differences 
in suggested follow-up cases from the survey.
Interpretation: The study reveals strong adherence to guidelines among Nordic hospitals, with a notable 
preference for hybrid approaches that combine different guidelines. We need continued efforts to harmo-
nize and update guidelines.

ARTICLE HISTORY
Received 8 November 
2024
Accepted 13 December 
2024
Published 8 January 2025

KEYWORDS
Pulmonary nodule; 
adherence to guidelines; 
adherence; healthcare 
survey; Nordic

Introduction

Incidental pulmonary nodules (IPNs) are nodules discovered 
unintentionally on computed tomography (CT) scans con-
ducted for unrelated reasons such as trauma, pulmonary dis-
ease, and cardiac or mediastinal conditions. According to the 
Fleischner Society, an IPN refers to lung space-occupying lesions 
larger than 3 mm and up to 3 cm in diameter, without specific 
classification regarding their nature. These nodules are sur-
rounded by lung tissue and can be solitary or multiple. IPNs are 
also categorized into solid and subsolid nodules, with the sub-
solid nodules further classified into pure ground-glass nodules 
and semisolid nodules.

Although the proportion of patients with IPNs varies between 
10 and 59% in the literature [1, 2], it is evident that IPNs are very 
common in the population. Extrapolation of the data suggests 
that in 2015, ~1.6 million IPNs were detected by CT scans in 1 
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year in the entire US population [3]. CT has been increasingly 
used worldwide, and incidental findings are growing likewise [2, 
4].

While only a small proportion of IPNs correspond to early-
stage lung cancer, identifying and selecting the malignant ones 
is crucial. Accurate assessment and appropriate follow-up of 
IPNs may be just as important as screening programs in reducing 
lung cancer mortality. For example, in a previous study by 
Vindum et al., out of 4,181 patients with IPN monitored with CT 
scans, 249 (6%) were diagnosed with lung cancer. Of these, 224 
(90%) were diagnosed during follow-up, with the majority of 
cases detected at an early, potentially curable stage [5]. At the 
same time, we know that almost half of the patients with IPNs 
are not appropriately monitored, and it was estimated that 2.5% 
of stage IV lung cancer could have been detected earlier with 
proper surveillance [6–8].
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Despite existing guidelines from major medical societies like 
The Fleischner Society [9], BTS (British Thoracic Society) [10], 
ACCP (the American College of Chest Physicians) [11], and the 
NCCN (National Comprehensive Cancer Network) [12], studies 
suggest that many health care practitioners are not fully aware 
of or do not consistently apply them. Awareness and use of the 
guidelines vary significantly between countries, ranging from 
27 to 61% in different studies [13]. The varying adherence to 
these guidelines among radiologists, pulmonologists, and 
general practitioners indicates a need for improvement.

There is limited data on the real-world management of IPNs, 
and clinical routines remain uncertain, leading to many 
potentially overlooked cases. In this article, we review current 
practices and adherence to international guidelines in the 
Nordic countries, evaluate discrepancies and knowledge gaps 
across these countries and provide a basis for future research 
and improvements in existing practices.

Methods

This non-interventional, observational survey study aimed to 
evaluate current practices and procedures for IPN follow-up in 
the Nordic countries. The study was conducted in three phases: 
(1) an online workshop to define research questions and survey 
content, (2) a structured survey for healthcare professionals, and 
(3) summarization and validation of the results.

Online workshop

A virtual, multi-professional expert workshop was conducted, 
involving pulmonary physicians (n = 5) and thoracic radiologists 
(n = 3) from Denmark and Norway, facilitated by representatives 
from AstraZeneca (n = 2). During the workshop, participants dis-
cussed existing knowledge gaps, key assessment points, and 
the overall coordination workflow for this project. The workshop 
also aimed to establish a Nordic collaboration on IPN manage-
ment, leading to the future development of survey questions.

Structured survey

Following the workshop, the survey draft was reviewed and 
refined based on feedback from the expert panel. The final sur-
vey consisted of 13 questions: two to identify the responding 
site, eight multiple-choice questions, and three open-ended 
questions. Five of the questions included different theoretical 
examples. The questionnaire is provided in the Supplementary 
Materials. Google Forms was used as the survey platform.

The survey was disseminated across the four most populous 
Nordic countries, encompassing 98.5% of the total Nordic 
population. The survey aimed to encompass all pulmonary 
departments across Denmark, Norway, Sweden, and Finland, 
targeting both university hospitals, central hospitals, and local 
hospitals in each country. The distribution was facilitated 
through the authors’ extensive collective network of contacts 

working with lung cancer and with clinical experience within 
the area of IPN follow-up. The selection process aimed to include 
various regions within each country. After an initial 3-week 
period, a reminder was sent to non-responding sites. Data 
collection spanned from early May 2024 to the end of July 2024, 
spanning a total of 3 months.

Summarizing and validation

Upon receiving the survey responses, participants from the ini-
tial workshop validated the results, clarified any ambiguous 
data, and prioritized the most significant factors identified in the 
survey. Communication during this phase was conducted via 
email.

Statistical approach

Numerical responses were analyzed using average values; how-
ever, statistical significance was not assessed due to the nature 
of the questions and the limited number of responses. Open-
ended responses were analyzed qualitatively, focusing on the 
level of detail.

Data availability statement

Data used in the study are available on request to correspond-
ing author.

Ethical considerations

All survey participants were informed about the study’s pur-
pose, data usage, and measures to ensure privacy and confiden-
tiality during data collection. No personal or patient-specific 
data were collected, thus exempting this study from the need 
for informed consent or patient Institutional Review Board/
Ethics Committee approvals. 

Results

In total, 32 hospitals responded to the survey, with 11 from 
Denmark, 10 from Sweden, 7 from Norway, and 4 from Finland, 
resulting in an overall response rate of 86% (32/37). These insti-
tutions reported following a median of 20 new lung nodules per 
month, with the number ranging from 5 to 400 nodules depend-
ing on the site’s patient volume.

IPN follow-up

There was variation in which department held primary responsi-
bility for IPN follow-up. In 19 cases, the pulmonary department 
was responsible, while only one site reported that the radiology 
department alone handled the follow-up. The remaining 
respondents (n = 12) reported a multidisciplinary approach, 
with pulmonologists and radiologists making shared decisions. 
Primary care physicians alone were responsible in two cases; 
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however, three additional sites reported primary care as an 
alternative institution for IPN follow-up, all in Sweden.

Guidelines used

In Denmark and Sweden, 100% of respondents indicated the 
presence of national guidelines. In Norway, this rate was 86%, 
and in Finland 80%. Among the primary guidelines followed, 
70% of respondents reported using national guidelines, 20% 
used international guidelines, and only 10% reported relying on 
local/institutional guidelines as their first choice. Most sites used 
both international and national guidelines (75%, 24/32). 
Available international guidelines were equally represented, 
with 35% using the Fleischner Criteria, 30% using BTS guide-
lines, and 35% using others (e.g. European Society for Medical 
Oncology [ESMO], NCCN).

Management of solid lung nodules

There was some discrepancy in strategies for managing different 
scenarios involving solid lung nodules. For a solid lung nodule of 
6 mm with no previous imaging and no typical benign morphol-
ogy, most sites chose CT control at 6 months (n = 16), followed by 
3 months (n = 5) or 12 months (n = 5). Five sites used the Brock 

risk score for control stratification, and one site opted for further 
investigation with Positron Emission Tomography (PET) and 
biopsy. For a solid lung nodule of 8 mm with no previous imag-
ing and no typical benign morphology, sites chose either CT con-
trol at 6 months (n = 10), CT control at 3 months (n = 8), or further 
investigation with PET and biopsy (n = 8). An additional 6 sites 
would consider PET and biopsy after applying the Brock risk 
score. For a solid lung nodule of 10 mm without previous imag-
ing and no benign criteria, 27 out of 32 sites chose investigation 
with PET and biopsy, while the remaining five sites would con-
sider this option after applying the Brock risk score. The response 
option ‘Depending on Brock risk score’ in the survey was designed 
as a possibility to indicate a need for additional patient informa-
tion, rather than relying solely on the data derived from the 
images, and can serve as a proxy for grade of uncertainity or 
complexity in this instance.

Management of ground glass nodules

For a Ground Glass Opacity of 8 mm with no previous imaging, 
60% of respondents chose CT follow-up at 3 months, while 40% 
opted for CT follow-up at 6 months. For a Ground Glass Opacity 
of 10 mm with no previous imaging, 13 respondents chose CT 
follow-up at 3 months, 7 chose CT follow-up at 6 months, 3 
chose CT follow-up at 1 year, and 8 opted for investigation with 
PET and biopsy. One response was missing.

Discussion

Use of IPN guidelines

The survey results indicate commendable adherence to IPN 
guidelines among Nordic hospitals, with all responding institu-
tions incorporating these guidelines into their everyday practice. 
Although established national and international recommenda-
tions for action are in place, previous studies have shown much 
lower rates of guideline utilization (35–60%). This discrepancy is 
often due to medical practitioners either being unaware of the 
recommendations or, despite being aware, failing to apply them 
correctly [14, 15]. Such lapses can lead to missed or delayed fol-
low-ups, as well as excessive follow-ups, including unnecessary 
invasive procedures or nuclear imaging.

But our findings still highlight opportunities for improving 
IPN management. There is no standardized approach among 
the responding institutions, with a variety of different guidelines 
– sometimes used in combination – being followed. Other 
studies have also shown that medical experts involved in IPN 
follow-up express concerns about the guidelines, noting that 
they can be vague or not applicable to certain nodules [16]. 
Radiologists reported that they sometimes had to deviate from 
the guidelines based on their expertise in interpreting clinical 
history and IPN characteristics. This leads to inconsistencies in 
patient care, as unclear or suboptimal guidelines are thought to 
contribute to lower adherence. In addition, the applicability of 
existing guidelines can vary depending on local factors such as 
healthcare accessibility, socioeconomic status, and more. Given 

Figure 1. Participating hospitals (marked with red dots).
Denmark: 1) Aarhus 2) Copenhagen 3) Odense 4) Aalborg 5) Sønderborg 6) 
Gødstrup 7) Viborg 8) Næstved 9) Randers 1) Roskilde 11) Vejle. Finland: 12) 
Helsinki 13) Kuopio 14) Lahti 15) Espoo. Sweden: 16) Stockholm 17) 
Eskilstuna 18) Falun 19) Växjö 20) Västerås 21) Gävle 22) Sundvall 23) Umeå 
24) Gothenburg 25) Kalmar. Norway: 26) Tønsberg 27) Trondheim 28) 
Tromsø 29) Kongsberg 30) Kristiansand 31) Møre og Romsdal 32) Lørenskog
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that the Nordic countries have relatively uniform healthcare 
systems, they might benefit from adopting a common 
framework rooted in existing guidelines but adapted for local 
conditions. The knowledge about IPNs is well-established, and 
current guidelines are supported by a vast database of cases. 
Investigating a combination of different guidelines that allow 
for more precise risk assessment in each case may be a 
reasonable approach for future studies.

Managing solid and ground glass nodules

The management strategies for solid lung nodules and ground 
glass opacities varied, reflecting the complexity of clinical deci-
sion-making in these cases. For example, follow-up intervals for a 
6 mm solid nodule ranged from 3 to 12 months, with some insti-
tutions opting for further investigations based on risk stratifica-
tion tools like the Brock risk score. Similarly, for an 8 mm nodule, 
the suggested options included CT follow-up at 3 or 6 months, or 
PET and biopsy in certain cases, sometimes guided by Brock Risk 
Score. A study by Rampinelli et al. [17] showed similar variability 
in management strategies, particularly for smaller and ground 
glass lesions, where a cautious approach with shorter follow-up 
intervals was more common. Our study also found a more uni-
form approach for managing larger solid lesions.

Current IPN guidelines offer recommendations rather than 
strict rules, so some variation is expected in real world practice. 
In the current study, even in the countries with national 
guidelines like Denmark and Sweden, we still have differences in 
IPN management within that same country stressing the 
difficulty of interpreting the guidelines in clinical practice. These 
variations underscore the need for flexible yet clear guidelines 
that accommodate different clinical scenarios while maintaining 
a standardized approach, considering factors like risk factors 
and patient preferences. Many institutions in our survey adopted 
a hybrid approach, combining different international and local 
guidelines. This strategy allows them to incorporate global best 
practices while adapting to local contexts. Studies suggest that 
guideline application can be further improved by calculating 
individual malignancy risk using models like the Mayo Clinic 
model, the Brock model (CT) or the Herder model (CT+PET), 
which take into account factors such as age, sex, ethnicity, family 
history of lung cancer, previous extra-thoracic cancer, and/or 
smoking history [18, 19], but these additional information may 
not always be readily available.

Strengths and limitations

This study includes hospitals with varying patient volumes, 
ensuring a comprehensive representation of practices across 
different regions in the Nordic countries. By surveying hospitals 
directly, it provides valuable insights into how guidelines are 
implemented in real-world settings. However, the study has lim-
itations typical of self-reported data, including potential 
respondent bias. Additionally, hospitals that did not participate 
may have different practices or levels of guideline adherence, 

which could skew the findings. Since surveys capture practices 
at a single point in time, longitudinal studies would be neces-
sary to understand how these practices evolve.

Conclusions

The survey reveals strong adherence to guidelines among 
Nordic hospitals, with a notable preference for hybrid 
approaches that combine different guidelines. While there is 
room for improvement, the overall commitment to following 
evidence-based protocols is commendable and crucial for opti-
mizing patient outcomes. Continued efforts to harmonize and 
update guidelines, along with targeted interventions to address 
barriers to adherence, will further enhance the quality of care for 
patients with incidentally detected pulmonary nodules.
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