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ABSTRACT

INTRODUCTION. The use of coronary CT angiography (CCTA) is increasing in Denmark, which leads to more incidental
extracardiac findings (ECF), especially lung nodules. While ECF often need further investigation, only a small percentage is
ultimately confirmed to be cancer. This study investigates ECF found on CCTA and presents information about patients
ultimately diagnosed with cancer.

METHODS. This registry-based retrospective study included data from 1 January 2018 to 31 December 2022 from the
Department of Cardiology and Endocrinology at the North Denmark Regional Hospital. The patients’ personal identification
numbers (CPR numbers) were used to obtain data in the electronic patient journal systems. The ECF and characteristics of the
patients with cancer are presented in tables using descriptive statistics.

RESULTS. In the study period, 2,635 patients underwent CCTA. ECF were identified in 643 patients and were predominantly
lung nodules (40.9%). A total of 406 patients (63.1%) were referred for an acute lung cancer conference and/or to a control
programme. Among patients who underwent CCTA (2,635), 17 (0.65%) were diagnosed with cancer.

CONCLUSIONS. ECF are common incidental findings in CCTA. However, in our study, only 0.65% of the ECF were subsequently
identified as cancer.

FUNDING. None

TRIAL REGISTRATION. The use of the data in this quality assurance study was approved by the participating hospitals and by
the Data Responsible Unit of the North Denmark Region (approval No. K2023-066).

Coronary computed tomography angiography (CCTA) was introduced in Denmark in 2008 [1]. The use of CCTA
has risen in recent years for primary evaluation of patients with a low to intermediate risk of coronary artery
disease and is the first-choice method for examining patients with suspected stable angina pectoris [1, 2].

Data from the Danish Heart Registry confirm that the number of CCTA procedures in Denmark increased by
36.27% from 2014 to 2023 [3]. Furthermore, data from the Department of Cardiology and Endocrinology at North
Denmark Regional Hospital show a similar increase of 32.02% in the same period [3].

Although CCTA primarily focuses on the heart, thereby describing coronary arteries, extracardiac structures in
the lungs and abdomen are also visualised and described in the final report. As the use of CCTA as a diagnostic
tool increases, there is also a rising number of extracardiac findings (ECF) [4].

ECF are common anomalies that, although unrelated to the primary focus of the investigation, can reveal other
pathologies and raise suspicion of malignancy, e.g. lung cancer [1, 5]. Therefore, ECF often require further
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investigations with additional imaging, exposing the patient to potential extra radiation, clinical follow-up and
waiting time, which frequently leads to anxiety in the patient [5]. Additional examinations are known to result in
higher costs and demand more healthcare personnel resources [6].

To our knowledge, there is limited data regarding ECF found on CCTA in Denmark. Therefore, we aimed to
outline the number of patients who underwent CCTA and further diagnostic investigations due to ECF.
Specifically, we aimed to describe patients who were diagnosed with cancer owing to the ECF in this population.

Methods

Settings

This was a registry-based retrospective study conducted over a five-year period. We included all patients
referred for CCTA at the North Denmark Regional Hospital from 1 January 1 2018 to 31 December 2022. To follow
patients with ECF, the study period for patients with ECF was extended to 1 November 2023. The extended
follow-up period allowed comprehensive information regarding the diagnostic process, treatment and outcome.

Study design

All living citizens residing in Denmark have a unique personal identification number (CPR number), which
serves as the primary means of identification in all interactions with healthcare providers and various
government and social organisations [7]. The CPR number contains historical and current personal information
such as name, sex, date of birth, address and healthcare data. We identified the study population using the CCTA
procedure code (UXC00A), which provided access to patient characteristics and outcome using their CPR
numbers in the electronic patient journal systems employed at the North Denmark Regional Hospital. In Danish
healthcare, procedure codes are used for patient documentation and for the registration of procedure costs [8].

Study population

The study population comprises all patients aged 18 years or older referred for CCTA during the study period.
Patients who did not undergo the CCTA procedure for various reasons and patients in whom ECF were not found
were excluded from further investigations.

We included the most common ECF, such as lung findings (nodules, atelectasis, fibrosis, infiltrate, emphysema
and bullae), dilated aorta, hiatus hernia, lymphadenitis and liver cysts. The inclusion of these ECFs was based on
previous investigations that found them to be the most common incidental ECFs on CCTA [5]. We included all
findings reported by the descriptive radiologist, regardless of size or appearance. It was then up to the
descriptive radiologist to assess whether further investigation was needed. Some of the above-mentioned ECFs,
such as hiatus hernia and atelectasis, were interpreted as expected benign findings.

We examined how many patients with ECF were referred to the acute lung cancer conference (ALC) or
designated to an individual control programme, and how many of them were subsequently diagnosed with
cancer. The study focused on the final diagnosis. The diagnostic process falls beyond the scope of the article. It
was up to the radiologist to decide whether a patient should be assigned to the ALC or the control programme.
The ALC is a multidisciplinary diagnostic unit in the North Denmark Region, the purpose of which was to
determine if the patient should be further referred for additional lung cancer investigations [1, 9].

Finally, patients who subsequently received a cancer diagnosis were investigated with descriptions of their
patient characteristics, including the type of cancer and treatment outcomes.

Statistics
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In this study, we employed descriptive statistics. Frequencies and percentages were computed for categorical
data. Age was represented by mean values along with minimum and maximum values. All statistical analyses
were performed using Microsoft Excel, Microsoft Corporation (2018).

Ethics

The study population was anonymised after data collection, in accordance with the General Data Protection
Regulation [10].

Trial registration: The use of the data in this quality assurance study was approved by hospitals and by the Data
Responsible Unit of the North Denmark Region (approval no. K2023-066).

Results

A total of 2,713 patients were referred for CCTA, but only 2,635 underwent the procedure (Figure 1).
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Patients with extracardiac findings found on coronary computed tomography angiography

Among 2,635 CCTA procedures, ECF were described in 643 (24.4%) patients. The most frequent findings in the
lungs were nodules (40.9%), atelectasis (15.2%) and fibrosis (7.8%). Findings outside the lungs included, e.g.,
dilated aorta (19.4%) and hiatus hernia (14.8%) (Table 1). Among the ECF,36.9% (n = 237) required no further
investigations as there was no suspicion of malignancy, whereas 63.1% (n = 406) of the ECF were referred to the
ALC and/or to a control programme. Among all the patients who underwent CCTA (n = 2,635), 17 (0.65%) were
diagnosed with cancer (Figure 1).
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Characteristics of patients diagnosed with cancer based on extracardiac findings

Patients characteristics of the 17 patients diagnosed with cancer are presented in Table 2. Six patients (35.3%)
were current smokers, seven (41.2%) were former smokers, and four (23.5%) had never smoked. Totally, 12
(70.6%) patients had a family history of cancer, and five (29.4%) had a prior or current cancer diagnosis at the
time of the CCTA procedure. Five (29.4%) of the patients were diagnosed with non-small cell lung cancer
(NSCLC) without metastasis, three (17.7%) had previously been diagnosed with NSCLC with metastasis and three
(17.7%) had metastatic cancer from a previously diagnosed primary cancer.
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Of all patients diagnosed with cancer, 35.3% had passed away and 35.3% were declared cancer-free at the end of
the study period. In addition, four patients (23.6%) lived with incurable cancer; three of these patients received
palliative care and one followed a watch-and-wait strategy. Data are missing on one patient, as the control
programme was conducted outside of the North Denmark Region.

Discussion

Frequency of extracardiac findings

In our study, we found ECF in 643 (24.4%) of 2,635 CCTA procedures. The incidence of ECF in our study is
somewhat lower than other CCTA studies, reporting up to 44% ECF [11, 12].
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As expected, the most common ECFs in our study were located in the lungs (77.1%), predominantly lung nodules
(40.9%), which is consistent with the study by Kelion et al. [5], who found lung nodules in 41.3% of ECFs.

ECF represent a clinical challenge because, even though many of them are benign, it is crucial to identify ECF
with a risk of malignancy [13]. A prior systematic review from 2013 [12] found that the pooled prevalence of
previously unknown malignancies was 0.7%, with 72% of these being lung cancers. This aligns well with the
findings of our study, where 70.6% of the cancer diagnoses were lung cancers. Our study contributes to the
existing literature by demonstrating that only a small proportion (0.65%) of the patients undergoing CCTA were
diagnosed with cancer based on ECF.

Characteristics and outcomes of patients diagnosed with cancer

Overall, we found that 17 patients diagnosed with cancer had one or more factors potentially predisposing to
cancer development. Thus, among patients diagnosed with cancer, 76.5% had a history of smoking, 70.6% had a
family history of cancer and 29.4% had a history of cancer. Within our patient population, the results regarding
smoking support the association between smoking and various diseases, particularly cancer, notably lung
cancer, as demonstrated in the literature [14]. Moreover, it is relevant to mention that some of the patients who
had a history of cancer were diagnosed with metastases and/or primary cancer as ECF, which may indicate that
previous cancer increases the risk of recurrence [1, 15, 16].

The results from our study may indicate that detecting cancer early had a more favourable outcome, since all the
patients who had cancer without metastasis were declared cancer-free by the end of the study period. In
contrast, all patients who had passed away by the end of the study period were diagnosed with disseminated
cancer after further investigations due to suspicious ECF on the CCTA. However, we lack a five-year follow-up
for all cancer patients due to the relatively short study period. As a result, we do not know if some of the patients
may experience a recurrence of the cancer or die within a five-year period. Our findings suggested that CCTA
procedures should consistently include an ECF analysis, and that the presence of ECF should always be reported
[12].

Ethics

There is an ethical dilemma concerning ECF identified on CCTA, even though these are not the primary purpose
of the procedure. Some patients undergo further diagnostic investigations with invasive procedures and
potentially unnecessary radiation exposure and anxiety despite possibly having benign findings, which could
potentially trigger serious health complications [5, 17].

It is crucial to analyse if the benefits of the additional diagnostic procedures related to the ECF outweigh the
associated risks and complications, given that only 0.65% of patients referred for CCTA were diagnosed with
cancer. It is important to consider the emotional impact of additional diagnostic investigations, which mostly
turn out to be clinically nonsignificant [5]. To the best of our knowledge, there is limited research on this topic in
Denmark, indicating that it may be a relevant area for future research.

Economics

In our study, we found that 406 out of 643 (63.1%) of the described ECFs required further investigations. These
investigations raise substantial economic concerns for the healthcare system [5, 6, 17]. Substantial financial
resources are allocated to the investigation of potential malignancies, despite 99.35% of the CCTA in our study
showing no signs of malignancy.

A Danish study from 2014 [18] argued that the amount of CCTAs should be reduced. The study expressed
concerns that the growing use of CCTA could lead to extra patient pathways demanding considerable personal
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and financial resources.

Subsequently, a Danish study from 2022 [19] argued that ECF could have severe consequences for the patient if
not followed up, particularly in relation to lung nodules that may, in some cases, indicate cancer. The paper
suggested a need for follow up to exclude malignancy. The article also outlined the substantial resources
required, especially from the pulmonary and radiological departments, to complete ECF follow-up. However,
the considerable amount of ECF detected on CCTA places an additional burden on Danish healthcare, which is
currently under considerable financial pressure. [20]. Given the results of this study, the economic justification
of these ECF investigations may be questioned, as only a small proportion proves to be clinically relevant.

Limitations and strengths

One of the limitations of the study is the five-year study period, not allowing a full follow-up on patients with a
cancer diagnosis. Thus, our analysis is limited to their conditions as recorded when the study period concluded.

However, our study population was large and included all patients undergoing CCTA in the study period.
Considering this, we assess that our findings are highly representative of the group of patients in which ECF
were identified in our study population as in other populations. This implies that the findings may be
extrapolated and used for comparison in other CCTA studies.

Conclusions

In our study, ECF were present in 24.4% of patients who underwent CCTA. A total of 63.1% of the ECF found on
CCTA require further investigations due to a suspicion of malignancy. However, malignancy was found in only
0.65% of all patients undergoing CCTA, and the most common type of cancer was lung cancer. Further
investigations related to ECF can have economic, ethical and psychosocial implications for patients and the
healthcare system.
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