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Management Summary

Motivation & Objective

The increasing demand for the healthcare system to minimize spending and provide the same
quality of care (if not better) has forced stakeholders to develop ideas and plans to make their
operations more efficient. The Leiden University Medical Center (LUMC) board aims to cut its
costs by making projects on hospital broad themes. One of those themes is Diagnostics, with the
Radiology department, which our project focuses on, being one of them. The radiology
department is a place where innovation is increasing on almost a daily basis, however, this
increases the outcomes and therefore the costs. Several factors increase the frequency of imaging
tests, including Incidental Findings (IFs). IFs refer to unexpected and unintended findings
unrelated to the primary reason for the imaging study (Pham et al., 2014). IFs were also talked
about by medical staff in a diverse way, making it more difficult to grasp their frequency and
impact. To know the significance of the impact of IFs on radiology is the objective of this research.
Reaching such an objective would help us understand the causes of IFs and the influence and
costs of IFs on radiology. With such knowledge, we can move forward and start making proposals
to mitigate the impact of IFs. Moreover, to specifically see the effects of IFs at the LUMC and as a
proof of principle, we examine Breast Cancer (BC) patients at the LUMC to see how IFs impact the
rate of imaging testing.

Approach

We start with literature research and interviews with medical experts to gather knowledge about
IFs and how it impacts radiology. The aim is to identify the causes of IFs by getting insights into
the processes of detecting an IF, the types of IFs, and their frequency and severity. Then, we
examine the literature on how IFs impact radiology by knowing the most common follow-ups after
detecting an IF and the costs of IFs. We then search for ways to minimize the impact of IFs on
radiology. Finally, we research the influence of IFs on BC and transform that into the basis of
analyzing the data given by the LUMC to assess the impact IFs have on the medical imaging of BC
patients.

Results

In the literature study, we found out that there are six steps involved in detecting IFs in radiology.
Based on various studies, we found that the detection rate for IFs ranges from 3% to 40% and is
highly influenced by the modality used and the primary diagnosis. In the same studies, we found
out that CT and PET scans are the modalities with the most IFs, most PET/CT tests are used to
look for metastases, and in most cases, IFs are not clinically significant.

In different studies, we found that IFs significantly impact patients, medical staff, and capacity,
which leads to extra costs. We also found three strategies to minimize the rate of IFs, The NLP
algorithm, the ACR project, and guidelines for radiologists.



In the data analysis of BC patients in the LUMC, seven relationships between imaging modalities
were studied to assess the influence IFs have on those relationships (See Table 1 — Confidential).
We first examined if there was a yearly correlation. If there was a yearly correlation, a monthly
correlation was examined. If there was a monthly correlation, an analysis of this correlation was
examined to see how much it is due to IFs, based on radiologists’ reports.

Table 1 Relationships results

Conclusion

Value for Science

This research contributes to the scientific community in various ways. First, it helps advance
knowledge regarding IFs, as it gives new insights, challenges existing theories, and analyzes
existing literature and data, thereby pushing the boundaries of knowledge. Second, it has a
methodological contribution and data analysis approaches, which allow others to build upon or
replicate the methods used. Third, it allows the dissemination of findings, as most of this research
will be publicly available, allowing other researchers to access, cite, and build upon the work.

Value for Practice

There are two ways in which this research contributes value to practice. First, it offers practical
insights, innovative approaches, and recommendations that can be applied in the LUMC. Second,
it guides practitioners in making informed choices, developing policies, or implementing changes
based on a solid foundation of research evidence.



Table of Contents

PrEFACE e et e s e e bt e s re e e b e e nnneereen 2
MaNAZEMENT SUMIMI@IY ...ttt sbs s s bsssssbssasasssssssssnsnnnnns 3
MOTIVATION & ODJECTIVE ... e s e e s st e e e sbaae e s e saraeeeenns 3
LY o] o - [l 1SS USURR 3
RESUIES . s s 3
(6073 Vol [V [o ] o RO OO PTSTPTTOPPRRP 4
1 INTrOAUCHION et e s s na e snee e 7
0 A I 0 1\V/ (@ D 7YY o o) o] o 7
1.2 Motivation and Problem DesCription .......cuuiiiiciiiii it e e s 7
1.3 RESEAICN GOl .ciuiiiiiiiieiiie ettt ettt et ear e e 9
1.4  Research QUEeStioNS aNd SCOPE .....uuuriiiiieeiii e ee e e e e e e e e e e e e e searrrereeeee s 9
1.5 DEIIVEIADIES ...ttt e e sanee e 10
2 The Causes of Incidental FINAINGS (IFS) ....ueiiiiiuiiiiiiiiiee e ee e e e e 11
2.1  The Process of Detecting Incidental Findings (IFS) .....ccuvveiiiiiieeeiiieee e 11
D2 A 1Y/ o =T o 1 PSS 12
2.3 The Frequency and Severity of Incidental Findings (IFS) .....ccovvvevreeeeiiiiiiiireeeeee e, 15
2.4 CONCIUSION ettt s b e s enn e s nrees 17
3 The Impact of Incidental Findings (IFs) on Radiology .........coeevuiiiieiciiiiieecieee e, 18
3.1 Common Follow-Up Tests of Incidental Findings (IFS).......cccovvrereeeeiiiiiiiiiieeeeee e, 18
3.2 Incidental FINdings (IFS) COSS ..eiieiiiiiiiiiiiiieeiee ettt et e e e e e eesrrree e e e e e e e e snannrees 19
3.3 CONCIUSION ettt 21
4 Minimizing the impact of Incidental Findings (IFS).......cccovurieiiiieiieiiiiieeeee e 22
4.1  American College of Radiology (ACR) ProjecCt .......ccccvvvrveeeeeiieiiciirreeeee e cecireeeee e e e 22
4.2  Natural Language Processing Algorithm ..o e 23
4.3  Strategies that Influence the Detection Rate of IFS .......cceveiiivicciiiiieeie e, 24
A4 CONCIUSION ittt ettt s e b e et esse e saneesnneereenneesneens 25
5 Incidental Findings (IFs) and Breast Cancer (BC) ........ooceciieeeeeiiieeecciieee e eecvee e eevreee e 26
5.1 Reasons why Breast Cancer (BC) was chosen for the Data Analysis..........ccccevvveeeennnenn. 26
5.2  Impact of Incidental Findings (IFs) on Breast Cancer (BC) .....cccccveeeeeieiicnrreeeeeeeeeeeiennnnne 27



5.3 Incidental Findings (IFs) of Breast Cancer (BC) and Imaging Modalities...........cccc......... 27

5.4 CONCIUSION ittt ettt ettt e st e st e s st e e sab e e e eabeesnneas 28
I Y o -1 V] 3 SRR PPPRRSPTPPRR 29
6.1  DECISION TrE ..eviiiiiiiiiii ittt e e 29
(ST DT-1 - 12 o] o o Y- ol TSP 30
6.3 Approaching TableaU........uiii i e 31
T ST 0 T 1T =4 U 32
6.5  Validation and VerifiCation .......c.c.ooveeiiiiiieiiecieeeeee e 32
6.6 CONCIUSION ..ttt ettt e st e s st e s st e e sab e e s saneesneeas 32
7 ConCluSioN @aNd DiSCUSSION.......iiiiiiiieiieeeiiee ettt ettt e et e e et e s st e s sateessareesneeesneeeeas 32
ValUE O SCIBNCE ...t s 32
AV LU= (o T o =Tt n ol T PSP RP PP PP PSPPI 32
(] g1 7Y o SRR PPPTPRPP 33
Further Research and Recommendations...........cooiiiiiiiiiiiiiiiiiiceece e 33
271 o1 [T =4 =T o V2SRRI 35
Y oY o<1 o Vo 1 GO PSP 37



1 Introduction

Incidental findings, those unexpected discoveries unrelated to an imaging study's primary goal,
have grown to be a prominent topic of discussion in radiology. These incidental findings provide
difficulties for radiologists and significantly affect patient treatment and the use of healthcare
resources.

This report aims to comprehensively examine the impact of incidental findings on radiology,
focusing on their leading causes, the implications for radiological practice, strategies to minimize
their impact, and an analysis of data related to incidental findings.

This chapter is organized as follows. Section 1.1 describes the host organization, and Section 1.2
the motivation and problem description of this research. The subsequent sections describe the
research goal (1.3), the research questions (1.4), and the intended deliverables (1.5).

1.1 LUMC Description

Leiden University Medical Center (LUMC) is a renowned academic medical center in Leiden,
Netherlands. It is known for its innovation, excellence, and healthcare and medical research
collaboration. LUMC has three central departments, Patient Care, Research, and Education.

The Medical Center traces its roots back to 1575 when Leiden University, one of Europe's oldest
universities, was founded (About Us, n.d.). Throughout its history, LUMC has been at the forefront
of medical advancements, pioneering breakthroughs in diverse fields ranging from medical
research to patient care.

LUMC is a line organization with decentralized management, which implies that department
heads and divisional boards have equal responsibility within the parameters established by the
Board of Directors (Management and organization, n.d). In Appendix, we show the LUMC
organization chart, which shows the board of the LUMC (the project initiator).

1.2 Motivation and Problem Description

LUMC has a major plan to cut their costs, their current spending is 600 million Euros, and they
aim to minimize those costs by 54 million euros to spend a max of 546 million euros. Figure 1,
breaks down LUMC’s costs (focused on BC). The costs can be broken down into Personnel, Medical
Equipment, Infrastructure, Education and Training, Administrative, Research and Development,
Operations, and more. One of the sectors that can be optimized to minimize costs is the
operations section. Such a section includes various sorts of operations. However, our focus would
mostly be on the diagnostics department.
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Figure 1 LUMC Costs Breakdown

We focus on the radiology department due to its involvement with BC and the impact incidental
findings (IFs) have on it. IFs refer to unexpected and unintended findings unrelated to the primary
reason for the imaging study (Pham et al., 2014). These findings can be benign or malignant and
may require further evaluation or intervention (Schmidt et al., 2012). Benign findings mean that
the finding is non-cancerous, and malignant findings mean that the finding is cancerous and,
therefore, clinically significant. Incidental findings can be detected in various imaging modalities,
including MRIs, CT scans, X-rays, PET scans, Ultrasounds, Mammographies, and more (See Figure
1). (Schmidt et al., 2012; Lee et al., 2010; Burt et al., 2008).

According to Gerrit Jan Liefers (Researcher, Professor, and surgeon at the LUMC), an IF is when
making an image and finding another suspicion in a different part of the body. It could be when
doing an MRI and finding a suspicion in the other breast which can lead to a change of care.



The fact that IFs lead to extra costs in the LUMC is why this research is conducted. The research
aims to understand better how and why IFs occur (Chapters 2 & 3) to help mitigate their effects
(Chapter 4). Moreover, in Chapter 6, we specifically study breast cancer (BC) patients in the LUMC
to see how IFs impact them. The reasons BC is chosen and the details about the relation between
IFs and BC are shown in Chapter 5.

1.3 Research Goal

The goal of this research is:

To know how significant the impact of incidental findings is on radiology.

1.4 Research Questions and Scope

1. What are the main causes of IFs in Radiology? (CH.2)

1.1. How is an IF detected?
1.2. What are the types of IFs?
1.3. How frequently do IFs occur and what is their severity?

2. How does IF impact Radiology? (CH.3)
2.1. What is the most common follow-up detecting an IF?
2.2. What are the costs of the IFs?
3. How to minimize the impact of IFs on radiology? (CH.4)
4. How do IFs of BC impact the LUMC?
4.1. What are the relations between BC and IFs? (CH.5)
4.2. To what extent do IFs impact the radiology department in the LUMC? (CH.6)

The first, second, and third research questions (including their sub-research questions) are all
answered using literature studies.

The first sub-research question of the fourth research question is also answered using literature
studies, while the second sub-research question is answered using analysis of the data given by
the LUMC about BC patients.

This project has two scopes:

1. To study the impacts of IFs on all types of patients in radiology. (CH.2/3/4)
2. To analyze the impact of IFs on BC patients in the LUMC. (CH.5/6)

Figure 2 shows the idea behind the main goal and why the research questions were chosen. This
is done in two ways. First, it introduces the causes of the IFs by showing the detection process,
type of discoveries, and frequency. Second, it shows how and why IFs impact radiology, therefore,



gives us insights into the costs of IFs. Consequently, with such knowledge, we have a more precise

grasp of IFs and can propose ways to minimize their impact on radiology.

Detection Process

Radiology

Y

Incidental Findings

k

Discoveries

Frequency

Figure 2 Research goal/question illustration
1.5 Deliverables

This study has one main deliverable:

e An analysis that shows the impact of incidental findings on the BC patients of the

LUMC

This study forms the basis for further work, which will focus on:

1. Research that shows whether there was a care change when conducting the extra

tests made due to an IF.
2. Atool/algorithm that can be applied to patients other than BC patients.
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2 The Causes of Incidental Findings (IFs)

This chapter discusses the causes of IFs. To do so, we first understand the IF detection process
(Section 2.1). Second, we comprehend the types of IFs (Section 2.2). Third, we study the
frequencies of IFs detection and their severity based on the modality and type of IF (Section 2.3).
The last Section (2.4) concludes the findings of this chapter.

2.1 The Process of Detecting Incidental Findings (IFs)

In radiology, examining and interpreting medical images, IFs are frequently found. When
evaluating imaging studies like X-rays, CT scans, MRI, ultrasound, and PET scans, radiologists are
crucial in spotting these unanticipated abnormalities or lesions. There are six steps involved in
detecting IFs in radiology:

1. Image Acquisition: The first process is to acquire imaging results using special radiographic
equipment. Different imaging modalities capture images of different body structures and
systems. For example, X-rays provide two-dimensional images, while CT scans and MRIs
offer detailed cross-sectional views of the body.

2. Image Review: Radiologists thoroughly examine the images after image acquisition to
evaluate the main clinical issue or condition for which the imaging scan was requested.
They concentrate on assessing the suspected pathology or the targeted location as
specified by the referring doctor (Hall et al., 2009).

3. Systematic Examination: The complete imaging scan is then systematically examined by
radiologists. Beyond the primary area of interest, they carefully assess the images,
searching for any unexpected discoveries or anomalies that might not be connected to
the original purpose of the imaging investigation (Rosado-de-Christenson, 2019).

4. Imaging Characteristics: Radiologists pay attention to specific imaging characteristics that
may suggest the presence of an IF. These characteristics can include the detected
abnormalities in size, shape, density, texture, and enhancement patterns (Eberhardt et al.,
2016). By comparing these characteristics to previously known patterns, radiologists can
make their assessments.

5. Communication: Once an incidental finding is identified, radiologists communicate their
findings to the referring physician or the healthcare team involved in the patient’s care.
They provide a detailed report that includes information about the primary diagnostic
guestion, any incidental findings encountered, and further evaluation or management
recommendations.
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6. Follow-up and Management: Based on the radiologist’s report, the referring physician
evaluates the incidental finding and determines the appropriate course of action. This may
involve further diagnostic tests, specialist consultations, monitoring, or the initiation of
specific treatments (Kumada et al., 2019).

In summary, the detection of IFs in radiology involves a systematic review of medical images
beyond the primary area of interest. In addition to the accuracy of the imaging results,
radiologists rely on their knowledge, skill, and experience to spot unexpected abnormalities or
lesions. To make sure that IFs are adequately assessed and treated for the patient’s benefit, clear
communication of the results and appropriate follow-up are essential.

2.2 Types of IFs

IFs in medical imaging can encompass a wide range of abnormalities, conditions, or lesions that
are discovered unexpectedly during imaging studies. These findings can vary in their clinical
significance, ranging from benign and inconsequential to (malignant) potentially serious or life-
threatening. This section shows some of the most common types of IFs.

According to Mollard (2022), we show some common types of IFs in the following subsections.

2.2.1 Atherosclerotic Plaque

Atherosclerotic plaque, or the accumulation of fatty deposits within the artery walls, is a frequent
finding on CT scans of many body areas.

2.2.2 Calcifications

Calcifications, which are tiny calcium deposits, are found in many organs, according to CT scans.
These calcifications can develop because of several illnesses, including the development of
atherosclerotic plaque (linked to coronary artery disease), the development of stones (such as
kidney and gallstones), and other closely related conditions.

2.2.3 Cysts

Cysts are sacs filled with fluid that can develop in any organ in the body. Cysts are widespread and
frequently seen in organs including the liver and kidneys, but unless they become sizable and put
pressure on nearby structures, they usually do not have a significant clinical impact. Cysts are
thought of as a regular occurrence and only cause minor concern if they grow exceptionally large
or result in difficulties.
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2.2.4  Lymph Nodes

Little kidney bean-shaped organs called lymph nodes are a component of the lymphatic system.
They are visible in ultrasonography, mammography, CT, and MRI scans.

2.2.5 Tumors

There are two types of tumors: benign (non-cancerous) and malignant (cancerous). Any organ
can contain them, and they are most frequently spotted on ultrasound, CT, PET scans, or MRI.

2.2.6 Circulatory System (Blood Vessels)

Coronary Arteries:

Coronary artery calcifications are a common incidental discovery that is noteworthy. The amount
of calcium, patient age, gender, and race are among the variables that affect coronary artery
disease risk. Higher coronary calcium levels raise the risk of cardiac events and death from
coronary artery disease, including heart attacks. Based on their unique risk factors and test
results, people who have the disease are assessed for risk, given medication, and encouraged to
adjust their lifestyles.

2.2.7 Neurological System

Meningiomas:

Meningiomas are benign tumors that develop from the dura mater covering the brain. While most
meningiomas are inconsequential, some can be big enough to enclose the brain. Meningiomas
can occasionally be cancerous and need to be surgically removed.

2.2.8 Cardiothoracic (Chest)

1. Lungs:

Pulmonary nodules are the most common incidental finding made in the chest, most of which are
benign.

2. Lymph Nodes:

13



In most cases, enlarged lymph nodes are a reaction to infection. They can, however, also be a sign
of malignancy (such as lymphoma or metastases from other cancers) or be connected to
inflammatory diseases like sarcoidosis.

3. Thyroid Glands:

Thyroid nodules can be benign or cancerous and can also be found on neck CT scans. All ages,
including young patients in good health, are susceptible to them. The size of the nodule and the
patient’s age determine whether further testing with a thyroid ultrasound is necessary.

4. Breasts:

Occasionally, incidental breast tumors are found and demand further examination using
diagnostic mammography. Early diagnosis is essential since incidental breast lesions are more
likely to be cancerous. Fortunately, screening mammography is effective in detecting most breast
cancers in their preliminary stages.

2.2.9 Abdomen and Pelvis

1. Kidneys:

Renal masses are frequently seen, and many patients have one or more renal cysts. Renal cysts
are benign tumors that frequently do not need to be treated right away. Non-contrast CT scans
can indicate the presence of potential cysts, but ultrasound confirmation is required to determine
that they are cysts and not malignant.

2. Liver:

Most liver lesions are benign cysts and hemangiomas. It is critical to establish the lesion is benign
because the liver is a common site for cancer spread.

3. Large Bowel:

Due to the presence of stool, which can reduce vision, conventional imaging frequently has
difficulties in examining the bowel. Nevertheless, it is possible to spot masses and polyps.

4. Ovaries:

Ovarian lesions are usually discovered incidentally and make up a sizable fraction of incidental
malignant tumors. Ovarian lesions are typically only partially assessed by CT scans, which

14



primarily consider their size. Small accidental cysts usually provide minor risks and can be ignored.
However, an ultrasound scan will be necessary for a more complete review of bigger lesions or
those that seem potentially solid.

5. Uterus and Cervix:

Uterine fibroids are a common occurrence, typically benign and insignificant, and are frequently
found by accident. On the other hand, cervical lesions can be seen directly visually with a
speculum exam and pap smear.

It is critical to remember that while these are some of the most frequently observed incidental
findings, the clinical importance and care strategy for each discovery can vary. Depending on the
specific patient’s circumstances and general health, additional diagnostic tests, specialist
consultations, or follow-up evaluations may be required to decide the best course of action.

2.3 The Frequency and Severity of Incidental Findings (IFs)

In this section, we analyze 12 articles found using literature research, showcasing the various
aspects of IFs. Lumbreras et al.s (2010) research helped find those 12 articles (Shown in Figure
3).

Those 12 articles were chosen because they cover all the aspects of IFs, as they show the type of
modality used, the types of IFs, the frequency of IFs discovered, and the severity of the IFs.

2.3.1 Search Strategy and Eligibility Criteria

The frequency of incidental findings in clinical practice in imaging diagnostics was the initial
criterion for papers to be included in the systematic review. Lumbreras et al.’s (2010) used “The
MEDLINE, EMBASE, and Cochrane Library Plus databases using exploded headings under the
terms: incidental finding, unexpected finding, clinical cascade, serendipity (by using the Boolean
operator OR), AND diagnostic imaging OR specific modalities such as computed tomography,
MR, ultrasound, etc.” to find the studies.

A tool named QUADAS (Quality Assessment of Diagnostic Accuracy Studies) was used to assess
the quality of the studies.

QUADAS consists of a group of fourteen elements presented as questions that can be answered
with a yes, no, or unclear (Whiting et al., 2003). Articles that fulfilled eight or more elements
were chosen, as they were considered applicable and relevant.

For inclusion and exclusion, first, potentially relevant abstracts were included. Second, studies
that were not original were excluded. Third, studies with imaging tests not carried out in clinical
practice were excluded. Fourth, languages other than English were excluded. Last, studies that
did not include the frequency of IFs were excluded. Twelve articles from the remaining studies
were chosen based on their informative conclusions.
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2.3.2 Review

In Figure 3, the review is shown, where column 1 (orange) shows each article’s author(s). Column
2 (yellow) shows the modality used to conduct the test. Column 3 (white) shows the types of IFs
detected. Column 4 (green) shows the frequency (percentage) of IFs. Column 5 (purple) shows
the severity of the findings.

Author(s) Modality Used Type of IF
Any focal
(Wang et al, 2007) PET/CT extrathyroidal
ang
accumulation of FDG
Cyst, masses,
(Paluska et al, 2007) (o7 calcifications, nodes,
embolism, thrombosis
Chest radiography, -
sl o d Non-calcified lung
(Vierikko et al, 2007) w:gnm 21“"' e
(Even-Sapir et al, 2006) PET/CT Malignancy
2 Intracranial abnormalities:
(Weber et al, 2006) MRI tumours, arachnoid cysts,
vascular iti
S - New primary
(ishimori et l, 2005) RETST malignant lesions
5 Chest Moderate to severe
(Mejumdar et al, 2005) radiography vertebral fractures
(Kang et al, 2004) Ultrasound Thyroid nodules
Ultrasound, MRI Pancreatic
(Fitzgerald et al, 2003) and CT b
(Brown et al, 2001) MRI Focal enhancing
lesions on breast
R Hiatal hernia, renal cysts, fatty
(Messersmith et al, 2001) Abdominal CT liver, small pericardial effusion,
ovarian mass, hepatic mass
| Whole body Extrathoracic
(Wedceatal H60) FDG-PET metastases

Figure 3 Literature review

2.3.3 Findings

From the analysis of the 12 articles in Figure 3, we derive three conclusions.

1. CTis the modality with the most IFs.
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2. Most PET/CT tests are used to look for metastases.
3. In most cases, IFs are not clinically significant.

2.4 Conclusion

This chapter discussed the leading causes of IFs in Radiology. First (Section 2.1), we showed the
process of detecting IFs in radiology, which involves several steps, including image acquisition,
image review, systematic examination, identification of imaging characteristics, communication
of findings, and follow-up and management. Second (Section 2.2), we highlighted the various
types of abnormalities or lesions when an IF is detected, such as atherosclerotic plaque,
calcifications, cysts, lymph nodes, tumors, circulatory system issues, neurological system findings,
cardiothoracic abnormalities, abdominal and pelvic discoveries. Last (Section 2.3), we showed the
frequency and severity of IFs, which have been studied through an analysis of 12 articles, which
revealed that CT scans result in the most IFs, PET/CT tests are often used to detect metastases,
and most IFs are not clinically significant.
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3 The Impact of Incidental Findings (IFs) on Radiology

This chapter discusses two topics, the common follow-up tests of IFs (Section 3.1) and the costs
of IFs (Section 3.2). Knowing the standard follow-up tests of IFs and the costs of IFs will result in
having a more precise understanding of IFs and therefore helps with the aims of the research. In
Section 3.3, we conclude the findings of this chapter.

3.1 Common Follow-Up Tests of Incidental Findings (IFs)

In this section, we showcase some of the follow-up tests for BC, Lung Nodules, Kidney Mass, Liver
Lesions, and Thyroid Nodules.

The reason we chose those specific types of IFs follow-up tests is because of their high incidental
rate.

3.1.1 Follow-up Tests for Breast Cancer (BC)

Diagnostic imaging: To further assess breast abnormalities, diagnostic imaging methods like
mammography, ultrasound, PET scans, and MRI are frequently used. These imaging techniques
can give precise information like the size, location, and features of the lesion. This can be used to
identify the finding’s nature and determine whether to conduct further tests. (Le-Petross &
Shetty, 2011)

Biopsy: A biopsy could be advised to collect tissue for some investigations. A biopsy can then
diagnose the difference between benign and malignant tumors (Aaronson et al., 2019).

Tumor marker testing: When patients with BC are being followed up on, tumor marker testing
may be used to track the disease’s progression and treatment response (Chu & Ryu, 2016).

3.1.2 Follow-up Tests for Lung Nodules

PET scan: A PET scan may be advised to evaluate the incidental nodule’s metabolic activity (Farjah
et al., 2021).

Biopsy or tissue sampling: Same reason as mentioned 3.1.1
3.1.3 Follow-up Tests for Kidney Mass

Cross-sectional imaging: Cross-sectional imaging techniques such as CT scans and MRIs are used
to evaluate kidney masses. These modalities can give information about the size, location, and

18



characteristics of the mass, helping to differentiate between benign and malignant lesions
(Silverman et al., 2008).

Biopsy: Same reason as mentioned in 3.1.1

Laboratory tests: Laboratory tests, including blood tests and urinary cytology, may be performed
to assess kidney function.

Genetic testing: Treatment decisions can be guided by genetic testing, which can help identify
gene mutations linked to kidney cancer.

3.1.4 Follow-up Tests for Liver Lesion

Contrast-enhanced CT scan: Liver lesions on a normal CT typically are not apparent, and therefore
contrast is needed to increase the conspicuity of lesions. (Baron, 2006)

MRI: MRI is another imaging modality that can be used to further evaluate liver lesions (Fowler
et al., 2011).

Biopsy: Same reason as mentioned in 3.1.1
3.1.5 Follow-up Tests for Thyroid Nodules

Ultrasonography: One of the main imaging techniques used to assess thyroid nodules is
ultrasonography. It gives specific details regarding the nodule's features. (Kang et al., 2004)

Thyroid function tests: Thyroid hormone and thyroid-stimulating hormone laboratory tests
(Gregory et al., 2018).

Imaging modalities: Additional imaging modalities such as computed tomography CT, MRI, or PET
may be recommended to further evaluate the nodules (Roseland et al., 2022).

3.2 Incidental Findings (IFs) Costs

In this section, we showcase the costs of IFs by examining their impact on:

1. Patients
2. Medical Staff
3. Capacity & Finance
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3.2.1

Impact on Patients

IFs in radiology can have negative impacts on patients. Some of the potential negative effects
include:

3.2.2

Increased anxiety and psychological stress: IFs are always findings that are not expected
for both the patient and the radiologist, therefore, when a patient learns about this new
finding he/she may encounter a lot of anxiety and psychological stress (Schmidt et al.,
2012; Booth et al., 2010).

Financial burdens: Additional examinations, intervention, treatment, leaving work, and
traveling lead to additional spending, which may be a burden to the patient.
Overdiagnosis and/or Overtreatment: IFs may occasionally lead to overdiagnosis, resulting
in unnecessary treatments and interventions (O’Sullivan et al., 2018).

Quality of life: The need to be actively visiting the hospital for follow-up and checks will
disrupt daily activities, cause physical discomfort, or result in limitations on personal and
professional life.

Personel challenges: When a patient is informed about an IF, he/she will face a decision-
making challenge on what to do next.

Delay of the start of treatment: A patient might delay a treatment procedure due to a
detection of an IF.

Impact on Medical Staff

The impact of incidental findings on medical staff (radiologists and surgeons) can be significant
and multifaceted. In this subsection, we display 4 of those effects.

3.2.3

Increased workload: IFs most of the time lead to additional tests, therefore, more
workload on radiologists.

Ethical dilemmas: When encountering an IF, medical staff are likely to face ethical and
legal dilemmas, as the decisions of how to proceed are up to them (Sarker, 2020).

Stress and Emotions: When IFs are discovered, especially when they are significant,
medical staff have to cope with the reactions of the patients which can be challenging
Medico-legal concerns: The responsibility to identify and communicate significant IFs
accurately is up to the medical staff, as a result, failure to do so can result in legal
consequences (Sarker, 2020).

Impact on Capacity and Finance

The monetary costs and capacity of medical care can be significantly impacted by IFs in radiology.
In this sub-section, we explain how IFs impact capacity and finance.
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Booth and Boyd-Ellison’s (2015) research show how IFs influence the costs by radiologists into 5
categories:

1. Researching the finding

Research any evidence-based management

3. Going into meetings with relevant personnel to discuss the abnormalities and further
costs

4. Further imaging

5. Further consultations

N

Each category has either a direct or non-direct effect on the time and availability of the medical
staff, resources, and facilities, therefore, has an impact on capacity and costs.

3.3 Conclusion

This chapter focused on the impact of IFs on radiology. It covered two main topics, the common
follow-up tests (Section 3.1) for IFs and the costs associated with IFs (Section 3.2).

Section 3.1 explored standard follow-up tests for breast abnormalities, lung nodules, kidney
masses, liver lesions, and thyroid nodules. We chose those specific types of IFs because of their
high incidental rate. Follow-up tests included diagnostic methods such as mammography,
ultrasound, MRI, PET scans, biopsy or tissue sampling, tumor marker testing, genetic testing, and
laboratory tests.

Section 3.2 examined the costs of IFs by exploring their impact on patients, medical staff, and
capacity and finance. The adverse effects on patients included increased anxiety and
psychological stress, financial burdens, overdiagnosis and overtreatment, disruption of daily
activities, and decision-making challenges. The impact on medical staff involved increased
workload, ethical dilemmas, stress and emotions, and medico-legal concerns. Regarding capacity
and finance, IFs lead to additional costs in researching the findings, evidence-based management,
meetings with relevant personnel, further imaging, and consultations. These costs affect the time,
availability of medical staff, and the resources and facilities needed, ultimately impacting medical
care’s capacity and financial aspects.
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4 Minimizing the impact of Incidental Findings (IFs)

IFs have the potential to lead to early detection and improved patient outcomes. Nevertheless,
IFs can also negatively impact patients, radiologists, and the healthcare system.

The upcoming three sections highlight three strategies that can minimize the negative impacts of
IFs. Section 4.1 shows the American College of Radiology (ACR) project. Section 4.2 shows a
natural language processing (NLP) algorithm. Section 4.3 shows some simple strategies that can
influence the detection frequency of IFs. The last section (4.4) concludes the findings of this
chapter.

4.1 American College of Radiology (ACR) Project

Mayo-Smith’s et al. (2017) ACR project has 4 core objectives:

1. “Develop consensus on patient characteristics and imaging features that are required to
characterize an incidental finding.

2. Provide guidance to manage such findings in ways that balance the risks and benefits
to patients.

3. Recommend reporting terms that reflect the level of confidence regarding a finding.

4. Focus future research by proposing a generalizable management framework across
practice settings.”

Figure 4 is a flowchart of an example of a guideline that radiologists can use to deal with a specific
type of IF (Adrenal Mass).

Each box color gives a specific sort of explanation:

1. Yellow: Clinical data (Features and Size)
2. Green: Advice on what to do next (Sort of imaging, Biopsy)
3. Red: No follow-up needed (Finding is benign)
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Figure 4 (Mayo-Smith et al., 2017)
Such a project or guideline could be very helpful and can help mitigate the impacts of IFs.

4.2 Natural Language Processing Algorithm

A natural language processing (NLP) algorithm is a technique (used for several reasons) that gives
suggestions based on its intake. Such an algorithm is used by various organizations to mitigate
the impact of IFs (Dutta et al., 2013; Trivedi et al., 2019).
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Trivedi et al. (2019) use an NLP pipeline that splits the notes given by a radiologist into sections
and sentences, which are then transferred into elements. Those elements are then binary
classified and examined by physicians for incidental findings. To make sure that the algorithm is
as accurate as possible, there are three procedures highlighted by Trivedi et al. (2019) that are
considered an interactive learning cycle:

1. When possible, the user interface should explain to users why a sentence was predicted
to describe an incidental finding and emphasize those sentences that the NLP model
indicated as being significant.

2. Sentences that ought to have been highlighted but weren’t by the NLP model should be
selectable by users. Likewise, they ought to be able to eliminate inaccurate highlights.

3. To make it easier for users to grasp changes between model revisions, user feedback is
presented as a list of additions and deletions.

There are also three main challenges for the NLP to be applied. First, applying such a tool will
require a lot of capital to use such a program (especially in big organizations like the LUMC).
Second, the algorithm will take much time to apply (due to its long learning procedure and
application). Third, different physicians will have different notions of what an IF is, therefore,
making the algorithm’s task more difficult.

The use of the NLP tool, based on application in different organizations, will decrease the time
and effort undergone by radiologists to identify IFs and will increase the chance of successfully
identifying IFs.

4.3  Strategies that Influence the Detection Rate of IFs

Koplin et al. (2020), give two strategies that can either increase or decrease the frequency of IFs
found. Those strategies can be found in Table 2.

Strategies to increase the detection of | e Instruct researchers who carry out scans to
incidental findings systematically check for incidental findings.

e Explicitly train research-based radiographers
to identify and flag (at least some categories
of) incidental findings.

e Subject all research scans to be reviewed by
a qualified radiologist, which may require
researchers to obtain diagnostic-quality scans
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alongside  research images even if
unnecessary to achieve the aims of the study.

Strategies to decrease the detection of
incidental findings

® Discourage researchers and research-based
radiographers from looking for or speculating

on incidental findings irrelevant to the
research questions.

® Reduce the image field of view to only those
areas relevant to the research.

Table 2 (Koplin et al., 2020)

These strategies may be true and indeed result in decreasing the rates of IFs, however, they are
not scientifically or medically proven to be reliable.

4.4  Conclusion

This chapter discussed strategies to minimize the negative impacts of IFs in radiology, as IFs can
adversely affect patients, radiologists, and the healthcare system.

Section 4.1 highlighted the ACR project, led by Mayo-Smith et al. (2017), which offered guidelines,
such as a flowchart for dealing with specific types of IFs, to assist radiologists in managing
incidental findings effectively.

Section 4.2 showed another approach, which is the use of NLP algorithms. This approach aims to
reduce the time and effort required by radiologists to detect IFs and improve the likelihood of
successful identification.

Section 4.3 presented straightforward targeted detection strategies by Koplin et al. (2020) that
can influence the detection rate of IFs.

Implementing strategies such as the ACR project, NLP algorithms, and targeted detection
strategies may help minimize the negative impacts of incidental findings and improve the
management of IFs in radiology.

25



5 Incidental Findings (IFs) and Breast Cancer (BC)

In this chapter (instead of focusing on all types of diseases and patients, we specifically focus on
BC and IFs and how they influence each other.

First (Section 5.1), we discuss the reason behind the selection of BC for the data analysis. Second
(Section 5.2), we illustrate how IFs impact BC. Third (Section 5.3), we show the most common IFs
based on the imaging modalities. Last (Section 5.4), we conclude the outcomes of this chapter.

5.1 Reasons why Breast Cancer (BC) was chosen for the Data Analysis

1. Theirincreasing rate in the past 33 years, as shown in Figure 5
2. As a proof of concept for this research.
3. lts significant impact on IFs (section 5.2)
4. The time constraint, limits further analysis of other types of patients.
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Figure 5 (Incidence by year, https://nkr-ciifers.iknl.nl/#/viewer/bf2a9265-9b76-431b-8d89-9988076057af )
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5.2 Impact of Incidental Findings (IFs) on Breast Cancer (BC)

IFs of BC patients can have a huge impact on radiology, as it may lead to additional testing,
interventions, and follow-ups, resulting in increased costs for patients and healthcare.

In this section, we first show how IFs of BC impact patients, and second we show how it impacts
the healthcare system.

5.2.1 Impact on Patients

1. Increased testing: IFs will always lead to further diagnostics, as a result, a patient will have
to conduct more tests and spend more time.

2. Psychological impact: IFs in BC patients can cause anxiety and worry about the possibility
of having additional diseases or metastases (French et al., 2018).

3. Economic burden: Due to additional evaluations, interventions, and follow-ups the
patient may have to spend additional money. Moreover, a patient may have to leave his
work and travel more which will impact his finances

5.2.2 Impact on The Healthcare System

Capacity: The increased number of testing, because of an IF, will lead to more time spent by the
medical staff and less availability of resources such as imaging modalities (especially
mammograms as they focus only on BC), equipment, and facilities. This would result in more
implications:
1. Higher costs: Due to additional testing and more time spent by medical staff.
2. Waiting time and delays: To accommodate and evaluate IFs, waiting times will increase as
healthcare facilities strive to accommodate the increased demand for services.
3. Workflow and efficiency: Radiologists and oncologists may disrupt their workflow as they
encounter an IF as it was probably not in their initial plans

5.3 Incidental Findings (IFs) of Breast Cancer (BC) and Imaging Modalities

Based on the interviews conducted at the LUMC and research studies we specifically chose PET
scans, as they are common with BC and lead to many IFs.

5.3.1 Common IFs for PET Scans

When doing PET Scans for BC patients, the 3 parts of the body with the highest chance of
detecting an IF are:

1. Thyroids (Adams et al., 2018; Beatty et al., 2009; Liefers, 2023).
2. Lungs (Adams et al., 2018; Beatty et al., 2009).
3. Abdomen (Adams et al., 2018; Beatty et al., 2009).
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5.4 Conclusion

This chapter focuses specifically on BC and IFs and explores their influence on each other. Unlike
Chapter 2, 3, and 4, which discusses all types of patents, this chapter provides an in-depth analysis
of BC patients.

Section 5.1 showed the reasons for choosing BC for the data analysis. The reasons are the
increasing rate of BC incidence, serving as a proof of concept for the research, the significant
impact of Ifs on BC patients, and time constraints that limit the analysis of other patient types.

Section 5.2 emphasizes the consequences for both patients and the healthcare system. Regarding
patients, IFs in BC can lead to increased testing, which leads to psychological distress and
economic burdens. For the healthcare system, the increased number of tests and the time spent
on IFs result in reduced capacity, higher costs, and longer waiting times.

This chapter also delves into the relationship between IFs and imaging modalities (Section 5.3).
Specifically, PET scans are examined due to their relevance between BC and IFs. The most
common IFs detected in PET scans are in the thyroid, lungs, and abdomen.
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6 Analysis

In this chapter, we show the data analysis done using the data given by the LUMC to search for
patterns that indicate the presence of an IF in BC patients. The data contained x imaging tests for
y patients.

Section 6.1 shows how the decision tree was made. Section 6.2 shows how the data was
approached, which is visualized using a decision tree (Figure 6 ). Section 6.3 shows how the
analysis was conducted using Tableau (Software used for data analysis). Section 6.4 contains the
findings and the visualization that is derived from the data analysis. Section 6.5 covers the
validation and verification aspects of the findings. Section 6.6 shows the conclusions of this
chapter.

6.1 Decision Tree

The decision tree (Figure 6 ) was inspired by Fan et al. (2011) and Yu et al. (2010) decision trees,
as they had the same focus (medical data) and/or explained their application. However,
compared to their decision trees, our tree was much more simple.

In Table 33, we show the 5 variables used.

Number Variable Type Value

1 Data Relation Categorical Yes/No

2 Modalities Relation Categorical Yes/No

3 Yearly Relation Categorical Yes/No

4 Monthly Relation Categorical Yes/No

5 Radiologists Report Numerical [0%,100%)]
Relation

Table 3 (Model inputs)

Variable 1 was used to determine if there was a relation between the data to be able to derive
conclusions from the data. Variable 2 was to confirm if there was a relation between modalities
to look for trend relations. Variable 3 was the first indicator to look for trend relations. Variable
4 was used to confirm if the yearly relations were still valid. Variable 5 was the only numerical
variable that was used to examine how much of the relation between the modalities was due to
IFs.
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Figure 6 Decision Tree

6.2 Data Approach
In this section, we discuss how the data was approached in 5 steps.

e Step 1: Data preprocessing, to be able to make relations and derivations between the
data to start with the analysis.

e Step 2: Look for relations between the types of imaging modalities based on research
and conducted interviews

e Step 3: Conduct a yearly analysis of the data to confirm the relations found in Step 2

e Step 4: Get more in-depth to validate the relations found in Step 3

e Step 5: Verify how many of the relations (as a percentage) were due to IFs based on
radiologists’ reports.

6.2.1 Step 1: Data Preprocessing

6.2.1.1 Methods and Prospects

Data preprocessing is a significant and crucial step whose main objective is to provide final data
sets that may be regarded as accurate and helpful for additional data mining techniques (Garcia
et al., 2016).
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The techniques used before the application of the data analysis and mining are known as data
preprocessing. Given that the data will certainly have some problems it will not be suitable to
start with data analysis and mining.

In our approach to solving the issues faced with the imperfect data, we used two methods
mentioned by Garcia et al. (2016), which are missing values imputation and noise treatment.

The missing value imputation is focused on handling and filling in missing values that are crucial
in the data analysis. Luengo et al. (2011) give various approaches to fill missing values, however,
our approach is similar to the approach known as imputation of missing values by class of
procedures. The procedure we use is based on identifying relationships between attributes to
determine missing values.

The noise treatment is focused on resolving the issues faced due to noise data. Noise data can
be the input and/or output data used in the analysis process. Therefore noise treatment is used
to mitigate the impact of noise data (Garcia et al., 2016). The approach used is known as noise
filters, where we removed the null values and data that were not relevant to our research.

6.2.1.2 Data Cleaning and Sorting (Confidential)

6.2.2 Step 2: Relations of Imaging Modalities

Based on some articles studied and the research in section 5.3, imaging modalities that had a
relation between them due to an IF were gathered to start with the yearly analysis (step 3).

6.2.3 Step 3: Yearly Analysis

Based on the relations gathered in step 2, a meta-analysis was conducted on all BC patients from
2017 to 2021/2022 (depending on data availability) to find yearly relations between the imaging
modalities.

6.2.4 Step 4: Monthly Analysis

In the case that a relationship was found in step 3, a more in-depth analysis was conducted. This
analysis was to look for monthly relations instead of yearly relations to confirm if they were
indeed related. (Note: there still might be a monthly relation if there was no yearly relation,
however, we only look for relations that contain both relations as it has a higher chance of IFs)

6.2.5 Step 5: Verifying the relations

If there was a relationship in step 4, conclusions from the radiologists about 20 patients who
conducted both imaging modalities were analyzed to see how much of an impact IFs have on this
correlation.

6.3 Approaching Tableau

There were 3 steps to approach Tableau:
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1. Upload the Excel file as a database in the software.

2. Add the patient numbers, the modalities, and the dates of incidence.
3. Highlight the modalities which were chosen in section 5.3.

Appendix B shows each of these steps.

6.4 Findings (Confidential)

6.5 Validation and Verification (Confidential)

6.6 Conclusion (Confidential)

7 Conclusion and Discussion

In this research, the objective was to know how significant the impact of IFs is on radiology. First,
we showed the impact of IFs and how specifically they impact radiology. Second, we proposed
solutions to mitigate the impact of IFs. Last, we covered the relations between BC and IFs and
then examined BC patients in the LUMC, showing how IFs influence the rate of Imaging tests.

In the following sections, we discuss this research's scientific and practical values, followed by the
limitations and the possibilities of further research.

Value for Science

The scientific community benefits in several ways from this research. First, it pushes the
boundaries of knowledge concerning IFs by providing fresh perspectives and analyzing published
materials and data. Second, it offers a methodological contribution and data analysis techniques
that enable others to expand upon or duplicate the employed procedures. Third, it enables the
dissemination of findings because the majority of this study will be made publicly accessible,
enabling further scholars to access, reference, and expand on the work.

Value for Practice

In two key areas, this research offers valuable additions to the practice. First, it provides useful
information, ideas, and suggestions that are immediately applicable to the LUMC. These
conclusions and strategies are the results of careful research and analysis, which guarantees their
application to actual situations. Practitioners at LUMC can improve their procedures, boost
patient outcomes, and maximize resource use by putting the research's suggestions into practice.
Second, by providing practitioners with guidance based on a strong foundation of research
evidence, this study helps them make decisions, create useful policies, and implement essential
reforms. Practitioners can design their tactics and judgments by relying on the study's results and
conclusions.
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Limitations

In this research there were some limitations faced, we first introduce those limitations in this
section, and then we discuss how to overcome them in the following section.

The first limitation is that the data analysis conducted was only for BC patients. This limitation
means that conclusions about IFs are only regarding BC patients. This restricts us from knowing
the overall influence of IFs on the LUMC; therefore, we can not quantify how much IFs impact
the costs of the LUMC in total.

The second limitation has to do with the making of the decision tree, although the decision tree
covers all the steps conducted, it is still limited to the data set we acquired, therefore, this is not
a general decision tree that can be applied to all data sets regarding IFs in the LUMC.
Additionally, the process of building the decision tree does contain detailed steps and metrics,
which makes it more difficult to apply further advancements to it.

The third limitation is the procedures used to conduct the data analysis. The approach used to
conduct the data analysis focuses on four aspects :

1. Relations between modalities.

2. Yearly relations between modalities.

3. Monthly relations between modalities.

4. Relations due to IFs between modalities based on radiology reports.

This limitation is mainly due to the second aspect, where we use yearly relations as the start for
the data analysis, and we do not conduct further analysis if there were no yearly relations. The
problem is that there still might be a monthly relation and/or a relation due to IFs even if there
were not any yearly relations. This also applies to the third aspect, that there might be a relation
due to IFs even if there were no monthly relation.

Further Research and Recommendations
This research has a significant potential to develop further and become a basis for future analysis
and studies.

The first way to develop this research is to address its limitations.

To overcome the first limitation, future analysts and researchers can examine the whole
population of radiology instead of BC patients only. The examination of the whole population
would be more costly, however, it would give a more precise grasp to the LUMC about how
significant the impact of IFs is on the radiology department.

For the second limitation, it is advised that future analysts and researchers base their decision
tree on a broader scale that can be applied to the data sets given by the LUMC, and elaborately
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explain the process of making the steps and metrics of the decision tree. The improved decision
tree would be more applicable to different types of data sets.

The third limitation can be addressed by directly looking into radiology reports instead of looking
for yearly and monthly relations, which would be much more time-consuming and require more
medical experts, however, it will deliver more detailed information about the impact of IFs.

To further develop this research a diversified type of researchers is advised, including data
analysts, people with medical backgrounds, and people impacted by IFs. Such diversity will allow
future research to reach its maximum potential and deliver more accurate and reliable results.

We also recommend the LUMC to go with a strategy like the NLP algorithm. This recommendation
is advised because of three reasons:

1. This approach is already utilized and proven to be effective in various organizations.
2. Artificial intelligence is drastically improving and widely used.
3. LUMC has the expertise and financial capabilities to apply such an approach.
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