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Diagnostic uncertainties in medical imaging  
Analysing, acknowledging and handling uncertainties in the diagnostic process  

Bjørn Hofmann (NTNU and UiO) and Kristin Bakke Lysdahl (USN) 

 

Abstract  
Diagnostics is a crucial tool in health care’s endeavours to help people, and tremendous progress has 
been made in the field. Nonetheless, there are a wide range of uncertainties involved in all aspects of 
diagnostics – uncertainties that are important for scientific improvement, for quality of care, for 
practicing medicine, for informing patients, and for health policy making. In this chapter we analyse a 
wide range of uncertainties presenting in the various steps of diagnostic imaging. For each step we 
describe the main concern and suggest measures to reduce and handle the various kinds of 
uncertainty. Overall, we provide 9 specific measures to reduce uncertainty in the diagnostic process. 
Moreover, we analyse ethical issues related to the various types of uncertainty presenting at each 
step and end the chapter with five specific questions framed to raise the awareness of uncertainty in 
diagnostic imaging, as well as to reduce and to handle it. Thereby we hope that this chapter will 
provide practical measures to acknowledge and address diagnostic uncertainty. 

 

Introduction 
Diagnoses are crucial tools in order to help people with their existing or future suffering. However, 
diagnostics is not certain. There are many types of diagnostic errors (Balogh et al. 2015), which have 
many sources and causes (Pinto and Brunese 2010), and a wide range of consequences (Norman and 
Eva 2010; Singh et al. 2017).  

Defining and measuring diagnostic error is challenging (Zwaan and Singh 2015; Hansson 2009). One 
crucial source of diagnostic error is diagnostic uncertainty. Therefore, this chapter will analyse and 
discuss various forms of uncertainty in diagnostics, their epistemic and ethical challenges. Identifying 
diagnostic uncertainties is a first step in increasing awareness of diagnostic fallibility and to improve 
the quality of care and the health of individuals and populations in the long run. Moreover, we need 
practical advice to how to address them. Accordingly, we will provide five key questions and nine 
specific measures to address and handle the various types of uncertainties. 

Types of uncertainty in the diagnostic process  
There are many ways to classify and study uncertainty in the sciences in general (Halpern 2017; 
Hansson 2016) and in the health sciences in particular (Hatch 2017). In this chapter we will follow the 
diagnostic process in clinical practice to illustrate the various types of diagnostic uncertainty. Table 1 
provides an overview over the various steps in the ordinary diagnostic process in radiology, the main 
concern with each step, the corresponding issues with respect to uncertainty, and the relevant 
measures to reduce uncertainty. 
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Table 1  Uncertainties, main concerns, and relevant measures to reduce uncertainty related to the various steps of the diagnostic process. Some of the 
uncertain issues identified at one step are also relevant for the subsequent steps. 

Steps  Main concern  Related uncertainty issues Measures to reduce uncertainty 

1. First 
encounter 
between 
patient and 
clinician 

Appropriateness 
of referring  

• Uncertainty about the benefits and risks involved in specific diagnostic examinations 
• Uncertainty about the existence and relevance of referral guidelines 
• Clinicians uncertainty of skills in clinical examinations 
• Unclear involvement of the patient in the decision-making process (patient autonomy, 

shared decision making) 

• Education and training of 
professionals 

2. The referral is 
received in the 
radiology 
department 

Appropriateness 
of accepting test 
requests  

• Uncertainty related to unclear or missing information in the referral 
• Unclear who is responsibility for vetting of the referral and justification of the 

examination 
• Radiologists and radiographers may be uncertain about the existence or relevance of 

referral guidelines 
• Uncertain pathways for communication with referring physician 

• Improve communication between 
referrer and performer. 

• Clarify responsibility. 
• Train professionals. 

3. The 
examination is 
planned and 
carried out 

Appropriateness 
of test methods  

• Uncertainty of choice of imaging modality and procedure 
• Unclear what responsibility the radiographer or radiologist has to supplement/correct 

referral information 
• Unclear if patients informed consent can or should be obtained 

• Education and training of 
professionals. 

• Clarify responsibilities. 

4. Review of 
image quality  

Sufficiency of 
image quality  

• Uncertainty whether retakes are needed, due to variation in perception of image quality 
• Uncertainty about applicable post processing  

• Education and training of 
professionals. 

5. 
Interpretation 
of the images 

Accuracy of 
diagnostic 
findings 

• Uncertainty of the accuracy of the examination (sensitivity, specificity) 
• Uncertainty about the meaning of abnormalities, e.g., if very small abnormalities 

represent pathology (indeterminacy) 
• Uncertainty about pre-test probability and prevalence, and hence about the predictive 

value of a test result 
• Prognostic uncertainty (will it matter?) 
• Uncertainty due to intra-observer and inter-observer variability.  

• Improving test quality 
• Improve interpreter skills 
• Clarify disease definitions 
• Restrict testing with low pre-test 

probability 
• Increase knowledge about disease 

progression 
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6. Writhing the 
radiology report  

Relevance of 
findings to report  

• Uncertainty of the clinical relevance of incidental finding 
• Unclear if this relevance should be determined by the radiologist or the clinical referrer 

• Increase knowledge about disease 
progression 

• Personalize medicine 
• Clarify responsibility 
• Align objectives of referrer and 

executor of the examination 

7. Providing and 
communicating 
the results to 
the patient 

Appropriateness 
of communicating 
the findings  

• Unclear if informing the patient is a task for the referring physician or the radiologist 
(and in some cases radiographer)? 

• Uncertainty about what “findings” to include in the information, all vs. those of clinical 
relevance 

• Deciding what is “clinical relevance” 

• Patient autonomy, informed 
consent 

• Shared decision-making 
• Professional autonomy and 

integrity 
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1. Uncertainties in referring 
In the first encounter, the health professional may be uncertain whether the patient has a disease, 
what disease the patient may have, and which diagnostic test would be appropriate. Moreover, 
patients and clinicians may be unaware of benefits and risks involved in specific diagnostic 
examinations (Hollingsworth et al 2019). Clinicians may also be uncertain of the existence and 
relevance of referral guidelines (Greenhalgh 2013). Additionally, clinicians may be uncertainty of 
their own skills in clinical examinations (Espeland and Baerheim 2003, Morgan, Jenkins, and Ridsdale 
2007), and thus refer to radiological examinations more often than relevant. There may also be 
uncertainty with respect to patient involvement in the diagnostic decision-making process, relating 
patient autonomy and shared decision making (Rogers 1919).   

Hence, in the context of the initial encounter between health professional and patient the diagnostic 
uncertainty is related to disease status, relevance and justification of a specific examination, and 
related to the diagnostic skills of the referring health professional. The main measure to reduce the 
uncertainties of this part of the diagnostic process is to educate and train professionals. 

2.  Uncertainties in accepting test requests 
The process of assessing the referral and deciding on what to do is subject to several types of 
uncertainty. First, there is uncertainty related to unclear or missing information in the referral 
(Davendralingam et al. 2017, Matthews and Brennan 2008). Second, it may be unclear who is 
responsible for vetting of the referral and for assessing justification of the examination (Vom and 
Williams 2017). Third, radiologists and radiographers may be uncertain about the existence or 
relevance of referral guidelines (Greenhalgh 2013). Fourth, there may be uncertain pathways for 
communication with the referring professional (Lysdahl, Hofmann, and Espeland 2010). All these 
aspects may result in diagnostic uncertainty with respect to whether to make an examination and (in 
case) which examination to make.  

The main measures to reduce the uncertainty related to referral assessment is to improve 
communication between referrer and performer, clarify responsibility, and train professionals. 

3. Uncertainties in testing methods (finding the right examination) 
When it is decided that an examination is warranted, the next decision is on the right examination, 
e.g., the imaging modality and procedure (Djulbegovic, Hozo, and Greenland 2011). This decision 
may be hampered by uncertainty of the effectiveness and efficiency of a specific modality for this 
particular patient. The responsibility of the radiologists and radiographer  with respect to 
supplementing/correcting referral information may also be unclear (Egan 2003), and it may be 
unclear if patient’s informed consent can or should be obtained(Berlin 2014). To reduce these 
uncertainties, increase the quality of the imaging services, and the ethical standards, education and 
training of professionals is a crucial measure as is clarifying the responsibility of professionals.  

4. Uncertainties about image quality  
Prior to diagnosing, there may be uncertainty with respect to whether the image or examination 
quality is good enough for the task. There may for example be questions about whether retakes are 
needed due to image quality or variation in perception of image quality. Retake rates are surprisingly 
high (Andersen et al. 2012; Waaler and Hofmann 2010; Hofmann et al. 2015), illustrating that this is a 
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real problem. Correspondingly, there may be uncertainty about whether and what post processing is 
applicable (Decoster, Mol, and Smits 2015).  

Education and training of professionals are appropriate measures to reduce such uncertainties. 

5. Uncertainty about diagnostic findings 
Once the examination is carried out, and its quality is found acceptable, a wide range of uncertainties 
emerge. There is uncertainty with respect to the meaning of findings, e.g., whether very small 
abnormalities represent pathology. This is a matter of how findings are defined, i.e., a conceptual 
type of uncertainty also called indeterminacy (Wynne 1992). This is an uncertainty about how to 
define disease (Djulbegovic, Hozo, and Greenland 2011) and about using vague concepts in the 
description of the findings (Korsbrekke 2000).  

Then there is uncertainty with respect to the accuracy of the examination (sensitivity, specificity), 
also called diagnostic accuracy efficacy (Fryback and Thornbury 1991). This is a question of whether 
the test can find abnormalities that could be found by other means (gold standard). However, even 
when diagnostic accuracy is known there may be uncertainty about pre-test probability and 
prevalence, making the predictive values of a test result uncertain. Hence, we do not know whether 
a positive test actually means that a patient has the disease (positive predictive value) or whether a 
negative test means that the person does not have the disease (negative predictive value).  

However, even if the test is accurate and the test correctly identifies an underlying condition, it is not 
clear that this will influence the health of a person. That is, we do not know whether what we 
correctly find will matter in terms of causing pain and suffering. For example, if we correctly identify 
a precursor of disease, it is not clear that this will develop into symptoms, manifest disease, 
suffering, and eventually death if not detected and treated. This problem is frequently recognized as 
overdiagnosis (Hofmann 2014). This type of uncertainty occurs in the relationship between 
indicators, precursors, risk factors, disease manifestations, suffering, and death. It occurs because we 
do not know how these factors develop. This type of uncertainty is called prognostic uncertainty 
because it is temporal, and it results in overdiagnosis (Hofmann 2019a; Hofmann 2019b; Hofmann 
2017).  

Prognostic uncertainty may have two components, development uncertainty and progression 
uncertainty. Progression uncertainty occurs because we do not know whether the condition which 
we (correctly) identify in terms of signs and symptoms actually develops to manifest disease and/or 
death (if not detected and treated). Development uncertainty occurs because we do not know 
whether the risk factors, predictors, and precursors that we identify develop into signs and 
symptoms, manifest disease, and suffering. Figure 1 gives an overview of these kinds of uncertainty. 
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Figure 1 The relationship between progression uncertainty and development uncertainty. 
Adopted from (Hofmann 2019a) 

 

As the uncertainties with respect to diagnostic findings are diverse, so are the measures to reduce 
them. First and foremost, we should clarify disease definitions (Pandharipande et al. 2016), i.e., 
reduce indeterminacy. Then we should improve test quality and interpreter skills. Additionally, we 
should restrict testing with low pre-test probability and increase knowledge about disease 
progression. Then it is crucial to align interpreters’ performance to reduce intra-observer and inter-
observer variability (Korsbrekke 2000).  

6. Reporting uncertainty 
When the diagnosis is made, we still face with uncertainty with respect to how much and how the 
findings should be reported. First, there is uncertainty of the clinical relevance of certain findings, 
such as incidental findings (Rosenkrantz 2017; Brown 2013) or whether the findings will make any 
difference in subsequent diagnostics and treatment (Djulbegovic, Hozo, and Greenland 2011). Then, 
it is unclear who should determine the relevance of a finding, i.e., if this relevance should be 
determined by the radiologist or the clinical referrer. It is a challenge for the radiologist to 
communicate the various types of uncertainties to the referring physician in the radiology report 
(Bruno, Petscavage-Thomas, and Abujudeh 2017). 

In order to reduce reporting uncertainty, we need to increase knowledge about disease progression 
(in order to reduce the uncertainty related to findings, such as incidental findings) and to increase 
knowledge about disease progression, i.e., to personalize medicine. To reduce reporting vagueness, 
it is important to align reporting language (Korsbrekke 2000). Moreover, it is important to align the 
objective of the examination of the referrer and the radiologist (e.g., where they are on the Receiver 
Operator Characteristic (ROC) curve. 

7. Communication uncertainty 
There are several types of uncertainties related to providing and communicating results to the 
patient. First, it can be unclear if informing the patient is a task for the referring physician or the 
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radiologist (and in some cases radiographer). Second, there may be uncertainty about what 
“findings” to include in the information, all vs. those of clinical relevance, for example how much to 
inform patients about incidental findings (Phillips et al. 2015; Kang et al. 2016). Third, there is 
uncertainty in deciding what is “clinical relevance,” i.e., what is important. This is a type of 
indeterminacy, as discussed above. 

As before, the ethical principles of beneficence and non-maleficence are relevant to avoid harm and 
ascertain the best interest of the patient. Moreover, communication uncertainty involves patient 
autonomy and informed consent. However, it also encompasses professional autonomy and 
integrity. 

To reduce communication uncertainty, we may clarify responsibilities, as well as core concepts such 
as “clinical relevance.” Additionally, shared decision-making (SDM) may be a valuable tool (Berlin 
2014; Birkeland 2016; Lumbreras et al. 2017). Moreover, strengthening professional integrity and 
communication skills is of utmost importance. However, it is important that referrers (GPs and 
others) and performers (radiologists and others) may have different goals. A referring physician may 
want to rule out a certain condition while a radiologist may be eager not to miss any pathology 
(Korsbrekke 2000). Hence, the uncertainty stemming from different goals may be mitigated by clear 
communication between referrer and performer.  

Relevance and implications  
Above we have presented various types of uncertainty related to the diagnostic process. We have 
also highlighted the issues related to each step, and various measures to reduce uncertainty. There 
are of course many other ways to classify and discuss diagnostic uncertainty in radiology. Our 
framework is by no means the only or the best way to do so, but it is chosen because of its familiarity 
to clinicians. Moreover, it can easily be related to other frameworks, which we will show in the 
following Thereafter we will present different perspective and conceptions of uncertainty in which 
diagnostic uncertainty is situated. Finally, we will address ethical issues and principles relevant for 
addressing diagnostic imaging uncertainties.  

Frameworks for uncertainty 
One framework for analysing uncertainty differentiates between risk, fundamental uncertainty, 
ignorance, and indeterminacy (Van Asselt 2000; Wynne 1992). Risk is when you know certain 
outcomes and the chance that they occur. Given certain findings on the image, you know the risk 
that the patient has a given diagnosis. With fundamental uncertainty (also known as severe or 
Knightian uncertainty) you still know about the outcome (e.g., a given diagnosis) but you do not 
know the probability (distribution). Ignorance are unknown factors that are relevant for the 
diagnostic process, but which the health professional is not aware of. Indeterminacy, which formally 
is a type of model validity uncertainty, is uncertainty stemming from different ways to classify the 
conditions to be diagnosed. 

Table 2 gives an overview of these four types of uncertainty applied to the diagnostic process 
discussed above.  
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Table 2 Four types of uncertainty classified according to outcomes and risks. Adapted from 
(Stirling 2010).  

    Possibilities 
Probability 

Known outcome Unknown outcome 

 
 
Known 
probability 

Risk 
Test accuracy (sensitivity, specificity, 
predictive values) for the various 
examinations in different contexts. 
Outcomes and harms of various 
examinations 
Knowledge about diseases 

Indeterminacy (Ambiguity) 
How to define specific findings 
Defining disease entities 
Vagueness in description of findings or 
in reporting 
Defining clinical relevance 

 
Unknown 
probability 

Fundamental (Knightian) Uncertainty 
Prognostic uncertainty 

- Development uncertainty 
- Progression uncertainty 

Overdiagnosis, underdiagnosis 
Value of incidental findings 

Ignorance 
Unknown meaning of certain markers 
for diagnosis or prognosis 
Unknown effects of ionizing radiation 
(good or bad) 
Unknown relevance of individual health 
data 

 

Our classification of uncertainties also corresponds with Sven Ove Hansson’s early framework 
(Hansson 1996), which distinguishes between four general types of uncertainty, i.e., uncertainty 
about i) alternatives, ii) consequences, iii) trustworthiness of information, and iv) about values and 
conceptions amongst decision makers. Uncertainty with respect to which alternatives and 
consequences with respect to which diagnostic method to apply is covered by our step 3 and 4. The 
issue of whether the information is trustworthy is covered in step 5. Uncertainty about values and 
conceptions amongst decision makers, Hanson’s fourth type, is covered in our 2, 6, and 7.  

Correspondingly, our diagnostic uncertainties also correspond to other conceptions of uncertainty in 
a clinical setting, such as discussed by Trisha Greenhalgh (Greenhalgh 2013). Greenhalgh specifically 
refers to uncertainty about the specific illness narrative, about case-based reasoning (our step 2), 
about what the guidelines show (step 1 and 2), what best to do in the circumstances (step 3-5), 
about multi-professional working (step 2 and 6), and how best to communicate and collaborate (step 
2, 6, and 7).  

Different perspectives on uncertainty 
Our approach also is informed by the ways that uncertainty is conceptualized and investigated in 
various academic disciplines (Han et al. 2019). In behavioural economics many see uncertainty as an 
obstacle to rational decision making. In clinical medicine and health services research it may be an 
issue of optimal evidence-based care. Psychologists may think of uncertainty as a barrier or facilitator 
to the satisfaction of fundamental human needs, and cognitive scientists see it as a perceptual state, 
and in communication science uncertainty is a product of information exchange. Moreover, in 
anthropology and sociology it may be viewed as a socially constructed, negotiated, and shared 
understanding or set of meanings (Han et al. 2019). 
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Uncertainty is also scrutinized in terms of vagueness, and classified in terms of linguistic vagueness, 
epistemic vagueness, semantic vagueness, and ontic vagueness (Sadegh-Zadeh 2012).  
Paul Han defines «uncertainty as the subjective consciousness of ignorance. As such, uncertainty is a 
“metacognition”—a thinking about thinking—characterized by self-awareness of incomplete 
knowledge about some aspect of the world.” (Han 2013). Han provides an overview of different 
conceptions of uncertainty in medicine (Han, Klein, and Arora 2011), which is useful for setting 
diagnostic uncertainty in context. See Figure 2. 
 
Figure 2 Different conceptions and sources of uncertainty from (Han, Klein, and Arora 2011). 

 
 
Han’s conceptions of uncertainty relate to other classifications of uncertainty, such as indeterminacy, 
ignorance, unreliability, parameter uncertainty, and inexactness (Strand and Oughton 2009).  

Ethical issues in diagnostic uncertainties  
The various types of uncertainty raise a series of ethical issues, which will briefly discuss in the 
following.  
Two ethical principles that are relevant for all steps of the process and their related types of 
uncertainty are beneficence and non-maleficence (Beauchamp and Childress 2019). This should not 
come as a surprize as the overall aim of diagnostic imaging is to promote good for the patients and 
avoid harming them, and uncertainties in the diagnostic process may hamper or undermine gaining 
this goal. In the initial steps (1 and 2) uncertainty is mainly about whether or not the radiological 
examination is warranted i.e. justifiable. In step 3 and 4 decisions may be hampered by uncertainty 
of the effectiveness and efficiency of a specific modality or procedure or the sufficiency of the image 
quality for the particular patient (e.g. based on insufficient referral information). All such 
uncertainties can obviously lead to wrong decisions and cause suboptimal examinations, which in 
turn may compromise patients’ benefit in terms of reduced probability of a correct diagnosis and 
subsequent treatment as well as exposing patients to unnecessary risks of harm, i.e., reduced safety. 
Uncertainties that occur later in the process may also fail to promote benefits to the patient and/or 
cause harm due to inaccuracy or irrelevant findings. False-negative finding are for instance the major 
contributor to patient injury compensation claims in radiology (Bose et al. 2019). Likewise, is it of 
crucial importance not to harm the patient by causing unnecessary subsequent examination or 
treatments, or anxiety due to irrelevant information. This means that the principles of beneficence 
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and non-maleficence urge us to avoid inaccurate, false or incidental findings, and overdiagnosis 
(Mendelson and Montgomery 2016), followed by inappropriate patient management and follow-up 
procedures that are invasive, risky and expensive (Burger and Kass 2009).  

The principles of justice and solidarity are relevant as uncertainties here may lead to misuse, 
underuse and overuse of services. For example, uncertainties about appropriateness of referring the 
patient and accepting the referral (step 1 and 2), challenge justice and solidarity (see chapter: 
Overutilization of imaging tests and healthcare fairness). Justice is also relevant more indirectly in the 
rest of the process due to the incorrect decisions and the subsequent waste of resources based on 
uncertainties. 

The principle respect for patients’ autonomy and as well as dignity is relevant in step 1 regarding the 
uncertainties in involving the patient in decision-making process. This is a challenging task for the 
clinician as patients demand for imaging services is an important driver for inappropriate imaging 
(Hendee et al. 2010). The uncertainty may easily occur in cases when the patient wants an 
examination for other the strictly medical reasons and respecting the patient’s autonomy and dignity 
becomes incompatible with following best practice. In step 3 the relevance of patient autonomy 
regards the radiographers’ uncertainty about if and how informed consent can or should be obtained 
(Younger et al. 2019).  Moreover, patient autonomy is also involved in step 5 and 6 because it is 
crucial to inform patients about the types of uncertainty that should be considered along the results 
(Hofmann and Lysdahl 2008). 

Professional autonomy, responsibility, and/or integrity are relevant aspects in many steps in the 
diagnostic process for the obvious reason that professionals are the main actors in the process. For 
instance, in step 1 the uncertainties in skills in clinical examination (Espeland and Baerheim 2003, 
Morgan, Jenkins, and Ridsdale 2007) and ignorance about clinical referral guidelines (Gransjoen et al. 
2018), clearly raise questions about professionals’ integrity and responsibility. Adherence to 
guidelines may be perceived incompatible with professional autonomy. Similar arguments can be 
made for step 2: the uncertainties related to justification or examinations (Vom and Williams 2017) 
and communication challenges (Strudwick and Day 2014) call for the professionals’ responsibility.  

Correspondingly, uncertainty raise issues of professional integrity and autonomy in decision making 
in step 3 and 4 as well as issues of the distribution of responsibility between professionals, e.g. 
regarding improvement of the referral information (Lam, Egan, and Baird 2004) and determining 
sufficient image quality (Mount 2016).  

In the final step of the diagnostic process, the radiologists bear a heavy load of responsibility for 
dealing with the uncertainty inherent in process of interpreting and reporting the radiological 
findings (Bruno 2017), for instance the challenges related to incidentalomas (Berlin 2013), and 
uncertainties in patient information responsibilities (Gutzeit et al. 2019). 

Handling diagnostic uncertainty 
We have provided an overview of the various ethical aspects and measures to reduce uncertainty at 
7 steps of diagnosis. Summarising these (given in the right column of Table 1) gives us 9 specific 
measures to reduce uncertainty in the diagnostic process:  
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- Educate and train professionals, especially in performance and interpreting skills 
- Improve communication between referrer and performer and to the patient. 
- Clarify the responsibility for the various steps of the diagnostic process. 
- Clarify definitions of findings, diagnoses, and diseases 
- Be cautious when the prevalence is low and restrictive when the pre-test probability is low 
- Increase knowledge about disease progression and individual variability 
- Increase knowledge about disease prognostics  
- Communicate uncertainty to patients and apply shared decision-making 
- Strengthen professional integrity 

One important topic expected to influence diagnostic uncertainties in diagnostic imaging and the way 
they can be handled is artificial intelligence (AI). This is a too big an issue to address fully in this 
chapter. Suffice here is to point out that AI may reduce the uncertainties discussed in steps 2-5, and 
subsequently also in 6 and 7. However, introducing AI in order to improve diagnostics and reduce 
uncertainty also introduces two important and related challenges: the black box problem and 
responsibility.  

AI introduces algorithms that are non-explanatory (“the black box problem”), which makes it difficult 
to understand why a certain diagnosis or decision is reached. This then makes it difficult to distribute 
responsibility (Neri et al. 2020; Pesapane et al. 2018). Who is responsible for a decision based on an 
AI-provided diagnosis that turns out to be wrong? Is it the AI-constructor or vender? The provider of 
the data on which the AI-system is trained or used? The health care system implementing the AI-
system? The professional using it? Or the patient consenting to its use? These issues merit a separate 
paper. 

If we focus on the overall goal of diagnostics, i.e., to find the underlying and potentially modifiable 
cause of pain and suffering (in terms of disease) and thereby to help people, we can boil the advice 
to handle diagnostic uncertainty down to five key questions:  

1. Is it right to test? (Appropriateness of testing) 
2. Is it the right test? (Test appropriateness) 
3. Is the test right? (Accuracy of result, trustworthiness) 
4. Is the test clinically helpful? (Relevance of result) 
5. Does the test result matter to the patient? (Importance of result) 

Figure 3 presents the five steps to handle diagnostic uncertainty in practice.  

Figure 3  Five basic issues and questions to ask in order to reduce diagnostic uncertainty. Adopted 
from (Hofmann 2018) 
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 Addressing these questions will make it easier to handle uncertainty and improve diagnostics in 
radiology.  
 

Conclusion 
In this chapter we have analysed a wide range of uncertainties presenting in seven steps of 
diagnostic imaging. For each step we have described the main concern and suggested measures to 
reduce and handle the various kinds of uncertainty. Overall, we have provided 9 specific measures to 
reduce uncertainty in the diagnostic process. Moreover, we have analysed ethical issues related to 
the various types of uncertainty presenting at each step of the diagnostic process and discussed the 
ethical principles relevant for addressing these issues. We have also demonstrated how the 
uncertainties presented and discussed in this chapter relate to the general literature on uncertainty 
and briefly indicated how AI may change and challenge diagnostic uncertainty. We ended this 
chapter with five specific questions framed to raise the awareness of uncertainty in diagnostic 
imaging, as well as to reduce and to handle it. Thereby we hope that this chapter provide practical 
measures to acknowledge and address diagnostic uncertainty.  

References 
Andersen, E. R., J. Jorde, N. Taoussi, S. H. Yaqoob, B. Konst, and T. Seierstad. 2012. "Reject analysis in 

direct digital radiography." Acta Radiol 53 (2): 174-8. 
https://doi.org/10.1258/ar.2011.110350. 

Balogh, Erin P, Bryan T Miller, John R Ball, Engineering National Academies of Sciences, and Medicine. 
2015. "Overview of diagnostic error in health care." In Improving Diagnosis in Health Care. 
National Academies Press (US). 

Beauchamp, T. L. and J. F. Childress. 2019. Principles of biomedical ethics. New York, Oxford 
University Press New York. 

Berlin, L. 2013. "MEDICOLEGAL: Malpractice and ethical issues in radiology: The incidentaloma."  AJR. 
American Journal of Roentgenology 200 (1):W91. doi: 
https://dx.doi.org/10.2214/AJR.12.8894. 

Berlin, Leonard. 2014. "Shared decision-making: is it time to obtain informed consent before 
radiologic examinations utilizing ionizing radiation? Legal and ethical implications." Journal of 
the American College of Radiology 11 (3): 246-251. 

Birkeland, Søren. 2016. "Shared decision making in interventional radiology." Radiology 278 (1): 302-
303. 

Bose, A. M., I. R. Khan Bukholm, G. Bukholm, and J. T. Geitung. 2019. "A national study of the causes, 
consequences and amelioration of adverse events in the use of MRI, CT, and conventional 
radiography in Norway."  Acta Radiol:284185119881734. doi: 10.1177/0284185119881734. 

Brown, Stephen D. 2013. "Professional norms regarding how radiologists handle incidental findings." 
Journal of the American College of Radiology 10 (4): 253-257. 

Bruno, M. A. 2017. "256 Shades of gray: uncertainty and diagnostic error in radiology."  Diagnosis 4 
(3):149-157. doi: https://dx.doi.org/10.1515/dx-2017-0006. 

Bruno, M. A., J. Petscavage-Thomas, and H. H. Abujudeh. 2017. "Communicating Uncertainty in the 
Radiology Report."  AJR. American Journal of Roentgenology 209 (5):1006-1008. doi: 
https://dx.doi.org/10.2214/AJR.17.18271. 



 
 

13 
 
 

Burger, I.M., and N.E. Kass. 2009. "Screening in the dark: ethical considerations of providing 
screening tests to individuals when evidence is insufficient to support screening 
populations."  Am J Bioeth 9 (4):3-14. 

Davendralingam, N., M. Kanagaratnam, L. Scarlett, M. Moor, P. MacCallum, and E. Friedman. 2017. 
"An audit on the appropriateness of information provided on DVT US requests for suitable 
vetting and justification."  Clinical Radiology 72 (Supplement 1):S20. 

Decoster, R., H. Mol, and D. Smits. 2015. "Post-processing, is it a burden or a blessing? Part 1 
evaluation of clinical image quality."  Radiography 21 (1):e1-e4. 

Djulbegovic, Benjamin, Iztok Hozo, and Sander Greenland. 2011. "Uncertainty in clinical medicine." 
Philosophy of medicine 16: 299. 

Egan, I. Baird, M. 2003. "Optimising the diagnostic imaging process through clinical history 
documentation."  The Radiographer 50 (1):11-18. 

Espeland, A., and A. Baerheim. 2003. "Factors affecting general practitioners' decisions about plain 
radiography for back pain: implications for classification of guideline barriers--a qualitative 
study." BMC Health Serv Res 3 (1):8. 

Fahlquist, Jessica Nihlén. 2018. Moral Responsibility and Risk in Society: Examples from Emerging 
Technologies, Public Health and Environment. Routledge. 

Fryback, Dennis G, and John R Thornbury. 1991. "The efficacy of diagnostic imaging." Medical 
decision making 11 (2): 88-94. 

Gransjoen, A. M., S. Wiig, K. B. Lysdahl, and B. M. Hofmann. 2018. "Barriers and facilitators for 
guideline adherence in diagnostic imaging: an explorative study of GPs' and radiologists' 
perspectives."  BMC Health Services Research 18 (1):556. doi: 
https://dx.doi.org/10.1186/s12913-018-3372-7. 

Greenhalgh, Trisha. 2013. "Uncertainty and clinical method." In Clinical uncertainty in primary care, 
23-45. Springer. 

Gutzeit, A., R. Heiland, S. Sudarski, J. M. Froehlich, K. Hergan, M. Meissnitzer, S. Kos, P. Bertke, O. 
Kolokythas, and D. M. Koh. 2019. "Direct communication between radiologists and patients 
following imaging examinations. Should radiologists rethink their patient care?" European 
Radiology 29 (1):224-231. doi: https://dx.doi.org/10.1007/s00330-018-5503-2. 

Halpern, Joseph Y. 2017. Reasoning about uncertainty. MIT press. 
Han, P. K. J., A. Babrow, M. A. Hillen, P. Gulbrandsen, E. M. Smets, and E. H. Ofstad. 2019. 

"Uncertainty in health care: Towards a more systematic program of research." Patient Educ 
Couns 102 (10): 1756-1766. https://doi.org/10.1016/j.pec.2019.06.012. 

Han, Paul KJ. 2013. "Conceptual, methodological, and ethical problems in communicating uncertainty 
in clinical evidence." Medical Care Research and Review 70 (1_suppl): 14S-36S. 

Han, Paul KJ, William MP Klein, and Neeraj K Arora. 2011. "Varieties of uncertainty in health care: a 
conceptual taxonomy." Medical Decision Making 31 (6): 828-838. 

Hansson, Sven Ove. 1996. "Decision making under great uncertainty." Philosophy of the social 
sciences 26 (3): 369-386. 

---. 2003. "Ethical criteria of risk acceptance." Erkenntnis 59 (3): 291-309. 
---. 2009. "Measuring uncertainty." Studia Logica 93 (1): 21-40. 
---. 2013. The ethics of risk: Ethical analysis in an uncertain world. Springer. 
---. 2016. "Evaluating the uncertainties." In The Argumentative Turn in Policy Analysis, 79-104. 

Springer. 
Hatch, Steven. 2017. "Uncertainty in medicine." BMJ 357. https://doi.org/10.1136/bmj.j2180. 

https://www.bmj.com/content/bmj/357/bmj.j2180.full.pdf. 
Hendee, W. R., G. J. Becker, J. P. Borgstede, J. Bosma, W. J. Casarella, B. A. Erickson, C. D. Maynard, J. 

H. Thrall, and P. E. Wallner. 2010. "Addressing overutilization in medical imaging."  Radiology 
257 (1):240-5. doi: 10.1148/radiol.10100063. 



 
 

14 
 
 

Hollingsworth, T. D., R. Duszak, Jr., A. Vijayasarathi, R. B. Gelbard, and M. E. Mullins. 2019. "Trainee 
Knowledge of Imaging Appropriateness and Safety: Results of a Series of Surveys From a 
Large Academic Medical Center." Current Problems in Diagnostic Radiology 48 (1):17-21. 
doi: https://dx.doi.org/10.1067/j.cpradiol.2017.10.007 

Hofmann, B. 2018. "Looking for trouble? Diagnostics expanding disease and producing patients." J 
Eval Clin Pract 24 (5): 978-982. https://doi.org/10.1111/jep.12941. 

---. 2019a. "Back to basics: overdiagnosis is about unwarranted diagnosis." Am J Epidemiol. 
https://doi.org/10.1093/aje/kwz148. 

Hofmann, Bjørn. 2014. "Diagnosing overdiagnosis: conceptual challenges and suggested solutions." 
European Journal of Epidemiology 29 (9): 599-604. 
https://doi.org/http://dx.doi.org10.1007/s10654-014-9920-5. 
http://www.kunnskapssenteret.no/publikasjoner/langtidseffekter-etter-fedmekirurgi. 

---. 2017. "Overdiagnostic uncertainty." European Journal of Epidemiology 32 (6): 533-534. 
https://doi.org/10.1007/s10654-017-0260-0. https://doi.org/10.1007/s10654-017-0260-0. 

Hofmann, Bjørn, and Kristin Bakke Lysdahl. 2008. "Moral principles and medical practice: the role of 
patient autonomy in the extensive use of radiological services." Journal of Medical Ethics 39: 
446-449. https://doi.org/http://dx.doi.org10.1136/jme.2006.019307. 
http://jme.bmjjournals.com/. 

Hofmann, Bjørn Morten. 2019b. "Overdiagnosis: epistemic uncertainty and ethical challenges." BMJ 
Evidence-Based Medicine, A11. 

Hofmann, Bjørn, Tina Blomberg Rosanowsky, Camilla Jensen, and Kenneth Wah. 2015. "Image rejects 
in general direct digital radiography." Acta Radiologica Open 4 (10): 1-6. 

Kang, Stella K, Kayte Spector-Bagdady, Arthur L Caplan, and R Scott Braithwaite. 2016. "Exome and 
genome sequencing and parallels in radiology: searching for patient-centered management 
of incidental and secondary findings." Journal of the American College of Radiology 13 (12): 
1467-1472. 

Korsbrekke, K. 2000. "On radiology and radiologic method--cooperation between clinician and 
radiologist." Tidsskrift for den Norske laegeforening 120 (16): 1907. 

Lam, D., I. Egan, and M. Baird. 2004. "The Radiographer's impact on improving Clinical Decision-
making, Patient Care and Patient Diagnosis: A pilot study."  Radiographer 51 (3):133-137. doi: 
doi:10.1002/j.2051-3909.2004.tb00012.x. 

Lysdahl, K. B., B. M. Hofmann, and A. Espeland. 2010. "Radiologists' responses to inadequate 
referrals."  Eur Radiol 20 (5):1227-33. doi: 10.1007/s00330-009-1640-y. 

Lumbreras, Blanca, José Vilar, Isabel González-Álvarez, Mercedes Guilabert, María Pastor-Valero, 
Lucy Anne Parker, Jorge Vilar-Palop, and Ildefonso Hernández-Aguado. 2017. "Avoiding fears 
and promoting shared decision-making: How should physicians inform patients about 
radiation exposure from imaging tests?" PloS one 12 (7): e0180592. 

Matthews, K., and P.C. Brennan. 2008. "Justification of x-ray examinations: General principles and an 
Irish perspective."  Radiography 14 (4):349-355. 

Mendelson, R. M., and B. D. Montgomery. 2016. "Towards appropriate imaging: Tips for practice."  
Aust Fam Physician 45 (6):391-5. 

Morgan, M., L. Jenkins, and L. Ridsdale. 2007. "Patient pressure for referral for headache: a 
qualitative study of GPs' referral behaviour."  British Journal of General Practice 57 (534):29-
35. 

Mount, J. 2016. "Reject analysis: A comparison of radiographer and radiologist perceptions of image 
quality."  Radiography 22 (2):e112-e117. doi: 10.1016/j.radi.2015.12.001. 

Neri, Emanuele, Francesca Coppola, Vittorio Miele, Corrado Bibbolino, and Roberto Grassi. 2020. 
Artificial intelligence: Who is responsible for the diagnosis? : Springer. 

Norman, Geoffrey R, and Kevin W Eva. 2010. "Diagnostic error and clinical reasoning." Medical 
education 44 (1): 94-100. 



 
 

15 
 
 

Pandharipande, Pari V, Brian R Herts, Richard M Gore, William W Mayo-Smith, H Benjamin Harvey, 
Alec J Megibow, and Lincoln L Berland. 2016. "Rethinking normal: benefits and risks of not 
reporting harmless incidental findings." Journal of the American College of Radiology 13 (7): 
764-767. 

Pesapane, Filippo, Caterina Volonté, Marina Codari, and Francesco Sardanelli. 2018. "Artificial 
intelligence as a medical device in radiology: ethical and regulatory issues in Europe and the 
United States." Insights into imaging 9 (5): 745-753. 

Phillips, John P, Caitlin Cole, John P Gluck, Jody M Shoemaker, Linda E Petree, Deborah L Helitzer, 
Ronald M Schrader, and Mark T Holdsworth. 2015. "Stakeholder opinions and ethical 
perspectives support complete disclosure of incidental findings in MRI research." Ethics & 
behavior 25 (4): 332-350. 

Pinto, Antonio, and Luca Brunese. 2010. "Spectrum of diagnostic errors in radiology." World journal 
of radiology 2 (10): 377. 

Rogers, W.A. 1919. "Whose autonomy? Which choice? A study of GPs' attitudes towards patient 
autonomy in the management of low back pain."  Family Practice. (2):140-145. 

Rosenkrantz, Andrew B. 2017. "Differences in perceptions among radiologists, referring physicians, 
and patients regarding language for incidental findings reporting." American Journal of 
Roentgenology 208 (1): 140-143. 

Sadegh-Zadeh, Kazem. 2012. "Handbook of analytic philosophy of medicine." 
Singh, Hardeep, Gordon D Schiff, Mark L Graber, Igho Onakpoya, and Matthew J Thompson. 2017. 

"The global burden of diagnostic errors in primary care." BMJ Qual Saf 26 (6): 484-494. 
Stirling, Andy. 2010. "Keep it complex." Nature 468 (7327): 1029. 
Strand, Roger, and Deborah Oughton. 2009. "Risk and uncertainty as a research ethics challenge." 

National Committees for Research Ethics in Norway 9: 1-41. 
Strudwick, R. M., and J. Day. 2014. "Interprofessional working in diagnostic radiography."  

Radiography 20 (3):235-240. doi: http://dx.doi.org/10.1016/j.radi.2014.03.009. 
Van Asselt, Marjolein BA. 2000. "Perspectives on uncertainty and risk." In Perspectives on Uncertainty 

and Risk, 407-417. Springer. 
Vom, J., and I. Williams. 2017. "Justification of radiographic examinations: What are the key issues?"  

Journal of Medical Radiation Sciences 11:11. doi: https://dx.doi.org/10.1002/jmrs.211. 
Waaler, D., and B. Hofmann. 2010. "Image rejects/retakes--radiographic challenges." Radiat Prot 

Dosimetry 139 (1-3): 375-9. https://doi.org/10.1093/rpd/ncq032. 
Wynne, Brian. 1992. "Uncertainty and environmental learning: reconceiving science and policy in the 

preventive paradigm." Global environmental change 2 (2): 111-127. 
Younger, C. W. E., S. Moran, C. Douglas, and H. Warren-Forward. 2019. "Barriers and pathways to 

informed consent for ionising radiation imaging examinations: A qualitative study."  
Radiography 25 (4):e88-e94. 

Zwaan, Laura, and Hardeep Singh. 2015. "The challenges in defining and measuring diagnostic error." 
Diagnosis 2 (2): 97-103. 

 


	2020LysdahlDiagnostic_PP
	Diagnostic+uncertainties+in+medical+imaging+PostPrint

