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Abstract 

 

This work considers risk-benefit communication for the case of the pregnant patient receiving 

imaging with ionising radiation which is cited as a source of anxiety for many women and their health 

care providers.  

 

Within this work both the perspectives of the healthcare professional and the patient have been 

considered. A cross sectional observational study was utilised to assess the knowledge, attitudes and 

confidence of the healthcare worker when communicating risks and benefits of radiological imaging. 

In addition to this a qualitative study using grounded theory methodology was undertaken to explore 

the pregnant patient’s experiences, perceptions and understanding of the communication they 

received.  

 

Sixty two local healthcare professionals across the domains of radiology, medical physics, emergency 

medicine and obstetrics and gynaecology participated and completed the cross sectional study 

questionnaire. Results obtained within this study indicate deficiencies in the knowledge and 

confidence of front-line staff in delivering radiation risk-benefit communication.  

 

Twenty patients participated in the grounded theory study. The established theory describes how a 

pregnant patient invokes an emotional and cognitive engagement with the risk-benefit information 

they receive. The emergent grounded theory has established that expectant mothers are often faced 

with the dilemma of proceeding with an investigation that they believe will put them and their baby at 

risk. The continued health of baby and self is of ultimate importance to pregnant mothers and this 

maternal conviction shapes and drives the expectant mothers resolve to rationalise the need to proceed 

with imaging despite the overarching and competing negative biases and concerns that they may also 

have. The established model allows us to predict behaviours within patients that may allow for 

proactive strategies for shaping counselling narratives to address identified maternal concerns.  

 

Results obtained from both aspects of this work contribute to the understanding of how healthcare 

professionals can both refine and improve counselling methods to facilitate effective risk-benefit 

communication prior to imaging the pregnant patient. 
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1. Introduction 

 

The utilisation of ionizing radiation within medical imaging is a broad, complex and frequently 

misunderstood issue. It is generally perceived that the radiation risk from the majority of radiological 

examinations is very small but finite (Alhasan, 2015). The principal aim of radiation risk 

communication in medicine is to ensure that patients receive the information they need with regards 

this risk in a way that they can understand and process (McCollough et al., 2015).  

 

Currently a growing body of work posits that there is a substantial gap between patient expectations 

and current practices for providing risk information pertaining to ionizing radiation medical imaging 

(Thornton, 2015). Studies also indicate a difference in both risk perception and knowledge of actual 

sources of ionizing radiation between the general public and radiation professionals (Perko et al, 

2014).  

 

This research project will explore the concept that what is meant, what is said and what is understood 

are often three very different things. So as to determine an effective methodology for communication 

of risk it is vital to first gain an appreciation for current knowledge and perceptions which exist about 

ionizing radiation. It is also important to have an understanding of how this information is framed and 

delivered as well as how well received and understood this information is by patients. 

 

1.1 Literature search strategy 

 

PubMed and EMBASE biomedical databases were utilised for the literature search covering the 

period from 1975 - 2021. Keywords searches were performed for: risk-benefit communication, risk, 

radiology, medical physics, nuclear medicine, shared decision making, pregnancy, clinician, 

radiologist, radiographer, technologist, ionising radiation, patient, knowledge.  

 

1.1.1 Selection criteria  

 

A study was deemed eligible for inclusion in the literature review if: (1) it reported on an original 

collection of data and (2) participants included health professionals, (3) participants included patients 

who had received risk-benefit communication prior to imaging with ionising radiation and (4) results 

included qualitative or quantitative measures of effectiveness or opinions on risk-benefit 

communication, shared decision making, knowledge, competence or confidence relating to 

communicating the use of ionising radiation. 

 

No study design was excluded and only studies in English were assessed.  
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1.1.2 Literature quality assessment 

 

Quality of the studies was assessed using Qualsyst validated tools (Kmet et al, 2004). This framework 

was selected due to its ease of use and practical, pragmatic quality scoring systems for quantitative, 

qualitative and mixed methods studies. A quality score of ≥55% was chosen as the minimum 

threshold for inclusion of studies within the review (Kmet et al, 2004, pg. 6). 

1.2 The hazards, risks and benefits of medical imaging with ionising radiation – Our current 

understanding 

 

Radiological procedures utilising ionising radiation are increasingly used to diagnose a wide range of 

diseases and injuries (Gunalp et al, 2014). These procedures provide immense clinical benefit but also 

an increased exposure to ionising radiation. These benefits have resulted in a systematic increase in 

the use of radiological imaging over the past decade culminating in overall increased medical 

effective dose per capita in most European countries (European Society of Radiology, 2011). Whilst 

the medical benefits of these investigations cannot be disputed, there are concerns about potential 

future cancer risks. 

 

Ionising radiation is an established carcinogen (Goodhead, 2009). A corpus of studies involving 

animals, Japanese atomic bomb survivors and those undergoing repeated radiographic diagnostic 

examinations have established a strong evidence base for its role in cancer induction (National 

Research Council (2006)). Work by Brenner et al (2007) has indicated that up to 2% of future cancers 

may be attributable to computed tomography (CT) alone. The risk of cancer from exposure to ionising 

radiation is typically based on a number of factors including the patient’s age, exposure duration, 

radiation type and radiosensitivity of the exposed tissues/organs. These cancer risks have no threshold 

dosage and the adverse outcomes take at least ten to twenty years to become clinically manifest (Puri 

et al, 2012).  

 

The individual risk of developing radiation related cancer from any single radiological procedure is 

small (Alhasan, 2015). However, with increasingly large number of persons exposed annually these 

small risks can translate into a large number of future cancers (Mathews et al, 2013). Owing to these 

risks the International Commission on Radiological Protection (ICRP) posit that understanding of the 

health effects of ionising radiation is central to the process of informed consent for both the healthcare 

professional and the patient (ICRP, 2007). 

 

1.2.1 Linear no threshold model and it’s controverises 

The linear no threshold (LNT) model was introduced as a concept to facilitate radiation protection and 

has been the underlying premise of much of the worlds radiation protection regulations since the late 
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1950s (Doss, 2018). The LNT model asserts that ionizing radiation is always considered harmful and 

that there is no threshold below which an amount of radiation exposure to the human body is not 

harmful.  

The International Commission on Radiological Protection (ICRP) recommended the use of the LNT 

model.  Whilst acknowledging the model as a conservative and pragmatic approach to radiation 

protection the ICRP also acknowledge that the LNT model was not “universally accepted as a 

biological truth” and that the possibility of a low-dose threshold could not be ruled out, but “because 

we do not actually know what level of risk is associated with very-low-dose exposure, it is considered 

to be a prudent judgement for public policy aimed at avoiding unnecessary risk from exposure.” 

(ICRP, 2023). 

The specific challenge in assessing the risk of cancer induction among patients undergoing diagnostic 

imaging studies is that there are very few reliable human data quantifying an increase in cancer 

incidence after exposure to diagnostic radiation doses (i.e., less than 100 mSv). The risks from low 

doses of radiation are therefore extrapolated by some investigators from the apparently linear 

relationship between cancer incidence and radiation exposure observed at markedly higher doses. The 

confidence intervals for these extrapolated risks are typically broad, however, and critically depend on 

the model used to extrapolate the data (Siegel et al. 2012). Because of these uncertainties, typical 

radiation doses from medical imaging have therefore been interpreted as completely safe by some or 

potentially dangerous by others. 

Given acknowledgement of these limitations it would be prudent to recognise that whilst there is a 

paucity of data to suggest that any low levels of exposure to ionising radiaiton has zero risk the 

magnitude of the risk is likely very low and often less than that associated with other everyday risks 

that are inherent in our day to day lives such as obesity, smoking and air pollution (McLean et al, 

2017) and radiation risk communication should therefore be presented accordingly.  
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1.2.2 In utero and breast tissue exposure and the associated radiation risks  

 

1.2.2.1 Deterministic effects 

The principal deterministic effects (tissue reactions) of in utero ionising radiation in the developing 

embryo or fetus are death, malformation, growth retardation and abnormal brain development (Health 

Protection Agency, 2009). The International Commission on Radiological Protection has reviewed the 

risks of harmful tissue reactions and malformation after prenatal irradiation (ICRP, 2003) and 

concluded that no deterministic effects of practical significance would be expected to occur in humans 

below a dose of at least 100 mGy (ICRP, 2007).  

Normal diagnostic medical exposures using X-rays or radionuclides should never result in fetal doses 

in excess of 100 mGy  and the risk from deterministic effects is not considered to be relevant to the 

case of pregnant patients receiving imaging with ionising radiation (Health Protection Agency, 2009).  

1.2.2.2 Stochastic effects 

 

When utilising ionising radiation for medical exposures of pregnant patients it is generally understood 

that dose to the mother and foetus must be avoided where possible. The aim of this avoidance is to 

reduce harm to the developing foetus principally from stochastic risks such as cancer and hereditary 

risks caused by damage to cellular DNA from energy deposited by the ionising radiation.  

 

There is however occasion where clinical indication requires imaging the pregnant patient with 

ionising radiation. In these cases imaging is justified as a diagnosis may save the lives of the mother 

and/or foetus for example in the event of acute pulmonary embolism (PE), wherein plain film chest x-

ray, chest CT angiography and VQ imaging may all be utilised (Rapsis et al, 2014). 

 

Epidemiological data pertaining to the dose/effect relationship of ionising radiation on the foetus 

remains limited to on-going publications from the Japanese atomic bomb survivor in utero cohort 

(Sugiyama et al 2021) and the Oxford Survey of Childhood Cancers (OSCC) (Bithell et al, 2018). 

 

A recent review of case control studies with the OSCC concluded that prenatal radiation increased 

risk of leukaemia and common childhood cancers (Wakeford and Bithell, 2021). The radiation doses 

from the OSCC data were estimated to be 10 mGy, values typical for foetal dose in low dose level 

diagnostic imaging (Lazarus,2006).  

 

When considering the case of CTPA or VQ imaging the fetal radiation dose varies with gestation but 

generally below 1 mGy (Wan et al, 2017).  
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The estimated excess childhood cancer incidence (half being fatal) after in utero radiation is 6% Gy-1 

(Wakeford and Little, 2003). 

 

The other main area of concern when imaging pregnant woman with ionising radiation is the effect of 

radiation on breast tissue, particularly when investigating of suspected pulmonary embolism. The 

maternal breast dose with CTPA is 10–70 mGy and less than 1.5 mGy with VQ (Zamorano et al, 

2014).  

 

Previous assessments have estimated the lifetime risk of breast cancer from a dose of 20 mGy to the 

breast is approximately 1/1200 at age 20 and 1/2000 at age 30 (Chen et al, 2004). From these 

estimates, the additional breast cancer risk from CTPA in a 30-year-old woman is estimated as 1/2000 

compared with 1/40,000 for a VQ scan (Chen et al, 2004). 

 

When considering risk it is important to also consider the risks posed from not detecting a potential 

venous thromboembolism (VTE). VTE in pregnancy remains a leading cause of direct maternal 

mortality in the developed world. VTE is approximately 10-times more common in the pregnant 

population (compared with non-pregnant women) with an incidence of 1 in 1000 (Simcox et al, 2015). 

Although low the medical management and councelling of pregnant patients must consider these 

lifelong health risks from both radiation and VTE. Generally radiation exposures are justified when 

these risks and the competing delatrious risk of VTE are taken into consideration. 

 

1.3 Problems associated with patient and public perspective of radiological risk 

 

Although the clinical value of medical imaging with ionising radiation is irrefutable the benefits of 

such investigations can be eclipsed by perceptions of risk associated with said radiation (Portelli et al, 

2016). It has previously been demonstrated that for some patients the use of ionising radiation is 

synonymous with the dangers associated with atomic weaponry and nuclear reactor catastrophe 

(Hendee, 1991). The aetiology of these perceptions is often rooted in sensationalist media who 

publish exaggerated interpretations or biased framing of the scientific evidence (Cohen, 2016). These 

perceptions often result in patients experiencing additional anxiety and stress prior to an imaging test 

(Lee et al, 2004).  

 

Patients should receive sufficient and appropriate information about their medical care to be able to 

make informed decisions in conjunction with their healthcare professionals (Singh et al, 2015). Shared 

decision making ensures that individuals are supported to make decisions that are right for them. It is 
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a collaborative process through which a clinician supports a patient to reach a decision about their 

treatment. A complete shared decision making process interleaves a clinician’s expertise with a 

patient’s preferences and personal circumstance. 

 

Shared decision making is a key component of the NHS Universal Personalised Care plan contained 

within the NHS Long Term Plan and is viewed as the future of healthcare within the NHS (NHS 

England, 2020). For shared decision processes to be effective there is a need for patient-clinician 

discussion about the benefits and risks of medical imaging examinations that involve the use of 

ionising radiation. Thornton (2015) suggested these discussions will be difficult as current scientific 

evidence indicates risks from exposure to the low levels of ionising radiation associated with medical 

imaging are both theoretically uncertain and extremely small (Tubiana, 2009). 

There is evidence to suggest that the difficulty of articulating such conversations results in patients 

receiving little or no information about radiation risk and consequently, patients are often ill informed 

about the overall effects of ionising radiation (Singh et al, 2015). A number of studies assessing 

patients' awareness of radiation dose and risks have also signalled the need for greater awareness and 

communication from health professionals (Sin et al, 2013; Baumann et al 2011). Despite the 

difficulties of such conversations, it is acknowledged that patient awareness of radiation dose and 

risks does indeed have positive implications for both informed consent and shared decision making. 

Rosenkrantz et al (2015) has demonstrated that patients who are well informed of the risks and 

benefits of an imaging test are more likely to participate in decision making processes, experience less 

anxiety and gain greater control and engagement with their wellbeing. 

 

1.4 Problems associated with medical professionals understanding and communication of 

radiation risk 

 

Medical imaging utilising ionising radiation is often decisive and instrumental to patient care and 

management. However, an increasing body of knowledge is emerging that indicates knowledge 

amongst medical professionals regarding the risks of ionizing radiation exposure is insufficient 

(Ditkofsky, 2016). Knowledge of ionizing radiation exposure amongst radiology professionals is 

essential to properly counsel and inform patients. All healthcare professionals within the imaging 

chain (Referrer, Practitioner and Operator, as defined in the Ionising Radiation Regulations (Medical 

Exposures) 2017 legislation (GOV.uk, 2021)) have a crucial responsibility to inform the patients of all 

aspects of the investigation as well as address any relevant questions and concerns expressed by the 

patient. In addition, healthcare professionals also need to be aware of which imaging modalities best 

contribute to the most effective care pathway (Portelli et al, 2018). There are numerous diagnostic 

imaging tests, guidelines and pathways, both local and national, which may be used to manage a 
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patient. The decision of which investigations to pursue necessitates that both referrer and practitioner 

know which imaging modalities utilise ionising radiation and that they correctly understand the 

implications for relative patient exposure and risk (Ditkofsky. et al, 2016). Additionally, it is of 

paramount importance that referrers and practitioners have the necessary communication skills 

required to provide satisfactory information to their patients to enable them to make informed 

decisions relating to their treatment or care. Unfortunately, numerous studies have been performed 

(Brown et al, 2013; Kada, 2010; Singh et al, 2016; Krille et al, 2010) that indicate limited knowledge 

in healthcare professionals about radiation dose and radiation risks incurred to patients during 

common imaging tests. These studies have also indicated inability to correctly answer common 

questions raised by patients. 

 

1.5 Ambiguity of UK legislation, role and responsibility – A potential compounding factor to 

poor risk communication? 

 

Currently there is ambiguity within the UK as to who is ultimately responsible for proffering advice to 

patients and their relatives with regards the risks and benefits of diagnostic imaging utilising ionising 

radiation. The European Council Directive 2013/59/EURATOM (European Commission, 2013), 

stipulates that the responsibility for risk and benefit communication lies with either the Referrer or 

Practitioner. However, the Ionising Radiation (Medical Exposure) Regulations 2017 (IRMER, 2017) 

which contains the UK definition for these roles does not include this communication stipulation. 

Instead, Schedule 2 of the Employer’s Procedures (IRMER, 2017) asserts that the provision for 

communication of risk and benefit communication be placed ultimately with the employer.  

 

This lack of defined communication obligation may have the potential to lead to professional role 

ambiguity, which is often considered to have deleterious consequences for the performance of 

organisations (Rizzo et al. 1970). These consequences are typically manifested and predicated by a 

lack of clear information about the behaviours required to fulfil their duties and responsibilities. 

The legal precedents set by bodies such as the International Commission on Radiological Protection 

recognise that the required utilisation of radiation is best identified and communicated to the patient 

by the referring clinician at the time of the decision to request the test. However as already identified 

clinicians tend to underestimate doses of ionising radiation from medical sources, and some are even 

unaware of which medical tests utilise ionising radiation (Ramanathan and Ryan, 2015).  

 

There is currently no official statement within the UK from the Royal College of Radiologists 

however the Society and College of Radiographers (SCoR, 2019) recognise and acknowledge that 

IR(ME)R Referrers and Practitioners should be sufficiently educated to communicate benefit and risk 

information to patients. The SCoR also recognise that the task of risk and benefit communication is 
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likely to be delegated to the non-medical professionals. This will typically be a radiographer, 

technologist, physicist or other healthcare professional.  

 

There is a notable paucity of studies regarding risk and benefit communication amongst nonmedical 

radiology workers. One key piece of work by Ramanathan and Ryan (p. 134, 2015) noted there was: 

 

…a variable level of knowledge about radiation dose amongst staff radiologists and technologists, but 

overall knowledge is inadequate in all groups. There is significant underestimation of dosage and 

cancer risk from common examinations, which could potentially lead to suboptimal risk assessment 

and excessive or unwarranted studies posing significant radiation hazard to the patient and radiology 

workers. 

 

 

1.6 Critique of the literature relating to health care professional’s perceptions and attitudes 

towards risk-benefit communication and shared decision making 

 

Communication and inclusion of the patient in these aforementioned clinical decision making 

considerations can be a difficult task. Despite the growing interest in risk/benefit communication and 

shared decision making, evidence suggests it is challenging to apply in clinical practice. A systematic 

review of barriers, facilitators and perceptions of effective risk benefit communication strategies in 

patient counselling and shared decision making processes was performed by Légaré et al (2008).  

 

Thirty eight unique studies met the inclusion criteria for the work of which the majority originated in 

the United Kingdom (n = 13), United States (n = 11), Canada (n = 6), Netherlands (n = 2), France (n = 

1), Mexico (n = 1), Australia (n = 1), Norway (n = 1) , Germany (n = 1) and China (n = 1). 

 

Most studies used qualitative methods exclusively (n = 21). Eleven used quantitative methods 

exclusively and six used mixed methods. Data collection strategies included individual interviews (n 

=16), questionnaires (n = 15) focus groups (n = 13) and observation (n = 5).  

 

The most reported barriers to effective communication pathways were time constraints (22/38), lack 

of applicability due to patient characteristics (18/38) and the clinical situation (16/38). 

 

Other implementation barriers to effective communication strategies including lack of confidence, 

lack of familiarity with said strategies as well as misperception of patient preferences.  

 

More contemporary work by Bomhof-Roordink et al (2019) also sought to provide a comprehensive 

systematic review and overview of risk-benefit communication processes within the healthcare 
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setting. Forty articles in total were included within the review. Empirical data collected within these 

works were individual and/or focus group interviews with patients and healthcare professionals. The 

countries of origin of each respective study within the meta-analysis were not stated.  

Findings of the Bomhof-Roordink work indicate that within the healthcare field of emergency care 

(the care setting a pregnant patient is most likely to require imaging with ionising radiation) 

discussion of diagnostic and treatment options was prevalent in over 76% of cases.  There were 

however noted deficiencies in expertise and knowledge, patient experience, facilitation of patient 

questions and provision of satisfactory information.  

For both stated systematic reviews the large scale search across numerous major biomedical databases 

as well as a consensus approach to article selection and utilisation of quality assessment tools 

(Qualsyst etc.) were seen as strengths of the works. 

It was generally regarded that although the literature searches were systematic and thorough, articles 

on communication barriers within clinical practice by health professionals may not be a well-indexed 

field of research and it may have been possible that some eligible studies were not included within the 

respective reviews (Bomhof-Roordink et al (2019)).  

 

1.7 Communicating risk – Influences to patients risk perception in medical decision making 

 

In many decision-making scenarios related to healthcare, individuals are often expected to navigate 

choices that require weighing risk for consequences with benefits of action. In these scenarios patients 

rely on understanding implicitly the potential risks before accepting medical treatments, but risk 

perception can be distorted by cognitive biases and other compounding information. 

 

Risk perception is a key component of behavioural decision-making. The importance of accurate risk 

assessment has been demonstrated during the course of the COVID-19 pandemic. During this time 

despite of ready access to large volumes of information and guidance, there is widespread evidence of 

both risk overestimation such as unnecessary hoarding of essential resources, as well as 

underestimation of risk with disregard for social distancing measures and infection control policy 

(Hayakawa and Marian, 2022). 

 

The notion of risk perception was first considered in the field of psychology to study consumer 

behaviour. It was defined as people’s ability to perceive the risks posed by their decision-making. 

Risk perception is generally considered to be a multifactorial process built on the experiences of the 

individual and are influenced by socioeconomic and cultural contexts (Scollan-Koliopoulas et al, 

2010). 
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A growing body of literature has probed how risk perceptions are formed by individuals. Given that 

risk perceptions often involve incorporating and considering numeric information relating to a hazard, 

the ability to understand numerical information plays an important role in the formation and self-

utilisation of risk perceptions (Reyna, 2009). Evidence demonstrates that individuals who are highly 

numerate are less susceptible to biases related to risk perception and decision-making (Peters et al, 

2006). 

 

Evidence also suggests that risk perceptions are reflective of not only numeracy, but also information 

regarding personal experiences. Individuals perceive their risk for disease to be higher when someone 

in their family has been diagnosed with a disease (Chen and Kaphingst, 2010). Other salient 

information also plays a role in risk perception formation. For example, risk perceptions are often 

influenced by the frequency with which a threat or hazard is represented in media exposure (Slovic et 

al, 2018). 

Health information is in general unclear to most patients, and poor recall is common and increases 

over time. Therefore erroneous judgment can result from information overload and/or processing 

interference, e.g., when one tries to comprehend confusing details or numerical data presented 

simultaneously (Reyna, 2008). 

Risk perceptions are also commonly influenced by contextual factors. For example, as threats or 

perceived hazards become more immediate, risk perceptions tend to become more pessimistic and 

also tend to be higher when a health threat is seen as uncontrollable (Shepperd et al, 2000).  

Distortions in the perceived risk of negative outcomes often result from biases and heuristics (decision 

making shortcuts developed from experience). For instance when considering the affect heuristic, 

which describes the tendency to rely on emotional reactions toward an event to estimate the likelihood 

of its occurrence i.e. viewing a decision as negative if it evokes negative reactions while judging a 

decision as safe if it elicits positive feelings (Loewenstein et al., 2001). 

Lloyd and Cairns (2002) reviewed the role of heuristics in the risk perception process and noted how 

factors such as immediacy, controllability and severity may result in overestimation of risk.  

Other studies have also demonstrated how emotive or affective contextual factors can play a 

significant critical role in the risk perception process. Individuals experiencing anger or annoyance 

tend to have optimistic risk perceptions, whereas those experiencing fear or anxiety tend to have 

pessimistic risk perceptions (Lerner, 2000).  
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These tendencies have important implications for the formation of risk perceptions in a health context, 

particularly given that many health threats and clinical care contexts evoke strong emotions and 

affective responses. 

Risk perception also can be subject to the influence of anchoring effects. Previous studies have found 

that providing individuals with a number can bias their probability judgments toward that value 

(Chapman & Johnson, 1999), even when people are aware that the number is completely irrelevant. 

Given the abundance of numerical resources that are now available to us, it is also important to 

consider the role this information may make in the risk perception process.  

There is a paucity of data to describe the relative impact of cognitive and affective biases when 

evaluating the joint consequences of accepting versus declining care. Research indicates that potential 

risks associated with treatments, investigations or interventions can often be perceived as greater than 

those of the disorder or disease state itself even if forgoing treatment presents an objectively greater 

risk (Port et al., 2001).  

In summary although risk perceptions often incorporate numerical information, a number of 

additional factors including personal experiences, pre-existing biases, contextual and cultural contexts 

and affective factors can contribute, often incorrectly to their ultimate formation.  

1.8 Communicating risk – Risk considerations of the clinician when making a clinical decision 

 

Whilst the evidence base demonstrates strong emotive and affective factors in the risk perception of 

medical decision making amongst patient populations clinicians and healthcare professionals are more 

likely to take a more objective, probabilistic approach (Ebell, 2015).   

 

Clinical decision-making and patient care typically rely on the likelihood of a disease state, the 

probability of which helps define appropriate thresholds to treat or to do further investigation. 

According to the likelihood of the disease, three management options usually exist: the diagnosis is 

excluded, the diagnosis is uncertain and more investigation is needed, or the disease is likely enough 

to initiate treatment without further investigation. This is described as the decision threshold model of 

disease (Pauker et al, 1980).  

 

The objectives of this clinical strategy are to avoid unnecessary, potentially harmful investigations 

and to minimize misdiagnosis.  

 

Clinicians often rely on their knowledge and experience (clinical sense) to develop a diagnostic 

hypothesis and propose an investigation and/or treatment strategy (Kalra and Gupta, 2015). This is 

often a complex process that integrates both epidemiological and clinical presentation.  



21 

 

 

This is typically achieved through two types of clinical reasoning; non-analytical and analytical 

(Benner et al, 2008). Non analytical reasoning is an intuitive process that relies on the clinician’s 

experience. Analytical reasoning includes the hypothetico-deductive process (May et al, 2010).  This 

process includes information from the patient that is gathered and used to construct a hypothesis; 

which is then tested and refined with further additional hypothesis constructed if required. 

 

Throughout these processes the clinician will make judgements as to the appropriateness of further 

investigations, the potential inherent risks in obtaining a diagnosis and the risks of not obtaining a 

satisfactory diagnosis and treatment strategy (May et al, 2010).   

 

1.9 Communication of risk and benefit for medical imaging during pregnancy 

 

Of particular interest for this project is the case for utilisation of ionising radiation for medical 

imaging during pregnancy and the associated risk communication that accompanies this. Maternal 

illness during pregnancy is not uncommon and sometimes requires radiological imaging for accurate 

diagnosis and treatment (Ratnapalan, 1999). Exposure to ionizing radiation can be a source of anxiety 

for many pregnant women and their health care providers despite the reality that the risks to the 

developing fetus are quite small (Health Protection Agency, 2009).  

 

Having presented the evidence to suggest that proffered information from health professionals and the 

patient perception of associated risks are often incorrect it is vital, given the added emotional 

complexity of pregnancy that correct counselling of patients is performed. Exposure of a fetus to 

radiation can be alarming and distressing for parents and is often dealt with less objectivity and 

rationality than other teratogenic agents (Jones, 1994).  

 

Clinicians have also demonstrated a biased and unscientific approach to risk communication during 

pregnancy which has led to poor patient care and inappropriate advice (Brent, 1989). For the majority 

of diagnostic medical procedures, fetal doses less than one milligray are typically associated with very 

low risks of cancer (below 1 in 10,000) and judged to be acceptable when compared with the natural 

risk (around 1 in 500) (HPA,2009). As such current advice advocates that all such examinations in 

these dose ranges can be carried out on pregnant patients, assuming the exposure is justified and the 

dose is kept to as low as reasonably practicable. Given the very low risks of childhood cancer from 

such investigations there is “not sufficient evidence to justify termination of the pregnancy 

(particularly in view of the associated risks to the health of the mother)” (HPA, p.3, 2009). 
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Even when considering the relatively low risk from such examinations, the high teratogenic risk 

perception of clinicians associated with use of radiation can lead to incorrect communication and 

unnecessary anxiety for pregnant women. A questionnaire conducted by Fink and Glick (1993) found 

that 40% of family physicians would recommend therapeutic abortion to women who received a 

radiological procedure in early pregnancy. Alarmingly, one study found a number of women exposed 

to low dose diagnostic radiation during pregnancy chose to terminate the pregnancy (Cohen et al, 

2006) owing to anxiety caused by their clinician’s advice. This further highlights the requirement for 

correct communication of risks and benefits associated with radiation exposure. 

 

1.10 Project purpose 

 

This research project will explore the concept that what is meant, what we say and what is understood 

are often three very different things. So as to determine an effective methodology for communication 

of risk to pregnant patients, it is vital to first gain an appreciation for current knowledge and 

perceptions which exist about ionizing radiation. It is also important to have an understanding of how 

this information is framed and delivered to patients as well as how well received and understood this 

information is.  

 

To date no identifiable research on the topic of the pregnant patient’s perception of risks and benefits 

associated with the medical use of ionizing radiation has been published. This project proposes to 

utilise health care professionals and patient participants from the North East of England to provide a 

varied blend of backgrounds with which to investigate attitudes and opinions to this topic.  

 

1.11 Research question and aims 

 

There is currently a paucity of studies of patient perspectives to medical imaging utilising ionising 

radiation. If the NHS is committed to implementing both shared decision making and the Long Term 

Plan within the next decade, is important to develop models for shared decision making regarding 

radiological imaging now.  

 

To achieve this aim we must understand both the perspectives of patients for whom ionising radiation 

exposure from medical imaging is an important concern and healthcare professionals who are charged 

with communicating such advice.  

 

There are two main aims of this research project: 
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I. Utilising cross sectional observational study approaches locally determine referring 

clinicians, radiologists and radiation expert’s views and knowledge of ionising radiation, 

their confidence in delivering this information, their opinions of who should be proffering 

this advice and techniques employed in framing this often complex information. The aim 

of this component of the project will be to investigate and compare opinion and practice 

of providing benefit-risk information as well as assess the health care providers comfort 

in counselling patients about the risks and benefits of imaging with ionising radiation to 

themselves and their unborn baby.  

 

II. Locally determine the pregnant patient’s perception of ionising radiation and radiological 

risk following their experiences of receiving imaging with ionising radiation whilst 

pregnant This component of the study will explore the processes associated with risk 

perception experience in a cohort of women who have previously had medical imaging 

utilising ionisation radiation during gestation with the aim of bridging current knowledge 

gaps. This study is intended to utilise grounded theory approaches to develop a theory 

concerning risk perception experience in the pregnant female so as to contribute to the 

development of communication styles to enlighten policy making and remove the burden 

of undue stress to the patient. In seeking to generate a theory to understand how 

individuals create and construct risk perceptions it is hoped to better understand how 

these perceptions influence their decisions and actions. 

 

1.12 Significance 

 

This research offers the potential to inform local and national guidance on communicating both the 

risks and benefits of the clinical use of ionising radiation to the pregnant patient. By collaborating 

with patients and healthcare professionals we can gauge their perception, understanding and opinion 

current risk-benefit communication strategies. Through direct engagement with the patient it is hoped 

their opinions and insights will directly shape the style and method of radiological risk 

communication.  

 

The findings of this project also have the potential to inform and improve patient education and 

awareness initiatives to remove the burden of anxiety which can exist owing to misunderstanding 

incorrectly elevated perceptions of radiological risk.  
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2. Health professionals attitudes and understanding of radiation exposure to the pregnant patient 

 

This section of the thesis will consider the healthcare professional dimension to the risk-benefit 

communication process. Knowledge of ionising radiation exposure amongst radiology professionals is 

essential to properly counsel and inform patients. Risk communication for imaging with ionising radiation 

can be defined as information about the recommended examinations, benefits and risks, and alternative 

imaging methods (Ukkola et al, 2017).  

 

A cross sectional observational study, in the form of a prepared questionnaire was developed and 

distributed to healthcare staff at Sunderland Royal Hospital with responsibilities for requesting or 

delivering imaging with ionising radiation to best gain an appreciation for the current knowledge and 

perceptions  

 

2.1 Evaluation of cross sectional observational studies 

 

A cross sectional observational study records the behaviour, attitudes and knowledge of the study 

participants (Sedgwick, 2014).  

 

Cross sectional studies are generally advocated as they are quick, easy, and inexpensive to perform and 

are often based on a questionnaire survey (Sedgwick, 2014).  

 

One limitation of this approach is its potential to introduce non response bias. This effect is seen when 

participants who consent to take part in the study differ from those who do not which has the potential to 

result in a non-representative study population. Because of this limitation only an association, and not 

causation, can be inferred from a cross sectional study (Pine, 1997).  

 

The aim of a cross sectional study is to describe a population which can pose useful for intervention 

planning or for the generation of hypotheses for future research (Levin, 2006).
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2.2 Methodology 

 

2.2.1 Ethics approval 

 

Prior to commencement of work confirmation was obtained from the Integrated Research Application 

System (IRAS) team that ethical approval was not required for this element of the research project due to 

the work exclusively involving only NHS staff.  A Health Research Authority (HRA) application was 

prepared and submitted and HRA and Health and Care Research Wales (HRCW) permission was granted 

on 05/08/20 (Appendix A). Locally within South Tyneside and Sunderland NHS Foundation Trust the 

work was permitted under the category of “Service Evaluation” and authorised by the Clinical 

Governance lead on 10/6/2020 (Appendix B). Recruitment for the work began on 02/09/20 and ended 

11/2/2021. In total there were 62 responses.  

 

2.2.2 Recruitment 

 

All healthcare professionals with a stake in caring for pregnant patients within an imaging with Ionising 

radiation pathway were considered.  The Medical Physics Department, Radiology Department, 

Emergency Department, Emergency Assessment Unit and Obstetrics and Gynaecology Department were 

identified as containing the appropriate healthcare professional stakeholders whose knowledge, opinion 

and attitudes would be important to capture within this work.  

 

Within these departments specific staff with a role in the ionising imaging pathway were identified via 

internal email system, staff intranet directory, hospital information support systems (HISS) and 

departmental managers. 

 

At this stage identified staff were then finally further categorised via their IRMER named 

roles of Referrer, Practitioner and Operator.  

 

A recruitment email was sent to all identified individuals which explained the background and aims of the 

work and instructed consenting participants to follow a Google Forms© webpage link to the study 

questionnaire titled “Radiation Risk Communication and the Pregnant Patient - The Views of the 

Healthcare Professional” (Appendix C). 
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2.2.3 Creating the questionnaire 

 

A review of existing literature containing suitable templates and standardised testing regimens was 

performed in the hope of finding a pre-existing tool for use within this work. Such an endeavour had 

previously been performed by Portelli et al (2015) who found that no such tool existed. Their work 

demonstrated that whilst most research in this area utilised written questionnaires as part of their design 

methodology the type of questions asked by previous authors all generally fell into discrete categories 

ranging from demographic information pertaining to experience, training and background, through to 

knowledge of effective doses for typical routine examinations (Borgen et, 2014) (Gower et al, 2012) 

(Heyer et al, 2006) as well as confidence in discussing radiation risk with patients. 

 

The questionnaire developed for this study included similar questions to those posed by these  

publications in an approach comparable to the Portelli (2015) group.   

 

The majority of the questions included in the questionnaire were close ended and offered research 

participants a number of predefined options to select.  Included in these predefined options were the 

ability to select ‘Don’t know’. This option was included to ensure validity by not forcing participants to 

respond to a question they did not have the knowledge to correctly answer (Voght, 2014). 

 

The final questionnaire developed for this study contained 29 questions and was divided into sections 

covering “Professional Role”, “Training”, “Knowledge of Ionising Radiation”, “Risk Communication 

Framing Techniques” and “Confidence and Views on Risk/Benefit Communication”. 

 

The “Professional Role” section contained questions which asked closed ended questions  

relating to their role in the imaging with ionising radiation pathway for pregnant patients as  

well as the number of years’ experience they had in that role. The role descriptors presented to  

the participants were chosen so as to align to the professional work requirements of the named roles 

contained within the IRMER regulations (Ionising Radiation (Medical Exposure)  

Regulations 2017 (IRMER) - Publications - GOV.UK, 2021). 

 

The “Training” section of the questionnaire asked closed ended questions relating to the level of 

education/training the participant had received in radiation protection as well as the number of years since 

the last radiation protection education or training event. These questions had previously been used by 

Portelli et al (2015). In addition to this additional “Yes/No” response questions were created which asked 

if the user had ever had any training in benefit-risk communication as well as a reflective question which 
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asked if the participant felt that their levels of knowledge and training were adequate for their role. These 

questions were included to capture the responsibility now reflected in article 57 of Directive 

2013/59/EURATOM which requires that patients are provided with sufficient information regarding the 

benefits and risks of receiving a radiation dose from a medical exposure. Previous work relating to 

benefit-risk communication has also demonstrated that appropriately informed patients are more involved 

and actively engaged in shared decision making and their own care (Berlin, 2014). 

 

The “Knowledge” section of the questionnaire contained 11 questions directly related to fundamental 

physical concepts of radiation protection within diagnostic imaging. These questions required participants 

to answer questions relating to dosimetry, effective doses from background radiation, single view chest x 

ray sources as well as stochastic and deterministic risk effects for an adult and developing fetus for 

diagnostic imaging exposures. The participant was also asked to determine which examination posed the 

greatest radiological risk to mother and fetus from a selection of standard diagnostic investigations.  

 

These questions were chosen to cover the full knowledge base recommended by the The Society and 

College of Radiographers (2019) who recognise that although a large proportion of radiation protection 

knowledge and theory they advocate is outside of the understanding of a typical patient and is not 

required to be shared with the patient. The Society also recognises, however, that it is important for the 

healthcare professional to have an awareness and understanding of these fundamental concepts to ensure 

that effective communication and adequate and correct information is regarding all of the benefits and 

risk is correctly translated to the patient.  

 

The final question within the Knowledge section was a question previously posed by Ditkofsky et al 

(2016) in their work exploring knowledge and attitudes of ionising radiation to emergency department 

workers. The question explored understanding of stochastic risks from diagnostic radiation exposures and 

one of its predetermined responses related to if elective abortion should be considered.  

 

It was felt that this was an interesting question to pose to participants as a questionnaire conducted by 

Fink and Glick (1993) found that 40% of family physicians would recommend therapeutic abortion to 

women who received a radiological procedure in early pregnancy. A similar study found a number of 

women exposed to low-dose diagnostic radiation during pregnancy chose to terminate the pregnancy 

(Cohen et al, 2006) owing to anxiety caused by their clinician’s advice further highlighting the advocacy 

for correct communication of risks and benefits associated with radiation exposure. 

 



28 

 

The expected answers to these knowledge questions were sourced from information found within the 

relevant literature (Mettler, 2012) (Younger et al, 2018) (Wall et al, 1997). 

 

The next section of the questionnaire was titled “Risk Communication Framing Techniques”. Questions 

within this section probed how the participant may frame their radiation risk communication via closed 

ended questions and was based on a description of commonly employed techniques (paternalistic, risk 

comparison, risk numerology, visual aids) (Dauer et al, 2011) as well as where they would be likely to 

source this information. In addition to the framing techniques described by Dauer et al an additional open 

ended question was included which asked the participant to list any other framing techniques they may 

use in practice.  

 

The following section of the questionnaire considered the participants “Confidence and views of 

risk/benefit communication”. This line of questioning utilised closed ended 5 point Likert scales (Sullivan 

et al, 2013) to gauge how often verbal or written consent is obtained from the patient as well as how 

important it is for pregnant patients to be informed of the potential benefits and risks. An additional 

closed ended question was included to determine who should be responsible for providing this 

information.  

 

The final two questions in the questionnaire addressed how confident and comfortable the participants 

were at explaining the risks posed to the mother and the fetus when utilising imaging using ionising 

radiation which again required answers in the form of 5 point Likert confidence intervals.  

 

2.2.4 Questionnaire validity and reliability  

 

 

Validity expresses the degree to which a measurement measures what it purports to measure (Kember, 

2008). Validation is often employed to increase the robustness of a questionnaire (Bölenius, 2012). 

 

Two subtypes of validity are often used in practice; face validity and content validity (Bhattacherjee, 

2012).  

 

So as to appropriately validate the developed study questionnaire an iterative process of face validation 

was performed to refine the questionnaire followed by a final content validation when face validation 

demonstrated that the questionnaire was concordant with the information the study wished to measure. 
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2.2.4.1 Face validity 

 

Face validity is established when an individual who is an expert on the research subject reviews the 

questionnaire and concludes that it measures the characteristic or trait of interest. Face validity involves 

the expert looking at the items in the questionnaire and agreeing that the test is a valid measure of the 

concept which is being measured (Sangoseni, 2013). 

 

For the purposes of this study face validation was performed by two Medical Physics Experts within the 

Medical Physics department of Sunderland Hospital using criteria previously utilised by Moores et al 

(2012), namely ease of use, comprehensive, questionnaire length, question, wording/comprehension.   

 

When feedback from the face validation was completed a more comprehensive content validation was 

performed as a final assessment of validity.  

 

2.2.4.2 Content validity 

 

Content validity pertains to the degree to which the instrument (questionnaire) fully measures the 

construct of interest (Sangoseni, 2013). The development of a content valid instrument is typically 

achieved by a rational analysis of the instrument by experts familiar with the construct of interest. 

 

Two Medical Physics Experts within the Medical Physics department at Sunderland Royal Hospital were 

asked to rate each question within the questionnaire in terms of its relevancy to the studies aims and score 

these questions on a 4-point ordinal scale (1[not relevant], 2[somewhat relevant], 3[quite relevant], 

4[highly relevant]) (Davis, 1992). 

 

In reports of instrument development, the most widely reported approach for content validity is the 

content validity index (CVI).  The CVI for this questionnaire was measured as the proportion of content 

experts giving items a relevance rating of 3 or 4 ]) (Davis, 1992).  

 

The content validity of the questionnaire independently rated by the two Medical Physics experts resulted 

in a mean content validity index of 1 (Appendix D). Acceptance criteria of two experts should achieve at 

least 0.80 (Davis, 1992).
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2.2.4.3 Reliability 

 

Reliability is an extent to which a test, observation or any measurement procedure produces the same 

results on repeated trials and is a measure of the stability or consistency of scores over time or across 

raters (Varkevisser CM et al, 2003).  

 

Test‑retest correlation was used as an indication of reliability for this study and is the most common form 

of reliability testing for questionnaires (Wong et al, 2012). It was measured by having two respondents 

complete the questionnaire one month apart to see how stable the responses were. In general, correlation 

coefficient (r) values are considered good if r ≥ 0.70 (Wong, 2012). Test-re test results were obtained with 

correlation values of 0.95 and 0.98 for each participant respectively. 

 

2.2.5 Statistics  

 

Raw data obtained from all participant responses was coded and inputted into a comma separated values 

(CSV) file. Statistical testing was performed throughout using JASP 14.0.1 with alpha set at .05 (Jasp 

Team, 2020). Chi squared was used to determine if significant associations existed within the responses 

between groups by comparing the distribution of categorical variables (Agresti, 2007). 

 

For the knowledge section of the questionnaire one way ANOVA methods (with Tukey post hoc testing) 

was performed to determine if significant differences existed in the ionising radiation knowledge base 

between groups. (McDonald, 2014, p.127). 

 

Welch independent sample t test was utilised to determine variation about the mean for the knowledge 

based sections. (McDonald, 2014, p.127). Where appropriate non parametric testing was also performed 

utilised Kendall’s tau correlation to determine the degree of concordance between ranked responses 

(Arndt et al, 1999).
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2.3 Results 

 

2.3.1 Questionnaire responses 

 

All potential participants were invited to complete the online questionnaire between 01/8/20 and 

31/10/20.  

 

Emergency Assessment Unit Consultants 

 

Seven questionnaires were completed from seven distributed to referring clinicians (consultant status) in 

the Emergency assessment unit (EAU) at Sunderland Royal Hospital (a response rate of 100%).  

 

Emergency Department Consultants 

 

Five questionnaires were completed from fourteen distributed to referring clinicians (consultant status) in 

the Emergency Department at Sunderland Royal Hospital (a response rate of 35%). 

 

Obstetrics and Gynaecology Consultants 

 

13 questionnaires were completed from 19 distributed to referring clinicians in the obstetrics and 

gynaecology Department at Sunderland Royal Hospital (a response rate of 68%).  

 

Radiology Department Consultants 

 

11 questionnaires were completed from 20 distributed to consultant radiologist staff at Sunderland Royal 

Hospital (a response rate of 55%).  

 

Medical Physics and Radiology Non Consultant Staff  

 

26 questionnaires were completed from 55 distributed to Medical Physics and Radiology staff that had 

been identified as either a technologist or radiographer at Sunderland Royal Hospital (a response rate of 

47%).  

 

2.3.2 Demographics and levels of radiation protection training 

 

To best compare differences between groups all Emergency Assessment Unit, Emergency Department, 

Obstetrics and Gynaecology were considered under the named IRMER role of Referrer. All radiologists 
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were considered under the role of Practitioner and all technologists and radiographers were considered 

under the role of Operator.  

 

Self-reported years of experience in their respective professional roles is presented in table 1. For all staff 

groups (Referrer, Practitioner, and Operator) all experience brackets appear well represented.   

 

 
Table 1 Clinical experience of each professional group 

 

A detailed breakdown of education/training received by all participant groups is demonstrated in tables 2, 

3 and 4 for referrers, practitioners and operators respectively. Across all participant groups responses 

appear to indicate the majority of radiation knowledge was received as part of tertiary level education 

through a mix of under and post graduate study.  
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Table 2 Levels of radiation protection training received for referrers 

 

 
Table 3 Level of radiation protection training received for practitioners 
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Table 4 Level of radiation protection training received for operators 

 

 

Table 5 Summary of prior radiation protection training for all staff 

 

A summary of tables 2, 3 and 4 is presented in table 5. It demonstrates that training in radiation protection 

received by staff is broad and mixed with the majority of staff indicating training was largely received 

through lectures at under and post graduate levels in addition to local/induction training and self-directed 

learning.  
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Time since last radiation protection training is demonstrated in table 6 below. One way ANOVA revealed 

a significant difference in time between last radiation protection training F =5.27 p <.05. Post hoc testing 

(Tukey’s HSD) revealed that the period of time since last radiation protection training for referrers is 

significantly  longer than either radiologists (p = .04) or operators (p=.036) and these latter two do not 

significantly differ from each other (p=.99).  

 

Table 6 Time since last radiation protection training 

 

2.3.3 Self-reflective assessment of radiation knowledge/training 

 

The results for the reflective question regarding adequacy of radiation knowledge for their role is 

demonstrated in table 7.  

 

 

Table 7 Self assessed measure of level of radiation knowledge for responder’s professional roles 

 

Responses obtained from practitioner and operator groups indicated a strong self-assessed assurance of 

adequacy of radiation knowledge.  
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A χ2 test of participants responses within table 7 indicated significant association (χ2 (2) = 10.8, p=.005) 

between groups. It is clear from examination of the data that these differences arises from responses 

obtained from the referrer group who appear split in how they perceive their level of radiation knowledge 

for their role. Examination of the contingency table demonstrated that this is due to fewer referrers 

responding “yes” than would be expected indicating referrers are less likely to feel they have sufficient 

knowledge. 

 

As previously described the referrer group was composed of the three specialisms of Emergency 

Assessment Unit (EAU), Emergency Department (ED) and Obstetrics and Gynaecology staff. Results for 

level of adequacy of radiation knowledge were examined for each of these sub groups and presented in 

table 8. 

 

 

Table 8 Self assessed measure of level of radiation knowledge for all professional roles contained within 

the referrer group 

A χ2 test of participants responses within table 8 resulted in no significant association (χ2 (2) = 0.4, p=.83) 

between specialist groups within the referrer category groups.  

 

These results suggest that the mixed level of indecision for referrer groups is not constrained to one 

particular referrer specialism and is inherent to them all.  

Self-assessed measures of having adequate levels of radiation knowledge were compared with years of 

experience (table 1) by one way ANOVA testing. No significant differences (F=0.375, P=0.824)  were 

found between age groups and self-assessed knowledge indicating that experience seems to have no 

strong bearing on how staff view their levels of adequacy in radiation knowledge.  
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2.3.4 Risk-benefit communication 

 

Results obtained from the question relating to risk-benefit communication received are presented in table 

9. For both the referrer and operator groups the majority of responses indicated a lack of benefit-risk 

communication strategies. For the practitioner group the results were more balanced. A χ2 test of 

participants responses within table 9 resulted in χ2 (2) = 1.86, p=.4 indicating no significant association 

between groups.  

 

Splitting the referrer groups into their respective sub specialisms (table 10) and performing a χ2 test 

resulted χ2 (2) = 1.4, p=.5 demonstrating no significant association between referral sub specialism.  

 

 

Table 9 Risk-benefit communication received 

 

 

Table 10 Risk-benefit communication received – referrer group 
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2.3.5 Knowledge  

 

The knowledge based section of the questionnaire consisted of 11 multiple choice questions. A full 

description of these questions is contained within Appendix C. Each correct answer awarded a score of 1 

with the maximum score for an individual being 11. The distribution of correct answers for each 

professional group is demonstrated in figure 1.  
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Figure 1 Distribution of knowledge based question results 
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The trend of correct answers across all three groups of operator, practitioner and referrer are of a 

similar profile (figure 1). It is evident that a large proportion of each professional group do not know 

the correct numerical value for the typical dose for a plain film x-ray. There is also a poor recall of the 

value for the increased risk of cancer from an exposure of ionizing radiation. In addition it can be seen 

that practitioner and referrer groups were also unclear of deterministic dose effects for typical 

diagnostic imaging procedures for pregnant patients.  

 

All three groups scored quite strongly in their understanding of relative dose contributions from 

different imaging modalities.  

 

Interestingly for the referrer group only 60% of this group appreciated the linear no threshold concept 

of “no safe dose of radiation”.  

 

Mean and standard deviation of overall result scores for all participant groups are demonstrated in 

table 11. 

 

Table 11 Mean knowledge scores for participant group 

One way ANOVA revealed a significant difference in knowledge between groups F= 9.28, p<.001. 

Post hoc testing (Tukey’s HSD) revealed that referrers score significantly lower than either 

radiologists (p = .001) or operators (p=.003) and these latter two do not significantly differ from each 

other (p=.51) as shown in figure 2. 
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Figure 2 Mean (95% C.I.)knowledge score for each participant group 

 

Within the referrers group there was no significant knowledge difference depending on clinical area 

F(2,22) = 1.94, p = 0.17. 

 

2.3.6 Participant belief in the importance of giving risk/benefit communication for imaging with 

ionizing radiation 

 

Responses from these questions were converted to 5 point Likert scale with 1 = Not at all and 5 = 

Extremely. All participant groups scored the importance of delivering risk/benefit communication 

very highly. There is no significant difference between groups on their beliefs of importance 

explaining to mother F= 1.5, p =.2 (table 12) 

 

Table 12 Importance of delivering risk/benefit communication 

Results for the two questions asking how comfortable/confident staff were at explaining risks posed to 

mother and fetus are shown in tables 13 and 14.   
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Table 13 Confidence explaining risk to mother 

 

 

Table 14 Confidence explaining risk to fetus 

 

There is no significant difference between groups on confidence in explaining risks to fetus F= 2.25, p 

= 0.15. There is a significant main effect of group on confidence in explaining risks to mother F= 

4.24, p =.02 with Tukey post hoc testing showing that operators scored significantly higher than 

referrers but practitioners differed from neither group – see figure 3. This result is likely due to the 

large variation in practitioner’s answers resulting in a large spread which overlaps with both other 

groups. As such the only difference we can see is between referrers and operators. 
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Figure 3 Confidence explaining radiation risks to mother between staff groups 

 

Paired samples testing shows that all participants rated their confidence in explaining risks to mother 

significantly higher than confidence explaining risks to fetus t= 3.98, p<.001, Cohen’s d = 0.51. This 

effect is demonstrated numerically and visually in table 15 and figure 4 below.  

 

 
Table 15 Difference between self-assessed confidence metrics when describing risks to mother and 

fetus 
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Figure 4 Difference between self-assessed confidence metrics when describing risks to mother and 

fetus 

 

2.3.7 Radiation risk/benefit communication framing and sources of information 

 

Responses for methods of risk communication are presented in figure 5. It is evident from the data 

that staff have an overall appreciation for at least one style of risk communication technique with the 

risk comparison approach being the most recognised across all participant groups.  

 

 

Figure 5 Framing mechanisms for radiation risk communication 
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Figure 6 Preferred methods of risk communication 

 

Across all specialisms risk comparison approaches appear to be the clearly preferred method of risk 

communication. This is in keeping with the results of the knowledge based question section where staff 

groups generally answered questions relating to relative dose contributions more favourably than 

numerological approaches.  

 

 

Figure 7 Sources of radiation protection information 

Staff demonstrated a varied preference for where they would source information required to frame 

their risk communication discussion (figure 7) with all possible choices demonstrating a strong 

representation.  
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Figure 8 Participants attitudes towards who should be responsible for providing risk communication 

 

Results for participant’s attitude to which staff group should communicate risk and benefit from the 

use of ionising radiation are presented in figure 8. All participants felt that the requesting doctor 

should be responsible for providing the risk/benefit communication. Following this the majority of 

staff felt that the performing radiographer or technologist should provide this information.  

 

2.3.8 Seeking verbal consent 

 

Responses to this question were converted to 5 point Likert scale with 0 = Never and 4 always. All 

participants responsible for requesting imaging with ionising radiation scored very highly for seeking 

verbal/written consent prior to requesting a scan (table 17). There is no significant difference between 

groups on their beliefs of importance of obtaining consent F = 1.6, p = 0.22. 

 
Table 16 Frequency of seeking verbal/written consent 

 

2.3.9 Investigating further associations within the data  

 

The design of the questionnaire was constructed in such a way so as to first ascertain whether 

participants felt their knowledge of ionizing radiation was sufficient for their role and then testing that 

notion through knowledge based questions and confidence indicators. So as to gauge an overall 
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holistic appreciation for radiation knowledge and attitudes within the combined local professional 

workforce a number of inter disciplinary associations were tested. Welch’s t-test was used to examine 

any differences between groups based on their answer to the self-assessed sufficient knowledge 

question and their answers to 

i) the importance of explaining risk and benefit to the patient 

ii) their confidence in explaining risks and benefits to mother 

iii) their confidence in explaining risk and benefits to the foetus 

iv) their overall knowledge score 

 

Results for this are demonstrated in tables 17, 18 and figure 9. 

 

 
Table 17 Differences between self-assessed knowledge for their role and other questionnaire topics 
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Table 18 Kendall’s Tau correlations between participant responses. 

  

 
Figure 9 Associations between self-assessed measure of adequacy of radiation knowledge and 

(clockwise) importance of explain risks to mother, confidence explaining risk to mother, overall 

knowledge, and confidence explaining risk to fetus. 



49 

 

The main points to be stated from tables 18 and 19 and fig 9 are as follows: 

 

i) There is no significant difference in participant’s responses between their rating of 

importance of explanation of risk benefit to the patient and their self-assessed indicator of 

having sufficient knowledge for their role. 

ii) Those who feel inadequately knowledgeable for their role: 

 Scored significantly lower  on confidence indicators for explaining risk of 

ionising radiation to mother 

 Scored significantly lower  on confidence indicators for explaining risks to the 

fetus 

 Scored significantly lower on the knowledge test questions.  

 

Investigating these associations between data more closely it is clear these differences are not related 

to time since last education/training episode (p=0.17) as shown in the non-parametric correlations 

(table 19) with only a small significant negative correlation between time since training event and 

confidence explaining risks to mother (p=0.068). There are however significant and substantial 

positive correlations between knowledge on the quiz score and both confidence measures (p=0.011, p 

<0.01) suggesting perhaps participants are able to judge their own competence. 
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2.4 Discussion  

 

Benefit-risk communication pertaining to the use of ionising radiation is an important dimension of 

the patient care pathway.  During the last decade, risk and benefit communication related to the use of 

radiation in medical imaging has become a subject of significant prominence (Lam et al, 2015), 

(Ukkola et al, 2019), (Newman, 2016) and (Riberio et al, 2019). This point is recognised 

internationally and in 2013 the International Atomic Energy Agency (IAEA) and World Health 

Organization (IAEA, 2013) jointly recommended fostering an improved benefit-risk dialogue 

amongst health professionals and their patients. Findings and results obtained within this study 

suggest there are still significant improvements to be made.  

 

Local data obtained for this study has identified that only 30% of overall participants felt that they had 

received education or training in benefit-risk communication. Examining these numbers by category 

of referrer, radiologist and operator demonstrates 32%, 45% and 23% respectively.  

 

Furthermore just under half of referrers (48%) who participated in this study indicated that they did 

not feel their levels of knowledge and training were sufficiently adequate to communicate benefit-risk 

information to a pregnant patient. In addition to this 34% of all participants indicated “slight” or 

“none at all” responses when describing confidence in explaining radiation protection advice to a 

pregnant mother. 48% of responders indicated a “slight” or “none at all” response to describing their 

confidence when explaining radiation protection to the fetus, a statistically significant decrease in 

confidence across all participants.  

 

This lack of confidence demonstrated by the participants in this study may be secondary to 

deficiencies in knowledge of radiation doses and risks. To elaborate on this further as evidenced by 

the knowledge based section of the study questionnaire it was demonstrated that only 48% of referrers 

understood the concept of effective dose (72% and 90% for operator and referrers groups 

respectively). Across all groups the approximate effective dose for an adult for a chest x-ray was not 

well understood. 29% of the referrer group correctly knew the answer with the practitioner and 

operator groups not much better at 38% and 39% respectively. It should be noted that plain film x-ray 

imaging is the most frequently performed radiological examination in healthcare and an essential 

imaging component of the care pathway for pregnant patients presenting with suspected pulmonary 

embolism. Within this study less than half of the participants did not know or have an appreciation for 

the effective dose for this test. These findings are similar to previous publications (Soye et al, 2008), 

(Brown, 2013), (Lee, 2012), (Wong et al, 2012). In addition to this only 8% of the referral group 

correctly identified the increased cancer risk per unit dose from an exposure of ionising radiation, 

with the practitioner and operator groups scoring 51% and 52% respectively.  
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Other results demonstrate potentially important knowledge deficits among each of the different 

groups of referrer, practitioner and operator. Though the radiation safety knowledge of practitioner’s 

reported in this project is slightly better than quoted for practitioner’s in previous studies, it is still 

lacking (Soye, 2008), (Bosanquet, 2011), (Zhou, 2010). It is also acknowledged that whilst 

practitioners on average scored better in the knowledge section of their questionnaire they are the 

group of staff least likely to have direct contact with a pregnant patient presenting for CTPA or Lung 

VQ, which again brings into focus the low knowledge scores from the referral group.  

 

24% of referrers, 55% of practitioners and 78% of operators correctly recognised that typical doses of 

radiation from imaging do not result in deterministic effects to the mother. 

 

Whilst previously published work in this area did not focus on examination and attitudes towards 

pregnant patients and the dose considerations therein it is evident that the findings of this study are 

consistent with previous literature describing poor levels of radiation dose awareness amongst health 

professionals (Boone et al 2012), (Borgen et al, 2014), (Gower-Thomas et al, 2002), (Heyer et al, 

2010), (Heyers et al, 2006), (Lee et al, 2004),  (Quinn et al, 1997).  

 

Significant differences between radiation knowledge amongst referrers and operator/practitioner 

groups may be due to radiological professions having a greater emphasis on radiation knowledge 

competence than their Emergency/Gynaecology colleagues. This is supported by results obtained 

from the referrer group, of note the Obstetrics and Gynaecology participants, who scored both lowest 

for knowledge and confidence and self-assessed measures of adequacy. Results obtained are indeed at 

odds with the notion that referring clinicians should have sufficient knowledge of radiation risks so as 

best council the patient through their care pathway. Given that practitioners and operators are 

expected to have a wider and deeper knowledge of the various aspects of medical radiation exposure 

it may be acceptable that more cooperation between local professional groups may increase effective 

communication strategies if required.  

 

2.4.1 Dose comparison approach 

 

Given the demonstrated poor understanding of absolute dose and risk quantities of a large number of 

participants within this study it would follow that that there may be a noted preference for relative 

dose comparison techniques i.e. comparison to natural background radiation levels, flights, other 

medical imaging techniques that utilise ionising radiation etc. Results obtained agree with that 

assertion however answers obtained from the knowledge based questions which further challenged 

this understanding were mixed. 51% of referrers, 70% of operators and 90% of practitioners correctly 
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noted the effective dose from the average annual natural background radiation in the UK. In general 

staff groups performed better when numerical recall was not needed and instead comparative relative 

risk associations from different imaging modalities were needed. 68% of referrers, 81% of 

practitioners and 88% of operators correctly identified the imaging test that typically resulted in the 

lowest radiological risk to the fetus. 72% of the referrer group, 70% of the operator group and 100% 

of the practitioner group correctly identified the correct counselling that should be offered to a mother 

following an unintended exposure. 

 

Previous work by Puri et al (2012) has demonstrated that in some instances referrers do not provide 

counselling to patients as a result of their own low awareness level regarding radiation risks. Local 

data obtained for this study suggests instances of not providing counselling for our patients appear 

low with overall strong metrics to support engagement with the processes of informing the patient of 

the risks.  However as already illustrated and as required within Ionising Radiation Regulations 

(Medical Exposures) 2017 (GOV.UK, 2021) correct informing and counselling of radiation dose and 

risk is required and based on local results may not always be being delivered.  

 

Radiation doses and risk can be communicated in a number of ways. This study has illustrated a 

number of recognised techniques (paternalistic, risk comparison, risk numerology, visual aids). Of 

these risk comparison was noted as the most likely to be used to communicate radiation risk.  

 

Comparison techniques usually take the form of describing risk cosmic radiation from flights to 

natural background radiation levels to comparing dose to typical exams the patient is likely to 

recognise such as plain film x ray. Such techniques pose an issues however if the knowledge base for 

their use is incorrect. For example a large proportion of professional participants in this study do not 

know the typical dose for a plain film x ray or natural background levels. Communication of this style 

also assumes that patients will be satisfied with an answer that only compares different imaging 

modalities instead of a direct answer and discussion regarding the implicit risks. This method also 

expects that the patient knows the dose level of chest x-rays which is itself incredibly unlikely. 

Likewise when using a concept such as natural background radiation it optimistically assumes the 

patient will have an understanding of natural background radiation. It is felt that awkward 

comparisons such as this may exasperate an already distressed pregnant patient at the time of imaging. 

The concept of how patients view communication techniques is explored in considerable more detail 

in the grounded theory section of this thesis. 
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2.4.2 Time since last training 

 

Significant differences in duration since last radiation protection training were noted (mean 6.1 years) 

for the referrer group when compared to operator and practitioner groups (mean 2.5 and 2.7 years 

respectively). It is interesting to note that no associations were made between confidence in 

communication risk and knowledge scores. Similar findings were reported by (Portelli et al, 2016).  

Regardless given that a substantial number of participants indicated that they had not performed any 

radiation protection training for at least 6 years, it is vital for staff to recognise the importance of 

remaining up to date with the latest techniques and guidance relating to radiation protection and 

communication to ensure they have the relevant knowledge required to effectively council patients in 

the use of imaging with ionising radiation.  

 

2.4.3 Experience and self-assessed adequacy of radiation knowledge 

 

No significant associations were made in the results data between years of experience in the role and 

self-assessed adequacy of radiation knowledge. It is felt this is likely due to the infrequency of 

training staff have been involved in as well as a questions as to the validity of that training. 

Interestingly previous work by Perko et al (2013) noted that as professional experience increased risk 

perceptions to radiation decreased. It could be inferred from this that confidence in risk 

communication would increase but this is not demonstrated. This is likely due to the increased 

uncertainty to fetal exposures to radiation as evidenced by other obtained results. This uncertainty is 

also likely exasperated by established evidence that there are increased risk perceptions to pregnancy 

(Lennon, 2016) which likely counteract any complacency in the risk communication that may be 

inherent in other scenarios.  

 

Of note is the important result that staff that achieved low scores were more likely to self-identify as 

having inadequate levels of radiation knowledge. This is very important as it demonstrates strong self-

awareness and cognizant understanding of their own deficiencies which may translate into a more 

ready willingness to improve on these skills in the future.  

 

2.4.4 Fetal dosimetry 

 

56% of referrers, 64% of practitioners and 72% of operators recognised that risk from ionising 

radiation decreases with gestational age. 40% of referrers, 55% of practitioners and 58% of operators 

understood that typical doses of radiation from imaging do not result in deterministic effects to the 

fetus. Elsewhere only 60% of referrers recognised that all levels of ionising radiation represent a 

potential risk to the mother and baby, compared to 84% of operators and 100% of practitioners. 48% 

of responders indicated a “slight” or “none at all” response to describing their confidence when 
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explaining radiation protection to the fetus, a statistically significant decrease in confidence across all 

participants. 

 

Similar findings highlighting a lack of knowledge and understanding of fetal dosimetry in the imaging 

of pregnant women have previously been discussed by Groves et al (2006). Several other groups 

(Hayashino et al, 2005), (Quiroz et al, 2005) have posited that although overall fetal doses might be 

considered small for the majority of diagnostic imaging procedures, current theories in radiation 

biology (ICRP, 2007) imply that the greater the radiation exposure, the greater the risk and so these 

small doses must be considered relevant and healthcare professionals must have a detailed 

understanding of them. 

 

Results obtained demonstrated that there were overall similar results in knowledge based scores for 

both the operator and practitioner groups. This is likely due in part to their professional training. 

Radiology and nuclear medicine healthcare professionals are subject to training curricula that contain 

detailed radiation dosimetry.  Despite this differences in confidence metrics were identified. This may 

suggest that although theoretical education was appropriate perhaps there are deficiencies in framing 

techniques for counselling of pregnant patients. 

 

The majority of participants in this study felt obtaining consent from the patient was of high 

importance and that the requesting doctor should provide the required risk-benefit communication and 

counselling. Low confidence and knowledge were ubiquitous across both the referrer and operator 

groups. It is important to recognise that the operator group is likely to have significant communication 

and close contact with the patients as they move through their respective departments. As such they 

should also have adequate knowledge on radiation exposure during pregnancy and should have 

sufficient training and competence to answering all of the patients’ concerns. 

 

2.4.5 Study strengths and limitations 

 

2.4.5.1 Strengths 

This study achieved quite a satisfactory average response rate of 65% across the target specialism of 

ED, EAU, Radiology, Obs and Gynae and Medical Physics. Similar successful response rates for 

questionnaires of this type were noted in similar work by Portelli et al (2016) and are encouraging to 

note given the expected rate of response for a distributed survey is typically 30% (Baruch et al, 2008). 

This successful response rate is encouraging in itself as it is seen to represent an engagement with the 

risk/benefit communication process across all specialisms and an indication that local staff view this 

as a topic of interest.  
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This is also reflected in the strong consensus amongst all participant groups that risk/benefit for the 

pregnant patient is of the upmost importance. This illustrates well that the participants are already 

engaged with the spirit of these discussions and may be receptive to quality improvement initiatives 

going forwards.  

 

The questionnaire used for the study was designed following a robust process to assess reliability and 

validity. From an examination of the literature it is felt this is likely one of the first studies of this type 

to collect knowledge based metrics, attitudes and personal self-assessed measures of confidence and 

ability, all through the lens of medical care for the pregnant patient. 

 

2.4.5.2 Limitations 

 

A large proportion of the questions utilised within knowledge based section of the study questionnaire 

asked for quite precise numerical answers. It is recognised and acknowledged that an assumption that 

healthcare professionals would carry such precise figures of merit around in their heads is unlikely for 

many of our study participants. However the counterpoint to this is the expectation within the 

regulations that healthcare professionals involved in imaging pathways are expected to have deeper 

and more accurate knowledge on radiation dose and cancer risks. Similar study limitations have been 

previously expressed within similar work by Ramanathan et al (2014). The study questionnaire was 

also limited to 11 questions focused on radiation dosimetry and cancer risk which may not ideally 

equate to a full understanding of radiation knowledge. Such limitations were also recognised within 

similar works by Dauer et al (2011) and Ukkola et al (2016). 

 

Another limitation of this work is its relatively small scope. Due to the nature of the research as a 

component for the Higher Specialist Scientist Training (HSST) programme it was performed within a 

single acute care centre which will likely limit extrapolation of results to different settings. Sample 

sizes for some of the sub specialisms (emergency department numbers etc.) were small and caution 

should be exercised before gross generalisations and actions are undertaken based on this works 

findings.   

 

These noted limitations could potentially skew the real knowledge status. However it is felt that there 

is sufficient evidence to entertain there are significant knowledge gaps (even at just a local level) and 

if a pessimistic approach is taken the true radiation knowledge status may in fact be even worse than 

demonstrated necessitating at a minimum conservative efforts to remedy these deficiencies.  

 

Within this work risk/benefit communication has been assumed to apply exclusively to stochastic 

risks such as cancer induction and not to deterministic effects or tissue reactions. As such it has been 
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assumed that risk communication techniques that described imaging with ionising radiation through 

the communication lens of “no risk” have been interpreted as incorrect and of questionable scientific 

validity. It is recognised that such as assumption and interpretation fails for discussions regarding 

deterministic effects. It should however be noted that such discussions require a detailed and technical 

understanding of radiation biology to recognise the distinction between stochastic and deterministic 

effects and it has been demonstrated within this work that in general the healthcare professional lacks 

the fundamental throry required for such a distinction.  

 

 

2.4.6 Further considerations 

 

Results obtained within this study are broadly comparable to other published work of this nature and 

indicate deficiencies in the knowledge and confidence of front line staff in delivering radiation risk-

benefit communication to pregnant patients requiring imaging with ionising radiation. These 

deficiencies are independent of level of clinical experience of the front line consultant staff.   

 

The work presented in this study has added an extra layer of complexity by assessing competence for 

the specific scenario of pregnant women receiving imaging with ionising radiation, a subject which 

has been demonstrated to add an additional burden of increased risk perception for both the healthcare 

professional and the patient (Ratnapalan et al, 2004). 

 

It goes without saying that in an ideal world referrers, practitioners and operators should be able to 

give information about doses and risks to the patients. Whilst the generic Basic Safety Directives that 

informed the contents of our medical exposures regulations described the need for the practitioner to 

have a role in delivering risk-benefit communication this is often viewed as impractical. 

 

The reality is modern NHS and practitioner resources are stretched and with ever an increasing 

demand on radiological services it is not envisioned there will ever be a time where a radiologist will 

sit down with a patient to discuss at length their options and concerns. Acknowledging this reality, the 

burden to support patients through risk-benefit communication will inevitable fall on the front line 

staff, namely the referrers and operators.  

 

As evidenced by results obtained in this study, there is high degree of self-awareness regarding 

deficiencies in radiation knowledge. Participants recognise they do not have the knowledge required 

and strong associations were demonstrated between confidence, self-assessed adequacy and 

knowledge. A previous clinician focus group study performed by Kruger et al (2014) demonstrated 
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that staff were receptive to initiatives that would provide them with the information they needed to 

help them engage in the informed decision-making process with patients.  

 

Such initiatives exist but are rare and lacking in useful, practical information. For example in 2016 the 

WHO suggested a number of strategies to improve benefit-risk communication with patients. These 

strategies include the use of common comparators such as X-rays or natural background radiation 

(WHO, 2016). The problems with such communication styles have been addressed in previous 

sections and assumes a priori knowledge and understanding from the healthcare professional and 

patient that are not currently present.  

 

Results obtained from this work add another important piece of useful information to the developing 

understanding of benefit-risk communication practice amongst healthcare professionals.   

 

It is evident that there is scope to improve education and confidence in these matters. It is beyond the 

scope of this work to suggest or develop such strategies. Such endeavours need to be addressed by the 

relevant education institutions and professional societies. This will help ensure that healthcare 

professionals are continuously equipped to fulfil their roles and responsibilities as effectively as 

possible. 

 

There are however core themes that may need to be considered. The style and framing approach is a 

consideration that is often overlooked or not given enough regard. It is recognised that communicating 

risk from ionising radiation is an extremely difficult endeavour (Goske et al, 2009). The complex and 

abstract nature of radiation dose quantities and the lack of sufficient scientific data about the actual 

risks associated with most imaging examinations are difficult concepts to assimilate and communicate 

in an appropriate manner. In addition, healthcare professionals need to understand that such risks vary 

depending on numerous factors such as the patient’s age, size and gender.  All of these factors 

compound to create a problem that is inherently difficult for healthcare professionals to convey in a 

style and method that can be easily understood whilst also expressing compassion and sensitivity to 

the nature of the situation and the needs of the patient (Goske et al,2009), (Brink et al, 2012).  
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2.5 Conclusion 

 

The aim of this component of the project was to utilise a cross sectional observational study to, given 

consideration of a pregnant patient requiring imaging with ionising radiation, locally determine 

referring clinicians, radiologists and radiation expert’s views and knowledge of ionising radiation, 

their confidence in delivering this information, their opinions of who should be proffering this advice 

and techniques employed in framing this often complex information. This information would then be 

used to investigate and compare opinion and practice of providing benefit-risk information as well as 

assess the health care providers comfort in counselling pregnant patients about the risks and benefits 

of imaging with ionising radiation. 

 

This component of the project has been successful in addressing these aims. Although all staff groups 

within the imaging pathway for the pregnant patient are expected to have the required level of 

pertinent understanding of the risks associated with ionising radiation it is clear from analysis and 

discussion of results that there are knowledge and confidence deficits amongst all staff groups, in 

particular front line staff who request imaging who are often the first line of counselling a patient will 

receive. Inaccuracy is seen when estimating radiation dosage from common examinations a pregnant 

patient may need to undertake and estimated risks of cancer induction were often incorrect.  

 

These deficiencies were seen to translate into confidence measures for the staff groups most likely to 

need to engage in radiation counselling with the patient.  

 

Findings did reveal that there is consensus amongst all participant groups that communication of risks 

and benefits is of the upmost importance. It is also evident that staff have an awareness of their 

limited understanding of ionising radiation and the pregnant patient.  

Results also indicated there is varied practice with respect to the communication of benefit-risk 

framing and style. Some responders also indicated that due to deficiencies in knowledge risk 

communication is not always proffered, despite the fact that most referrers seek prior consent.  

 

The findings of this study have indicated that more work is needed to better empower front line 

healthcare professionals to better engage and council pregnant patients when they require radiological 

imaging. These initiatives should ultimately help healthcare staff reassure patients that pursuing an 

appropriately indicated ionising radiation imaging examination will be in the best interest of them and 

their unborn child. 
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3. Gaining insight into the risk perception and understanding of pregnant patients undergoing 

imaging with ionising radiation. 

 

Having utilised quantitative statistical techniques in section 2 of this work to gain insight into the 

healthcare professional’s views, knowledge, competence and confidence in communication of 

radiological risk from ionising radiation it is important to now consider the patient and their 

experience of receiving and processing this information.  

 

Communication is a two way process that is governed cognitively and psychologically by 

understanding and perceptions (Franz et al, 2009). This section of work utilises qualitative techniques 

to describe the pregnant patient’s experience of receiving radiological risk-benefit communication. In 

doing so it is hoped that we may gain insight into how the pregnant patient distils and assimilates the 

information they receive as it passes through their perceptual and contextual filters. 

 

3.1 The rationale for utilising qualitative methods to describe the risk perception of the 

pregnant patient  

 

Quantitative research methods such as those utilised in section two of this work are appropriate when 

general information is sought on opinions, attitudes, views, beliefs or preferences. It is best utilised 

when measurable variables can be defined and linked to form hypotheses before data collection 

(Hammarberg, et al, 2016). 

 

In contrast qualitative methods are often used to answer questions about a participant’s direct 

experience, meaning and perspective of a particular lived event (Narayanasamy, 2002). Questions 

such as these are not typically amenable to definable objective measures and quantitative techniques 

(Vermeire et al, 2007). 

 

Qualitative research may be used to address areas of patient care and affords us the ability to 

understand the individual’s attitude, motives, feelings, demands and relationships with healthcare 

professionals so as to best understand the contextual experience of the patient. Qualitative methods 

often provide a structured framework to both organize and interpret data without losing the richness 

and individuality of the responses and descriptions of said lived experiences. 
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3.1.1 Research philosophy 

 

Ontology is the considered the starting point of research philosophy (McBride et al, 2020). It can be 

understood as a consideration for what kind of world we are investigating (Crotty, 2003)  

 

In addition to ontology any research project takes place within an explicit or implicit philosophy of 

knowledge that is often referred to as epistemology (Boisot and McKelvey, 2010). Epistemology 

encapsulates what knowledge or understanding can be generated about a specific ontological reality. 

 

Finally, there is methodology, which mediates between ontology and epistemology and describes the 

processes that must be taken to generate new understanding about the world.  

 

If the research method utilised within a piece of work is not consistent with the required 

epistemological and ontological considerations, the research results will be limited and superficial 

(Gephart, 2004).  

 

There exist within research philosophy several epistemological frameworks which include positivism 

(Dubé and Paré, 2003), interpretivism (Guba and Lincoln, 1989) and pragmatism (Albert and Couture, 

2014). 

 

3.1.2 Presentation of epistemological frameworks 

 

3.1.2.1 Positivism  

 

Positivism posits the existence of an objective world that can be described in a direct manner 

(Gephart, 2013). Positivism asserts that truth arises from a correlation between a theory and observed 

fact (Boisot and McKelvey, 2010). Within the positivist paradigm reality can be measured, studied, 

and understood via methodologically rigorous studies. Within a positivist reality the results of such 

work are independent of the researcher. Positivist research aims to lead to the generation of testable 

and repeatable results that allow researchers to make predictions or gain understanding about reality.  

 

3.2.1.1 Interpretivism 

 

Interpretivism contrasts positivism and tends toward inductive rather than deductive research. 

Interpretive researchers view reality as socially constructed and are concerned with understanding and 

reconstructing how and why subjects make the decisions they do (Schwandt, 1993).  
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Interpretive research describes a world of power structures and lived experiences. Knowledge of 

reality is attained through social constructions such as language, consciousness and shared meaning 

(Klein and Myers, 1999). Interpretive research attempts to understand phenomena through personal 

elucidation (Orlikowski and Baroudi, 1991). Interpretivism views the generation of knowledge as 

being inseparable from the researcher and subject’s lived experience. 

 

3.1.2.2 Pragmatism 

 

Pragmatism exists between the ontological extremes of positivism and interpretivism (Glasersfeld, 

2001). Consequentially, when it comes to methodology, pragmatics often shows in the application of 

mixed-methods research.  

 

Epistemologically, pragmatism is primarily concerned with knowledge that allows it to enact change 

and believes that this knowledge can only be obtained through action. Pragmatism stresses that ideas 

borrow their meanings from their consequences and their truths from their verification (Goldkuhl, 

2008). Owing to this ideas are essentially instruments of action. Pragmatic research is often focused 

on doing and lends itself towards methods that encourage action and change, such as action research 

and design science.  

 

In order to demonstrate more clearly the differences between these three research philosophies 

McBride et al (2021, p.5) composed a table which summarises the ontological, epistemological and 

methodological leanings of each of the research philosophies described here.  

 

 

Table 19 Table Comparison of Positivism, Interpretivism, and Pragmatism (McBride et al (2021, 

p.5)) 
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3.1.3 Rationale for choice of research approach 

 

Deciding the best methodology to fit the purposes of a study is typically driven by considerations of 

the literature review, the research question, the context of the study and the intended outcome 

(Creswell & Poth, 2018). 

 

A review of the literature pertinent to this study has demonstrated that there is a paucity of knowledge 

regarding the functional and social processes associated with pregnant women constructing risk 

perceptions associated with imaging with ionising radiation. There also appears to be no overarching 

theoretical perspective that explains what is occurring from the pregnant patients’ perspectives.  

 

With the existing gaps in the qualitative evidence, understanding the patients’ experiences of 

receiving complex medical counselling in an acute healthcare setting was the primary research 

question’s focus. Within the epistemological frameworks the domain of interpretative enquiry is most 

suited to describing such complex social processes (Creswell & Poth, 2018). The most widely used 

qualitative research methodologies within the framework of interpretative enquiry are grounded 

theory and phenomenology (Strandmark, 2015). 

 

Both grounded theory and phenomenology approaches can be utilised to explore and understand 

patient’s lived experiences. 

 

Grounded theory approaches utilise systematic and comparative methods of analysis to understand 

patterns of social processes to generate a full descriptive theory (Glaser & Strauss, 1967). This 

methodology takes influence from symbolic interactionism (SI) (Charmaz, 2006). SI asserts that 

reality is symbolically negotiated and interpreted between complex networks of people interacting 

with one another (Blumer, 1969). 

 

Phenomenology can be described as the meaning of the experience from the perspective of those who 

have experienced it (Teherani et al, 2015). There are many different variants of phenomenology and 

each approach is rooted in a different school of philosophy. Indeed one of the constraints of 

employing phenomenology is understanding the broader philosophical schools and assumptions 

necessary for conducting such a study (Burns & Peacock, 2019). In contrast to this grounded theory is 

better suited in studying a phenomenon with little known information (Creswell & Poth, 2018). 

 

The context of this work is communication and understanding the processes that occur amongst 

pregnant patients receiving imaging with ionising radiation and healthcare professionals. It is believed 

that grounded theory methodology will be better placed for understanding the actions and social 
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processes of communication pathways within this complex hospital setting owing in part to SI which 

is often strongly recognised in its effectiveness to exploring and understanding the social complexities 

of care experienced by patients (Charmaz, 2006).  

 

A phenomenological approach may also lead to the development of substantive theory describing 

social processes as experienced by the patients but with no overarching theory within the existing 

literature to illustrate the social processes and related concepts to explain the pregnant patient’s 

experiences the limitations of the phenomenological approach may be too great. As an intended 

outcome, a substantive theory grounded soley from data can fill this gap in current knowledge.  

 

Owing to these considerations it is felt that grounded theory will be more successful than 

phenomenology approaches when considering the pregnant patients experience with radiation 

counselling. 

 

3.2 How best to gain an appreciable understanding of the experience of the pregnant patient? 

 

For this study grounded theory methods were utilised for the building of a theory to describe the 

pregnant patient’s perception and understanding of radiation counselling. 

 

Grounded theories examine behavioural processes (Del Casino and Thien, 2020). It is an examination 

of how people form meanings from events and how they act with themselves and others according to 

these meanings (Blumer, 1969, Eaves, 2001). At its core grounded theory is an examination of 

relationships, networks, and social structures (Charmaz, 2006).  

 

Jacelon and O’Dell (2005) have noted that grounded theory is an excellent method for understanding 

the processes through which patients learn to deal with difficult situations and is well suited to study 

the phenomenon of risk perception. 

  

3.3 Review and justification for use of grounded theory  

 

Grounded theory is a qualitative design frequently used within social sciences. Grounded theory 

focuses on inductive theory development (Denzin & Lincoln, 2005) to utilise specific observations to 

recognise patterns and construct general conclusions. It is “a theoretical interpretation or explanation 

of a delimited problem in a particular area” (Bryant & Charmaz, 2007, p. 610).  

 

Grounded theory was originally developed by Glaser and Strauss (1967).  They believed that theory 

could be generated through the collection and subsequent analysis of qualitative data. Grounded 
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theory uses multiple stages of collecting, refining, reflecting, categorizing and coding the data to 

develop a theoretical interpretation of observational data (Kvale and Brickmann, 2008).  

 

Grounded theory has seen a number of revisions and fragmentations of approach since its initial 

inception however the central tenets of the process remain the same (Eaves, 2001) namely: 

1. Data collection and analysis are simultaneous. 

2. Inquiry is structured by discovery of social and psycho-social processes. 

3. The main purpose is theory discovery, not to verify pre-existing theories. 

 

3.3.1 Data collection and analysis 

 

Within grounded theory raw data is often collected from interview sessions (Bogdan & Biklen, 2006). 

One to one interviews are favoured for grounded theory studies as they provide the opportunity to 

gain an in-depth perspective of other individuals due to their direct interactive nature (Strauss & 

Corbin, 1990) (Glesne and Peshkin, 1992).  

 

Data collection within grounded theory is typically continued until the point of data saturation (Glaser 

& Strauss, 1967). This is usually at the point where new information is no longer being generated 

(Bogdan & Biklen, 2006). So as to ensure the final generated grounded theory is complete it is 

necessary for data saturation to occur to help ensure that adequate information has been gathered to 

accurately reflect the perceptions and opinions of the study’s participants.  

 

Data collection and data analysis occur simultaneously throughout the duration of the study and the 

development of the generated theory (Kolb & Hanley-Maxwell, 2003).  

 

Data analysis within grounded theory is described as the systematic process of filtering and arranging 

information obtained from interview transcripts to increase understanding of the data. Reducing data 

into manageable pieces is an integral component of the grounded theory analysis process (Miles & 

Huberman, 1994). This reducing process is typically referred to as coding (Corbin and Strauss, 2008).  

 

Coding within grounded theory typically involves three levels of analyses: (a) open coding, (b) axial 

coding, and (c) selective coding. 

 

Open coding is the first stage of coding and the process of comparing data and identifying different 

categories and dimensions within the data. Data analysis begins after the first dataset is collected and 

the initial coding process is finished before moving to the next participants data. Unit coding (word-

by-word or line-by-line) begins the process and initial codes are assigned to organize, separate, and 
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compile the data. Some codes may include the actual words of the participants. This style of coding is 

known in vivo coding. These codes may reflect the implicit meanings and experiences of the 

participants. Codes are then compared to the text as well as each other in a more focused coding. At 

this time, codes are condensed into short phrases and clustered into categories according to fit. During 

this process dimensions, or the elements of a category, are also identified (Glaser & Strauss, 1967).   

 

The next step of coding is the axial coding procedure where data are pieced together in new ways 

allowing connections between categories identified during the open coding phase. Within axial coding 

categories are compared to one another and merged into denser categories. Kolb (p.84, 2012) best 

describes the axial coding phase as “… the inductive and deductive thinking process of relating 

categories”. 

 

Strauss and Corbin (1990) further refined axial coding by introducing the concept of a conditional 

matrix as a means to ease the coding process and encourage identification of concepts and constructs 

within the developing grounded theory frame work. This conditional matrix was developed as a set of 

procedures based on action/interaction processes and includes categories of the phenomenon, context, 

conditions, consequences, and strategies (Strauss & Corbin, 1990). The purpose of the conditional 

matrix was to emphasize human actions, social context and conditions, all whilst giving emphasis to 

the participant and their story (Charmaz, 2006). 

 

Corbin and Strauss (2008) defined the final selective stage of coding as the process of identifying the 

core category, systematically connecting it to other subcategories and finally validating those 

connections.  The core category provides an organizing framework for the substantive theory. Other 

categories are then used to explain other areas of the theory.  

 

After finally weaving all of the major categories and subcategories into the core category the grounded 

theory can then finally emerge. An illustration outline of the grounded theory methodology is 

demonstrated in figure 10 (Kmoch et al, 2019, p.5). 
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Figure 10 Overview of grounded theory methodology (Kmoch et al, 2019, p.5) 

 

3.3.2 Constant comparison method 

 

Data collection and analysis techniques are complimented by the constant comparison and theoretical 

sampling techniques. The constant comparative method is utilised by both coding and analysing at the 

same time (Taylor & Bogdan, 1998). Constant comparative methodology incorporates four stages: 

“(1) comparing incidents applicable to each category, (2) integrating categories and their properties, 

(3) delimiting the theory, and (4) writing the theory” (Glaser & Strauss, 1967, p. 105). During the four 

stages of the constant comparative method there is a requirement to iteratively sort through the data, 

analyse and code the information, and strengthen theory generation through the process of further 

selective theoretical sampling.  

Theoretical sampling is the method of selecting additional cases to be studied to gather new insights 

or expand and refine concepts already gained (Taylor and Bogdan, 1998). 

 

3.3.3 Memo writing 

 

Throughout the coding process memo writing is done to provide ideas about the categories. The 

practice of memo writing can be useful to “explicate and fill out categories” (Charmaz, 2006, p. 72). 
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Memos are used to update the needs of the researcher and can be used to shift or focus the direction of 

the analysis (Bowers, 1989).  

 

3.3.4 Justification for the use of grounded theory 

 

Grounded theory offers a way of systematically developing a theory about the phenomena being 

studied. Turner (1983) suggests that grounded theory is particularly well suited to dealing with 

qualitative data of the kind gathered from semi-structured interviews. These particular means of inquiry 

typically generate large amounts of data. The grounded theory approach offers the researcher an 

effective strategy for sifting, reducing and analysing material of this kind. 

 

Grounded theory makes its greatest contribution in areas in which little research has been done 

(Tashakkori & Teddli, 2010). No research has been conducted to date which specifically addresses the 

pregnant patient’s views and experiences of imaging with ionising radiation and radiation risk 

communication. The paucity of research in this field means that many of the variables relevant to the 

concepts of this phenomenon are yet to be identified. Grounded theory methods allow for an approach 

to data collection and theory synthesis that do not require any pre-existing concepts or models of 

communication or risk.   

 

A particular strength of utilising grounded theory is that a documented record of the progress of the 

analysis is generated. Memoing and diagramming are effective methods to journal and record the 

development of theory. It is therefore possible to trace the derivation of any concept or model by 

checking back through the data and memos (Glaser 1998). 

 

One of the aims of this study is to understand the contextual experience of the patient. Grounded 

theory techniques, utilising the coding paradigm afford us the opportunity to explore such 

experiences. The grounded theory processes of inductive, contextual investigation fit with the 

interpretive orientation of this research and its aim of describing the pregnant patients experience 

(Allan, 2003). 

 

3.3.5 Advantages and disadvantages of grounded theory techniques 

 

Grounded theory is often described as a labour-intensive task that requires considerable time and 

effort to analysis and collect data (Strauss & Corbin, 2008). The process of abstracting and 

encompassing concepts is not an easy task and Myers (2009) described it as an exhaustive process 

positing that novice researchers can become overwhelmed at the coding stage.  
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The main advantages of grounded theory are its conceptualization potential and systematic approach 

to data analysis (Myers et al, 2009).  

 

Grounded theory is presented here as the method of choice due to its ability to aid in investigations of 

complex multifaceted phenomena such as risk perception and understanding of communication 

stratagems (Jones and Alony, 2011). 
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3.4 Methodology 

 

3.4.1 Ethical review and subsequent amendments to study protocols 

 

Prior to the initiation of this work an ethics approval application was made via the Integrated 

Research Application System (IRAS) (Appendix F). Ethical approval was obtained by the Health 

Research Authority and Health and Care Research Wales on 03/7/20 (Appendix G). The work was 

also successfully accepted onto the National Institute of Health Research (NIHR) portfolio and was 

deemed eligible for NIHR Clinical Research Network (CRN) support (Appendix H). 

 

Recruitment began immediately after ethical and local Trust Research and Innovation approval was 

granted. Potential participants were identified by review of the South Tyneside and Sunderland NHS 

Foundation Trusts Radiology Information System to identify patients who had received either 

Computed Tomography Pulmonary Angiography (CTPA) or Lung Ventilation Perfusion (VQ) 

imaging for suspected acute pulmonary embolism whilst pregnant. Patients were then contacted via a 

letter of invitation to participate in the work. The letter of invitation contained the purpose of the 

study, confidentiality assurances, and all procedures were explained to participants. Patients were 

offered an Amazon© Gift Voucher to the amount of £15 to compensate them for their time 

commitment. Participants were asked to return all responses via included stamped address envelopes. 

Participation was strictly voluntary. Written informed consent including permission to audiotape via 

telephone was obtained. Initially the work had intended to utilise face to face interview at a location 

convenient for the participant however as the work was performed at the height of the Covid-19 

pandemic the requirement for contact restrictions necessitated a remote solution to interview. Ward et 

al (2015) have previously studied the role of telephone conversations as a medium for acquiring 

patient information and reported favourable results from patients. 

 

Within the first month of recruitment 55 eligible participants were identified. Of these 55 only 4 

responded with a signed letter of consent. A further 40 eligible patients were identified and contacted 

via letter of invitation of which only 5 more responded with a signed letter of consent.  

 

At this stage of recruitment there were concerns regarding potential insufficient sampling as it was felt 

that all eligible participants had been approached for recruitment and consideration of patients who 

had received imaging greater than two years ago may have been problematic due to difficulties 

recalling their experiences within their imaging pathway.  

 

As the local Obstetrics and Gynaecology department at Sunderland Royal Hospital have a strong 

research background and an active team of research midwives it was decided to seek their assistance 

in the recruitment process.  
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An amendment to the original research protocol was written (Appendix I), submitted and accepted by 

the REC on 19/11/20 (Appendix J) which proposed utilising the research midwife team to lead with 

the recruitment phase of the work as per the revised protocol.  

The implementation of this amendment was hugely successful and a further 11 participants were 

recruited to the work via the research midwives. 

 

In total 20 patients were recruited for this study with data saturation occurring for all dimensions of 

the open and axial coding categories.  

 

3.4.2 Demographics 

 

Participants ranged in age from 18 – 36 years of age with gestational ages ranging between 2 and 39 

weeks. No other demographics were recorded for participants unless they volunteered the information 

themselves during the telephone interview.  

 

3.4.3 Sampling strategy 

 

An initial purposive sampling strategy was used to begin the study with a cohort of participants who 

had undergone imaging with ionising radiation whilst pregnant. For the majority of the recruitment 

process it was felt that due to the highly specific nature of the studies research question no significant 

refinements or iterations of sampling strategy were required and purposive sampling was continued 

until saturation of categories was achieved. A small number of selective theoretical sampling 

considerations were considered when gaps in the developing theory emerged and this is discussed in 

more detail in later result sections.  

 

3.4.4 Instruments  

 

The researcher is considered an instrument in the grounded theory process. Their instrumental 

function is data collection and analysis (Mallory, 2001). The researcher conducts the interviews and 

observations as a co-participant so that described phenomenon can be understood from the view of the 

participant.  

 

A semi-structured interview guide (Appendix K) was used to begin the inquiry and elicit statements 

and stories from the research participants. Open-ended broad questions allowed for participants to 

share their own experiences and perceptions. Data collection with simultaneous analysis with 

participants began 03/7/20 and ended 04/2/21.  
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Telephone interview data was audio taped and transcribed verbatim, with coding and analysis 

beginning after the first interview, in accordance with grounded theory methodology.  

Audio data was captured electronically via a telephone pick up coil attached to a phone receiver and 

connected to an electronic transcription device (Olympus DS-9500). The digital files downloaded 

from the transcription device were modified with Wavepad®Audio Editor Software to remove any 

electronic noise (ground loop, hiss) and amplify voice volume within the recording. Transcription was 

performed in-house by a transcriptionist working within the Medical Physics administrative team. 

 

3.4.5 Data storage 

 

Electronic interview data was stored locally on a secure STSFT network folder accessible only to the 

researcher and the transcriptionist. 

 

All participants were identified by a number to de-identify them. Participants who wanted to receive a 

summary of the study’s findings were asked to provide contact information on the consent form. To 

ensure confidentiality participant numbers were kept on a master list in the researcher’s network 

folder within their Trust protected PC. All physically signed consent forms, memos and printed 

transcriptions were stored in a folder in a locked filing cabinet in the researcher’s office. 
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3.4.6 Data analysis 

 

Using the constant comparative method participant interviews were compared between interviews and 

given codes that described the substance of the data (Glaser & Strauss, 1967). Data were reduced 

using line-by-line coding. In vivo coding was also utilised to capture the language and direct 

experience of the participant (Charmaz, 2006). 

 

Initial open coding condensed data into conceptual categories. Comparison of categories was then 

employed to focus the coding and reduce them into only those that were of an appropriate scope and 

relevance to the research aims (Charmaz, 2006). Dimensions and subcategories were considered and 

explored. Memos were used to add content to further explain the analysis and assisted in forming 

hypotheses about the concepts as they developed. The core phenomenon emerged as categories were 

reduced with hypotheses linked into an emerging conceptual framework that explained the problem. 

Comparison between participant’s transcriptions, codes and memos stopped as categories were 

saturated. 

 

Memoing of the emerging framework was utilised to depict the process and assisted with explanation 

of the categories, relationships and processes (Appendix L). Priority was given to in vivo coding 

examples so as to give voice to the participants. 

 

To develop the grounded theory the emerging relationships between the elaborated concepts were 

integrated into an overarching framework with one central core category. This was performed within 

the constraints of a coding paradigm (Strauss and Corbin, 1990).  

 

Once the core category had been identified causal conditions and categories were identified that 

generated general incidents and occurrences of the central phenomenon. Context conditions and 

categories were then explored which would explain the characteristics in which the central 

phenomenon was embedded. Next intervening strategies were examined which would describe the 

broad and general conditions that influence action/interaction strategies. Action/interaction strategies 

directed towards the central phenomenon were then described. The interactional component of these 

strategies is related to the self of the acting person. Action and interactions that were not performed as 

an answer to or to overcome the central phenomenon were also considered. Finally consequences 

within the emergent theory were considered. Consequences can be real or hypothetical for the 

individual and are a direct result of their action response to the central phenomenon (Scott and 

Howell, 2008).
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3.5 Results  

 

The aims of this section are to generate a substantive grounded theory to explain the processes 

individuals use to make sense of benefit risk communication when receiving imaging with ionising 

radiation whilst pregnant.  

 

This section begins with a brief description of a sample interview, followed by discussion to show 

how data was analysed during the theory formation process. The development of the grounded theory 

will be described in the frame work of the coding paradigm with the compounding factors that impede 

or assist a patient to move to a decision of engagement with the clinician explored. 

 

3.5.1 Open coding 

 

An initial cohort of four participants responded with a signed letter of consent. Telephone interviews 

were arranged with these four participants in quick succession over a period of two days. The 

interview topic guide was used to structure the interview and steer the participant towards 

consideration of all aspects of the radiation-risk benefit communication they received. All participants 

names were anonymised and presented with numerical suffixes e.g. participant 01.  

 

A description of the first telephone interview with participant 01 is described below as an illustrative 

account of how interviews were performed. All interviews began with the same open ended question, 

“Cast your mind back to when you had imaging with us whilst pregnant. How did that come to be?”  

 

In response to this opening question the participant described their initial painful symptoms, chest 

pains and a shortness of breath. The participant described how they were “…frightened…” and 

“…anxious…” and “…worried about themselves and the baby.” (Participant 01).  They recounted 

how they attended the Emergency Department by ambulance and had several tests “…to check on 

them and baby.” (Participant 01). When probed about any imaging tests the participant may have 

received, they commented that they had an x ray examination. They did not receive any radiation risk 

benefit communication from a doctor before receiving the x ray test. The participant described how 

they were concerned about the use of x rays whilst pregnant. She raised these concerns with radiology 

staff that “…started talking about stuff I didn’t understand.” (Participant 01).  When probed further by 

what they had said to her she commented that one thing she recalled clearly was that they stated 

several times that ultimately “…there was a very small risk to the baby.” (Participant 01).  The patient 

took comfort from this and commented on how the staff had been attentive to her questions and care. 

Although initially confused by the information they communicated to her she was reassured by the 

competence in dealing with her questions and the manner with which they conducted the examination. 
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After receiving the x ray examination, the participant described how she had a conversation with their 

consultant about the need to have a further lung scan to rule out a blood clot. She described how the 

consultant had stated that there was a very low risk from the procedure. She described how she was 

frustrated by this because there was no description of the actual risk. She felt that the language of the 

consultant was intentionally vague and that “I did feel like he didn’t want to say too much.” 

(Participant 01) and that he was perhaps omitting or concealing information so as to not “…stress us 

out” (Participant 01).  

 

She described what would become a recurring theme amongst all participants of being conflicted 

about receiving any further imaging with radiation. She described how she sought reassurance from 

her husband that she was making the right decision. She was worried that the radiation may negatively 

affect the baby. She stated:  

 

…radiation you know it's obviously safer not to have it but when you need it there's nothing 

you can do but if the risk is small then more people are likely to agree to it. (Participant 01) 

 

At this point of the conversation the focus of the questions shifted to the patient’s prior experiences 

and perceptions of radiation. When asked what she thought about radiation she commented “…it was 

something dangerous.” (Participant 01).  When pressed to describe where this perception came from 

she was not sure.  

 

When it was felt that the patient had recalled everything regarding her experience with imaging and 

ionising radiation she was asked to reflect on the experience and if she had any on-going concerns. 

She commented that she would occasionally think about the hospital visit and recall concerns about 

what had been described to her as “…risks…” and that “I hope I haven't done any damage but then I 

just stop being stupid and I forget about it." (Participant 01).  

 

In total ninety nine codes were generated from this transcription using a mixture of line by line and in 

vivo coding. Three more participants   (compromising the first initial group of consenting 

participants) were then interviewed using the same open ended approach. Each of these transcriptions 

were again coded using line by line and in vivo approaches.  

 

Memo writing between these initial participant interviews and coding sessions aided in identifying the 

consistent temporal narrative of the participants. It was felt that the data was self-sorting itself into 

logical categories based on the linear sequence of events described by the participants i.e. initial 

symptoms, arrival at GP or ED, receiving an x ray and the communication around that, receiving a 
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subsequent CT or lung perfusion scan and the subsequent feelings about that and then finally 

reflection on events and any on-going concerns.  

 

Once all four initial participants had been coded their respective codes were entered into a Microsoft© 

Excel© spread sheet, sorted into rough first draft categories and then compared and contrasted to 

identify similarities and differences to other codes identified and used. This produced a reduced open 

coding list of seventy two codes. All four transcriptions were then reread and coded using this reduced 

coding list to ensure none of the finer granular detail was lost and that the codes remained relevant for 

all four initial participants.  

  

After the second round of recruitment had been performed five consenting participants had been 

identified.  It was decided that the telephone interviews for these participants would be scheduled one 

week apart from each other to allow time for transcription, coding and comparison before moving 

onto the next participant.  

 

During this open coding period all new codes not previously identified by the initial reduced coding 

list were highlighted for inclusion into the developing open code list. It was also at this stage that 

dimensionality of coding was being considered e.g. it was noted that there was a large variety of 

methods used to communicate radiation risk and benefit and that they would all neatly fall under the 

umbrella code of “Radiation risk-benefit communication”. As such when all five of the second round 

of recruited participants had been coded, their new codes were added to the reduced coding list. 

Categories, sub categories and codes were then identified that fit these five participants. This second 

significant iteration of the constant comparison open coding approach was then applied to the initial 

four participants in the study to ensure and demonstrate the robustness of the coding scheme. 

 

This iterative process continued for the next eleven patients that had been recruited. During this open 

coding process it was noted that there was an ever increasing time commitment required to constantly 

compare data as the number of participants increased. As such interviews, transcriptions, coding and 

iterating the open coding list was divided into chunks of three additional participants at a time.  New 

categories or dimensions identified were added at the end of the three participant chunk and then 

reviewed with all previous transcriptions to ensure robustness, appropriateness and validity of coding. 

 

At this stage of memo writing and reflection on the data a number of core categories or phenomenon 

were potentially emerging. There was overwhelming consensus amongst the participants that the 

initial reaction to radiation risk communication was worry and distress. Participants were anxious that 

they were presented with an examination that required a harmful substance (radiation), a potential 

teratogenic risk. This worry was compounded by another majority consensus that the risks and 
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benefits had been poorly explained (or not at all) by the medical staff referring them for their 

examinations.  Another significant phenomenon that was emerging was the patient’s ultimate 

rationalisation that there was a net benefit to the test. This was coded as maternal resolve and was 

present in every participant that was interviewed.  

 

For the last four participants it was noted that no new codes or dimensions to codes were added during 

the open coding process. The categories and subcategories appeared to have converged to a steady 

state condition with no further evidence or data being added that necessitated reiteration. At this stage 

data saturation was declared and no further purposive sampling was performed. A sample of the open 

coding codes, categories and sub categories can be found in Appendix M.  

 

3.5.2 Illustrative examples of the coding process 

 

The following section details examples of how coding of interview transcripts moved from open to 

axial to final incorporation into a full inclusive theory. 

 

3.5.2.1 Open coding examples 

 

Tables 20 and 21 demonstrate excerpts of open codes generated using line by line coding of the 

interview transcripts. Codes in quotations are direct dialogue obtained from the patient.  Comments in 

italics that follow several of the generated open codes were added at the time of coding to aid in 

contextualising the code.   

  



77 

 

Pains (physical)                     

uncertain of aetiology (regarding 

pains)                 

ED referral                     

D-dimer, ECG tests etc.                   

Anxiety (overall with regards pains and having to 

attend ED)             

spoke to 

consultant                     

"safest type of x rays to have when 

pregnant"               

relative risk method, "least harmful" (consultants 

quote)             

Consent                       

x-ray (process)                     

justification                     

concerned (regarding radiation and baby)               

Trusted (the 

consultant)                       

"I'm quite open to just accepting what they tell me is 

best"             

 "I didn't want the x ray but I knew  I needed 

it"               

"PE ultimate 

risk" 
          

          

"it would be a bit worrying but if I didn't and something was to happen it would potentially put us 

both at risk”   

Given private 

room (to 

consider 

counselling)                     

opportunity to think things over, measured               

opportunity to enquire and ask questions               

consented at each stage                   

normal x ray (result)                   

likes to make decisions in person with the 

medic               

leaflet - "would over think things"                 

"Prefer to know the facts and then make the decision"             

internally questioned what the risk 

was                  

Table 20 Open coding excerpts from participant 08 
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pains              

blood clot           

GP referred to hospital          

GP concerned about PE          

x ray communication         

advice spoken quickly - ineffective communication     

No consultant 

conversation         

description of test with radiographers 

(details of specifics of the how the scan 

worked)       

slightly concerned           

"I've always been told you're pregnant you can't have x-rays"   

unsatisfactory response (to patient questioning further 

questioned)   

"Just wanted to get it all over with so my baby could be safe"   

Forced to Trust in staff         

no lead vest - "we find the radiation gets more trapped if we use them" 

concealing information 

(with regards consultant 

and info provided)         

Lung scan            

absolute risk method "certain risks to baby but they were very minor" 

justification method (benefits outweighed risks)      

Didn’t question this 

(advice)         

home commitments (concerned about not being there) 

They knew what was best (they had all the information and I didn’t" 

go with the flow 

(with regards 

consultants 

wishes)           

Table 21 Open coding excerpts from participant 09 
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3.5.2.2 From open to axial coding 

 

Based on the two illustrative examples of the open coding process demonstrated in tables 20 and 21 it 

can be seen how categories could be created to demonstrate links between codes and overlying 

concepts. From the two example open coding excerpts it can be seen that coding of the early portions 

of each interview transcription largely involved discussion of the symptoms that led the patient 

seeking medical assistance.  An axial coding category of Initial Symptoms and Feelings was created 

that encompassed all of the categories and subcategories encountered during transcription coding 

(Table 22).  

 

Initial Symptoms and Feelings 

(*implies extra dimensionality)                 

symptoms* raised heart rate, breathlessness, 

pains* - chest, legs, abdominal, back             

Sought medical advice/help (111, ED attendance, GP) 

Pre-existing conditions* heart 

defect, rheumatoid, enoxaparin                 

frightened                         

anxious                           

medical concern* -  

blood clot, PE, cardiac 

event, DVT                       

Table 22 Axial coding category to group and describe initial patient symptoms and emotions 

 

Throughout the majority of interviews it also became apparent that a large proportion of the 

participant’s description of their experience was reacting to radiation risk benefit communication they 

had received. An initial axial code of Patient Response to Communication was created to capture 

and encapsulate these codes (table 23).  
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Patient response to 

communication                 

Confused * due to ineffective oral 

communication               

maternal worry * (relating to 

self/baby)                     

frightened                      

Anxiety* (relating to 

radiation usage)                       

positive response                     

 "I just feel like he didn’t wanna say too much because I think the way it seemed he thinks that I would have 

refused" 

basic/insufficient risk communication* "felt neglected/ignored”           

Not happy with risk communication but accepting "have I really got a choice?" (links to wider patient 

perspective category) 

teratongic risk concerns* "my concern was obviously the effect of any sort of scan would 

have on baby"     

internally questioned what the risk was (and why were they mentioning 

risk)         

Table 23 Axial coding category to group and describe patient’s response to radiation counselling 

communication 

 

A final example of axial coding was in consideration of statements made by participants relating to 

acceptance of the need to proceed with examination in spite of their concerns there would be possible 

side effects from the use of radiation. This axial code was named Wider Patient Perspective (table 

24) and it was used to group together and consider the emerging idea that participants were 

considering the pros and cons of proceeding with the idea of the imaging test and were rationalising 

the need to undertake the examination.  
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Wider patient perspective                    

 "I didn't want the x ray but I knew  I 

needed it"                     

 "...if I did have a clot it was better to get the scan 

than to be dead",                 

" I was thinking to myself have  I really got a choice because ultimately if I did have a PE then I  

obviously understand  how serious that would have been" 

"it would be a bit worrying but if I didn't and something was to happen 

potentially put us both at risk"           

"PE ultimate risk, not the scan"                       

"You have to make a choice don’t you, you have to decide 

you need to get better"               

"I don't know about these things but I do know that if I was in danger so was 

baby just I had to go with the test"         

"No point being afraid of something that 

might not happen"                   

“I was terrified, they wanted to inject me 

with radiation, they told me some of it might 

go the baby. What the hell do you do in this 

situation. I cried a lot! But once I had a 

moment, once I calmed down I listened to 

what they were telling me, they were telling 

me this was for the benefit of me and baby”          

“I get that it’s needed but I was hesitant. 

Who wouldn’t be? Radiation is bad isn’t it?”           

"…it would be a bit worrying but if I didn't 

and something was to happen it would 

potentially put us both at risk”          

“Forget it. I remember saying that to them. 

Do something else, anything else” (patient 

proceeded to have examination)          

Table 24 Coding category to group and describe patient remarks regarding necessity of proceeding 

with examination 
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The full list of axial codes ultimately generated from constant comparison of all collected interview 

data is demonstrated in table 25.  

 

Initial Symptoms and 

Feelings      

EAU Attendance       

Information leaflet (variation on receipt) 

Information leaflet opinions     

Initial x ray scan/x ray communication   

Patient response to communication   

Wider patient perspective (gained during pathway)  

Engage with risk and benefits 

Concerns for unborn child and self 

Carcinogenesis discussion     

Helplessness   

Lung/CT 

scan/communication     

Carcinogenesis discussion     

Family discussion / support     

Lung/CT 

scan/communication     

Lung/CT communication patient response 

Practical aspects of test     

Covid         

Staff competence       

Self-Research       

Radiation association     

Prophylaxis       

Post scan reflection       

Urgency of scans    

Optimism    

Table 25 Full list of axial codes 
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3.5.2.3 Coding Paradigm Consideration 

 

As previously discussed the utilisation of the coding paradigm was used to fully consider the salient 

components of the overall emergent grounded theory. Whilst considering all of the axial codes and 

their interrelation to each other it was determined that the axial code of Concerns for Unborn Child 

and Self would serve as the models core category whilst the Wider Patient Perspective axial code 

would play a role in direct consequence of this concern and would describe the action/interaction 

strategies of the participant.  Both of these axial codes were prevalent in all participants discourse and 

it intuitively felt like it acted as a natural focal point in the emergent theory that described how 

participants formed action strategies to aid them in their decision to proceed with medical imaging.  

 

Once the decision had been made to utilise these core and action/interactice categories the coding 

paradigm was then further populated with additional axial codes to fully support, develope and 

describe all of the components of the patient’s experience that tied directly to these central assertions.  

 

With reference to table 25 there were a number of axial codes that did not fully align with the 

emergent model of the patient experience and the core category and action/interaction strategies. An 

example of this was the axial code of family discussion / support.  

 

During discussion with participants it was noted that concerns for the unborn child would naturally 

and often times include discussion with close family members with regards how best to proceed. 

However when consideration of how the participant was developing action strategies to get through 

the process it was evident that the maternal resolve needed to make that decision was typically self-

actualised by the participant and the opinion of family members, although welcome did not typically 

play a part in the choice. It was evident from the data that this was a very personal decision. So as to 

emphasize the nature of this decision and the low emphasis families discussion played in the 

formation of the action strategy this category was excluded from the coding paradigm.  

 

Elsewhere a number of other axial codes did not progress into the final emergent grounded theory, for 

example the category for practical aspects of test.  Patients typically described in detail the technical 

procedure steps of having certain scans. It was felt that these codes did not aid in further illuminating 

the central phenomenon or action/interaction strategies of the participant. Likewise elements of 

patient care not related to imaging or discussions related to ionising radiation (Covid, prophylaxis 

treatment etc.) were also excluded as they had little influence on how the patient experienced 

radiation risk-benefit communication or the processes describing or influencing how the participant 

moved from initial concern to engagement with the examination.   
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Other axial codes were rebranded as the model was iterated on to better describe their relation to the 

participant.  For example the axial code of Post Scan Reflection  was altered in the final emergent 

grounded theory to two different codes of Optimism and Modified Maternal Behaviour as it was  

felt that  the phrase post scan reflection was to ambiguous and in general all participants noted 

positive feelings towards the scan after sufficient time had elapsed.  

 

3.5.3 Theoretical sampling 

 

Consideration was also being made to additional avenues of data collection that the data indicated 

may be useful to aid in the description of the participants experience and perceptions. As described 

previously communication is a two way process involving both the patient and the healthcare 

professional. It was felt that the cross sectional study described within section 2 of this work was 

sufficient to address the rational for the behaviour of the healthcare professional in their 

communication with the patient. It was also felt that owing to the strict time constraints for the work 

extending the interview schedule to include consultants would overextend the initial research question 

and the patient focused element of the research aims.  

 

When considering further theoretical sampling of patients it become apparent that the datasets were 

lacking lived experiences of a patient who decided not to have imaging with ionising radiation. On 

reflection it is evident that the data is slightly impeded by selection bias owing to sampling of patients 

who decided to have imaging with ionising radiation.  It is known that a cohort of patients exists who 

would have received counselling in the use of ionising radiation who ultimately decided not to 

proceed with imaging. Six individuals were identified through review of clinical notes and assistance 

of specialist registrars within the Obstetrics and Gynaecology department however no responses were 

received following invitation to participate in the work.  

 

3.5.4 Axial coding, the coding paradigm and the emergence of the grounded theory 

 

To develop the grounded theory the emerging relationships between the elaborated concepts were 

integrated into an overarching framework with the core phenomenon of the pregnant patients 

manifested fears and anxieties forming the central hub of the model.  

 

The final open coding compendium resulted in sixteen categories, sixty two sub categories and over 

one hundred individual codes. So as to “…strategically reassemble data that were ‘split’ or ‘fractured” 

during the open coding process” (Strauss & Corbin, 1998, p. 124) a review of all of the codes and 

categories was performed. Codes that did not address the studies research aims were removed.  The 

remaining best representative codes were subsequently selected. So as to keep the model patient 
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focused and ground the theory in the participants own voice and direct experience the majority of 

codes that were kept were in-vivo in nature.  

 

Codes and categories were next iteratively sorted, filtered and assigned to the coding paradigm 

elements of causal conditions, central phenomenon, context, intervening conditions, action/interaction 

strategy and consequences and the relationships between these elements explored.  

 

So as to best visualise and identify connections between categories and codes several iterations of 

diagramming were produced. Strauss and Corbin (1998) defined diagrams in relation to grounded 

theory as “visual devices that depict the relationships among concepts” (p. 217). Thus, diagrams are 

needed to link concepts graphically with the different elements of the coding paradigm (Vollstedt et 

al, 2019).  

 

An example of this initial diagramming process is presented in figure 11. Other memo examples of 

this diagramming process and iterations in the developing model can be found in Appendix N.  

 

Continual memoing, diagramming and consideration of the categories and how their conceptual 

abstractions linked to the processes within the conditional matrix were performed until a theory was 

fully developed which considered all of the salient information generated from the open and axial 

coding processes 
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Figure 11 Example of the diagramming process 

 

.



87 

 

 

 

Figure 12 The emergent grounded theory
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3.5.5 The emergent grounded theory 

 

The grounded theory to describe how patients within this study perceived radiation risk-benefit 

communication, the intervening conditions and context which affect that perception and strategies 

elicited by the participants to rationalise and address those perceptions are presented within figure 12.  

 

3.5.5.1 General theory overview 

 

The central phenomenon identified within this study and core to all participants were that of concerns 

for unborn baby and self and a feeling of helplessness. These two phenomenon covered a broad 

spectrum of intensities from minor to severe and were broadly linked to the context of the individual’s 

hospital attendance, counselling they received from healthcare professionals regarding the risks and 

benefits of imaging procedures, their previous experiences and knowledge of x-rays and ionising 

radiation as well as the perceived power dynamic between themselves and the healthcare professional. 

 

The emergence of the central phenomenon of concern and helplessness are causally linked to the 

individual being told they are to receive imaging with ionising radiation and the quality of the 

counselling (or lack thereof) that they received. These negative feelings are likely to manifest in 

parallel with anxieties already present owing to the symptoms the patient presented to hospital with. 

 

Of significant interest to the work is the emergence of the action/interaction strategies exhibited by 

participants. There was a categorical resolve within all participants to ultimately proceed with the 

imaging as it represented the best interests of both them and their unborn child. The route to making 

the decision to proceed with imaging was not standard. A wide spectrum of journeys were described 

by participants which were influenced by the quality of the interactions and discussions participants 

had with healthcare professionals as well as the participant’s ability to assimilate and understand the 

context with which the imaging played in their care pathway. 

 

For all participants there were no long standing concerns regarding the use of imaging with ionising 

radiation to themselves or their child.  

 

For ease of understanding the full theory is presented as a linear flow within the established 

framework of the conditional matrix (figure 12) however in reality the interactions between categories 

is complex and some overlap of categories is inherent to the patient experience.  The established 

theory (salient categories and their respective dimensions) is described in depth in the following 

sections.  
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3.5.5.1.1 Causal conditions 

 

Two causal conditions were identified that ultimately lead to the emergence of the identified central 

phenomenon of Concerns for Unborn Baby and Self, namely, Imaging with Ionising Radiation and 

perhaps more importantly Radiation Risk-Benefit Communication.   

 

Imaging with ionising radiation 

 

This work dealt primarily with patients under the care of the thromboembolic treatment pathway and 

as such all patients described receiving the established imaging within this pathway. Imaging within 

this pathway consists of chest x-ray imaging to determine if there were any gross anatomical features 

which may explain the patient’s conditions followed by progression to either a lung VQ scan within 

the Medical Physics department or a CTPA scan within the radiology department if the findings of the 

chest x ray are negative.  

 

Radiation risk-benefit communication 

 

Contained within the category of radiation risk-benefit communication are the subcategories of 

examination choice, risk-benefit model and carcinogenesis discussion. 

 

Examination choice 

 

Five of the twenty participants noted that they were given a choice of a lung VQ or CT imaging. One 

participant recalled they were advised by a healthcare professional that “…there are two types of scan 

you can have, one increases your risk of breast cancer and the other one increases risk of cancer to the 

baby." (Participant 04). The participant could not recall which of the two imaging procedures related 

to which risk. Whilst the information offered by the health care professional is not inherently incorrect 

it is a gross simplification of radiation dose, risk and effect to the individual and is framed in a way 

that is not recommended by current established practice (Verdun, 2008).  

 

All five patients that received the offer to choose the scan of their preference recalled negative 

feelings towards this proposition. One patient noted that “…I was upset to be having to make a 

doctors decision.” (Participant 10) whilst another patient commented on the “…emotional 

dilemma….” (Participant 13) of having to make a choice between her risk and the risk to her unborn 

baby. This patient recalled how she made the decision to choose to have the scan that resulted in less 

risk to herself and noted “I actually was very upset about making the decision, whether or not to have 

one and then the decision of well do I put myself at an increased risk of breast cancer or do I go for 

the one that has a slightly increased risk to the baby that I'm gonna have" (Participant 13). The 
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participant later noted that she had “…been plagued with guilt about it for a long time.” (Participant 

13).  

A similar experience of facing the decision to choose between two unknown examinations whilst 

already in a vulnerable state was noted by Participant 02 who stated that 

 

I was breathless, I was in pain, they were telling me that the baby was likely stressed as well. It’s funny 

thinking about it, I was in pain, I could barely speak and they were just looking at me waiting for an 

answer. I just thought, I’m the one that’s ill, you make the decision. If I need to choose what are you 

here for! 

 

Risk-benefit model 

 

This sub category is a large contributing component to the observed negative emotions experiences in 

the central phenomenon. Based on responses received from participants there is no apparent 

consensus approach from health care professionals in how risk-benefit communication is delivered 

and a large majority of participants received multiple models of description during their 

communication with their consultant.  

 

This subcategory is comprised of six core dimensions, namely 

 

i) No communication 

ii) Paternal model of risk communication 

iii) Justification model of communication 

iv) Absolute risk model of communication 

v) Coercion/controversial risk communication 

vi) Risk comparison model of communication.  

 

Four participants described receiving the paternal model of risk communication. This is recognised 

model of risk communication (Godolphin, 2003) wherein patients are guided to a decision because the 

healthcare professional deems it the most appropriate course of action. One participants recalled: 

  

…he basically said that there was risks and it needed doing and he would feel happier if I had it. and if 

you were my wife, sister, daughter I’d tell you have to have the scan (Participant 06).  

 

Four participants described receiving the justification model of risk communication which was 

described by participants as "…the benefit outweighed the risk because I needed it…" (Participant 07) 

and the "…risk of clots exceeds risk of exam." (Participant 02). 
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Five participants described the absolute risk model of communication. Responses included “… I can't 

remember exactly, but they said there was so many percentage of...it's very rare for anything to 

happen to baby.” (Participant 12) and "… there were minimal risks to the baby and myself." 

(Participant 15). 

 

Twelve participants described the risk comparison model of communication which is typified by 

comparing risk to quantities known by the patient. Participants referred to the risk communication 

they received as "…much more safe for a pregnant woman than any other x-ray examination." 

(Participant 05) and the "…same as flight to America…" (Participant 09). One participant noted that 

their consultant described the risk as the same as “…driving up the motorway for a few hours.” 

(Participant 01).  

 

One participant described receiving no risk-benefit communication for any aspect of imaging 

received. 

 

A further four participants received information that was of questionable scientific validity and these 

have been coined coercion/controversial methods of risk communication. Participants recalled being 

counselled that there was "…no risk to baby. (Participant 02), "…x rays wouldn’t be harmful to baby 

or me." (Participant 11), "…they said it was safe and stuff for the baby…" (Participant 10), "…safe 

don't be concerned…" (Participant 13), "…won't harm baby because of where x-rays are…" 

(Participant 05), "…we have women who have these scans all the time" (Participant 06). 

 

These particular descriptions of risk-benefit communication received by participants within the study 

are in direct contradiction to the currently recognised and accepted linear no threshold model for 

stochastic dose effects as defined by the International Commission on Radiological Protection (ICRP, 

2021) which states there is no safe level of radiation exposure. 
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Carcinogenesis discussion 

 

There was one commonality to the large variation in risk-benefit communication styles participants 

received.  The majority of the models of communication utilised by staff and received by the 

participants lacked any great detail or depth regarding the cancer risk posed to mother and child. 

Whilst it is acknowledged that the majority of participants were informed there were risks only five of 

the twenty participants were informed that the risks were actually due to potential carcinogenic effects 

of the radiation exposure. The remaining fifteen participants were simply informed there was a risk 

with no further explanation as to what that risk was. This had the effect of causing confusion for a 

number of participants. Participant 01 noted: 

  

She kept saying the risk was low, don’t worry the risk is low. Eventually I’d had enough of that and I 

bluntly asked what risk was. She said the risk was harm to baby. That didn’t really help me. I wanted to 

ask what harm to baby but at this point I’d already been waiting in the ED department for four hours 

and was exhausted. I gave up and just got on with it.   

 

For the five patients informed of the potential for carcinogenesis the style of carcinogenesis 

communication followed closely with the aforementioned risk-benefit models of communication. The 

majority of these risks were described in absolute, non-numerical terms. Participants recalled being 

counselled ... there is a small percentage of cancer in babies."(Participant 14), and a "…very small 

risk of baby having cancer or being born with cancer." (Participant 17).  

 

One participant who did not receive any information on carcinogenic effects recalled: 

 

…just that it would affect the baby slightly but he basically said anything to do with pregnancy and 

radiation there’s a risk all over so it was kind of just, it needs doing. (Participant 11) 

 

Another participant remarked: 

 

I think at one point I said what risks but thinking back I can't remember what he said but all his 

answers were just basic if you know what I mean, like as if he didn’t want to go into too much detail, I 

think he thought I'd be frightened (Participant 02). 

 

Of concern is the recollection of one participant who noted being counselled that there was a 

"…higher chance of miscarriage with CT because of radiation." (Participant 18). This statement 

appears to be a gross misunderstanding of the effects of the levels of radiation used for diagnostic 

imaging and is at odds with national guidance from the The Society and College of Radiographers 
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(2019) who posit there is no evidence to suggest deterministic effects from radiation would be 

expected for doses <50 mGy.  

 

It is evident from all participants that all models of risk-benefit communicated to patients lacked detail 

and were of superficial depth. It is recognised that recollection of exact figures and numbers and 

details may be difficult for a participant so some detail may be lost in the patient’s recollection. 

Whilst noting this possible weakness there is supporting evidence from the  cross sectional work from 

this study that healthcare professionals who refer patients for examinations with ionising radiation 

have overall poor scores in knowledge and confidence in delivering radiation communication.  

 

The overall lack of clear descriptions of risk and superficial descriptions of the hazards posed by 

imaging with ionising radiation ultimately had demonstrable negative emotional impacts for the 

studies participants and these states are described in detail in the following sections. 

 

3.5.5.1.2 Central phenomenon 

 

Two main categories of central phenomenon were identified arising from the previously described 

causal conditions, namely concerns for unborn child and self, and helplessness. 

 

Concerns for unborn child and self  

 

Seventeen of the study participants described some degree of initial negative response immediately 

following receipt of their risk-benefit communication. Within these negative responses a full spectrum 

of intensity of experience was demonstrated.  

 

Fifteen of the participants used words or word variants associated with anxiety, nervousness or fear at 

the prospect of having imaging with radiation whilst pregnant. Participant 20 noted “I was scared. My 

husband was at work and my mum had the other kids. I was on my own. I was sick and ill and I felt 

like I was in a science class with what he was saying. He wasn’t making sense. I didn’t want any 

radiation and he wasn’t listening.” 

 

Participant 07 noted: 

 

The poor lass that talked to me! She was lovely but I was a mess. I was 40 weeks pregnant and ready to 

burst. My heart felt like it was going to explode. My sides were killing me. She’d already said I might 

have a blood clot and that was enough to set me off. Then she was talking about x-rays and breathing in 

radiation. I couldn’t explain it at the time but that really set me off. You know that felling when you’re 

anxious about a test or something and you’re on edge. It was like that times 1000. (Participant 07). 
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Eight participants recalled crying in response to being told they needed imaging with radiation. 

 

Participant 04 noted: 

 

I was crying when they took me into the room for the scan. There were two of them in the room who 

did my scan. They were great. They made sure I was comfy and talked me through it. I can’t even 

remember their faces. I was crying so much that my sight was blurry. I kept apologising and they 

reassured me that it was fine and that everything would be ok. I must have seemed like a mad woman. 

I’m getting misty eyed just thinking about it now, it’s all coming back. I was so scared.  

 

Participants partially or wholly attributed these reactions to not knowing or being uncertain of the 

consequences to themselves or baby of having an imaging examination with radiation. One participant 

recalled asking their consultant “What’s going to happen to me and baby?” (Participant 03). Another 

participant stated “I’m happy to do what is best for me and baby but it didn’t make sense. What was 

the risk? It was all so vague. Like they were hiding something. It’s funny you know, I was getting all 

paranoid!” (Participant 19) 

 

Five participants noted quite extreme reactions to the risk communication which were categorised as 

threatening feelings.  One participant of note confided during their interview that they recalled 

thinking “…this is going to kill my baby.” (Participant 08). 

Other direct examples of a similar sentiment from participants were "I'm going to have this x-ray and 

it's going to damage my baby." (Participant 11) and “…as soon as I heard cancer of baby I was like, 

no I’m not having it.” (Participant 06). This participant later described asking her doctor if she was 

“…going to lose my baby?” (Participant 06). 

 

Such reactions appears to have a grounding in attributing and confusing the concept of risk with direct 

harm. For these participants there is a direct correlation between the degree of negative emotions and 

receiving minimum levels of counselling which suggests an element of ineffective communication. 

Other confounding elements which intensify these reactions are the intervening conditions of Pre-

existing Radiation Bias which will be discussed later sections.  

 

It should be highlighted that there was a broad spectrum of anxiety responses received from 

participants. Although select cases have been described here that emphasis the extreme range of 

emotional responses a large number of participants noted mild/moderate concerns and anxieties at the 

prospect of receiving imaging with radiation.  
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An example of one of these moderate responses is from Participant 10 who stated: 

 

I was nervous. Who wouldn’t be? It wasn’t my plan when I got up that morning to be stuck in A&E. 

Everything about the pregnancy up to that point had been fine. No issues, nothing. And then suddenly 

I’m being ushered around departments and it’s all a bit stress full. I had questions and they tried to 

answer them. I’ve had x-rays in the past so I wasn’t too concerned. I know you’re meant to avoid them 

if you’re pregnant but the person taking the pictures said they made exceptions for patients like me. I 

figured they must have worked it all out, it wasn’t ideal and it did stress me a little but they must have 

known best.  

 

It was clear from speaking to participants that their primary concern for their baby amplified their 

concerns regarding their perception of risks and hazards from ionising radiation.  

 

These acute stress responses ultimately manifested in an initial aversion to accepting or proceeding 

with any imaging for six of the nineteen participants. This was further categorised as a feeling of 

Helplessness for the participants who were faced with a difficult dilemma of proceeding with an 

investigation that came with an inherent risk and maybe unsafe for them and baby. Comments such as 

"…this is out of my control…" (Participant 06), "I told them I didn't want it." (Participant 11), and “I 

was thinking to myself have I really got a choice?” (Participant 8), were common for this sub group of 

participants.  

 

For one participant the stress response was so great that she felt she was no longer receptive to any 

further counselling or placation. She stated:  

 

…no words, even if me mam, me partner were talking to us, there….there were no words to change me 

from thinking this is going to kill me baby. (Participant 14) 

 

The time period over which participants experienced these negative emotional states was variable. 

Eleven of the participants acknowledged that these negative feelings were only experienced for a brief 

duration immediately after receiving risk-benefit counselling. These patients typically received their 

imaging scans directly after receiving their counselling and by moving onto the next phase of their 

care pathway – potential prophylaxis medication and subsequent discharge, the episode of concern 

was quickly moved on from. For other participants they described how their concerns lasted for a 

period of days whilst waiting for their scan (potentially due to needing to wait over a weekend).  

 

This concept of intrinsically linking the duration of their heightened anxiety with the duration of their 

care is a concept that is explored further in the section describing context.  
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3.5.5.1.3 Action/Interaction strategy 

 

Two broad and interconnected categories were identified to describe the action/interaction strategy 

developed by the participants to handle or overcome the central phenomenon of concerns for their 

unborn child and self and their feeling of helplessness, namely consideration of the wider risk 

perspective and maternal resolve and conviction.  

 

These actions required the participant to assimilate and engage with their own perception of the risk 

discussed with them during their counselling.  Owing to the variable and sometime incorrect means 

utilised by healthcare professionals to convey and frame this risk these coping processes created by 

the participants sometimes required significant effort from the participant to rationalise their concern 

and accept that imaging was required.  

 

The two categories of consideration of the wider risk perspective and maternal resolve and conviction 

were found in all 20 of the research participants. All patients described and recounted a process of 

moving from various degrees of initial fear, hesitation and trepidation when considering the risks to 

eventually moving on to consideration of the benefit’s side of the risk-benefit continuum. Participants 

in general commented to the effect "I didn't want the x-ray but I knew I needed it." (Participant 03). 

 

One participant having described her final acceptance of needing imaging rather succinctly stated"…if 

I did have a clot it was better to get the scan than to be dead." (Participant 19). 

 

Another (Participant 20) stated: 

 

…they gave me some time. I think they could tell that I needed it. It felt like a million years but it was 

probably only a couple of minutes. I didn’t dare Google it because that never comes back with positive 

stuff. I told myself this whole thing would be over soon and I’d be home. I told myself they wouldn’t 

put me or baby in danger. I told myself let’s do this test. Whatever it takes. I don’t want this (hospital 

visit) to continue anymore. This is just a road bump to me getting better for everyone (her and baby).  

 

All participants noted a cognitive movement from a focus on the initial fear at the descriptions of the 

risks they received to assimilation and acceptance of said fear and finally consideration and 

acceptance of the net benefits present from having the imaging examinations. The length and 

tortuosity of this path varied depending on the magnitude of the concerns and feelings which 

manifested following the risk-benefit communication. For some participants the path from initial 

minor concern to ready acceptance of the benefits was brief and simple.  
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There was also significant correlation between participants who demonstrated this ease of transition 

and a strong belief and trust in the patient/doctor relationship/dynamic.  

 

Participant 13 stated:  

 

Yes I was concerned. You know I’d given up cheese for 8 months because of the risk! Now they 

wanted to put radiation into me. It didn’t feel right but I trusted them. What other choice did I have. I 

wasn’t exactly happy about it but I consented because it was needed.   

 

For others the path was more arduous. Four of the twenty participants described prolonged discourse 

with clinicians and family before accepting the benefit of having the imaging procedures.   

 

One participant noted: 

 

I didn’t want it, you can ask me partner….. I said to him I didn’t want it and even he, I’m sure he was 

like, you’re not having it,  because he has very basic knowledge of medical stuff, he hasn’t got a clue 

so as soon as he heard like cancer of baby he was like you’re not having it, tough, but then I think the 

more he come to realise what it meant, having a clot in your lung, he was like well you need it, but at 

first we were both like, don’t want it, not having it. I’ll do it after the babies born but then I’m sure 

somebody said if you wait that long something could happen if you’ve got a clot and you wait. 

(Participant 02) 

 

It is important to note that transition through the path from fear and anxiety to acceptance of benefit 

did not obviate all of the initial fear that was present for all participants. Two participants noted that 

similar reactions of having “…cried continually throughout the scan.” (Participant 19). 

 

To rationalise their assimilation of risk and benefit and the acceptance of proceeding with the 

radiation examination fifteen of the twenty participants described what has been termed the category 

of Maternal Resolve. This resolve was used to justify to themselves an embracing of the inherent risk 

so as to gain the benefit to baby. Participant 08 succinctly captured this concept when stating “…it 

was be a bit worrying but if I didn't [have the scan] and something was to happen it would potentially 

put us both at risk." (Participant 08). 

 

Participant 04 shared a similar sentiment and stated: 

 

… I eventually got it, I really did. Risk and benefits and how benefits outweighed risk. I got it, I’m not 

stupid and I get that it wasn’t complicated but my situation was complicated. It was complicated by my 
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health at the time, by my concerns about the baby. I was making a decision for them more than me. I 

owed it to them to fully consider it.  

 

To support this concept of embracing risk to gain benefit seventeen of the twenty participants 

discussed topics around risk and pregnancy which were coded as selfless. In general participants 

demonstrated protective qualities and readily signalled an ability to navigate through the mental 

process of assimilating risk and benefit and understanding the wider ramifications and underlying 

justifications for proceeding with a risky decision. As one participant concluded during the end of 

their telephone interview “…everything’s a risk isn’t it?” (Participant 17). 

 

Participant 07 also noted: 

 

At the time it’s very rabbit in the headlights. Things are coming at you fast. You can only do so much 

at any time and your emotions kinda dominate your decisions. Then you slowly rationalise. I can see 

how that would be different for everyone. I think for your work and what you want to do you need tell 

the doctors to give us some time to get to where we need to be to make a rational decision.  

 

For all participants this engagement with risk and maternal resolve empowered them to accept the 

need to have the imaging with ionising radiation and readily engage with their care. 

 

3.5.5.1.4 Consequences 

 

The action-interaction strategies that are performed as a mechanism to overcome the central 

phenomenon often leads to results and consequences. When participants were asked to reflect on their 

experiences the two main categories that emerged for consequences of the action-interaction strategy 

were Optimism and Modified Maternal Behaviour.   

 

The central phenomenon of initial fear and trepidation did not linger for participants. Sixteen of the 

twenty participants noted that they had no remaining concerns regarding any long term complications 

that may arise from receiving imaging with radiation.  
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Participant 15 succinctly captured this idea by stating: 

 

How long ago did I have that scan? Must be 11 months ago. That’s all in the past now. What’s done is 

done. I have my hands full with one year old! It would be mad to continue to dwell on it wouldn’t it. 

I’m glad I had it (the scan) and that’s enough for me.  

 

The central phenomenon elicited by participants represents an apparent acute stress event anchored in 

that specific time period and for the majority of participants is not something that is readily 

remembered or dwelt on in their daily lives as busy mothers to new born children.  One participant 

noted "I hope I haven't done any damage but then I just stop and think stop being stupid and forget it." 

(Participant 02). Another participant was more forgiving of their decision to proceed with imaging 

stating "… the baby is fine I don't have any concerns." (Participant 19). 

 

Participants used words or word variants associated with optimism when describing how they now 

felt. Participant 03 noted that “…I have a healthy baby, there was no harm, I’m just enjoying my time 

with him”.  

 

Participants were readily embracing motherhood and attributed all of those fears and apprehensions as 

in the past with the focus now on caring for their child. With the benefit of hindsight and distance 

there appears to be no inclination to hold onto abstract and difficult concepts such as risks posed by 

the use of ionising radiation.  Participant 06 described this well when they stated:  

 

At the time it was the biggest deal in the world. The immediacy of it and the potential magnitude of this 

(health event) being a PE were overwhelming. Of course it was. Now it’s just a thing that happened 

that I don’t think about. Haven’t got the time and anyways what would be the point. We can’t linger on 

those things can we? 

 

Four of the participants that were interviewed noted that the event facilitated changes to how they 

were now raising their child. This category has been coined modified maternal behaviour.  

 

Participant 8 best described this sentiment best for these participants when they stated:  

 

I needed to offset the risks. It feels silly and I’m sure you must think I am but if these risks are now 

present and can possibly affect them (the baby) in the future then I need to do things now to reduce the 

chances of them happening. Little things like diet, exercise. I think about them more now, probably 

more than I would if I had not performed had the exam. I don’t go to overboard with it but it can’t hurt 

to want to reduce risk right? 
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These participants demonstrated the same inclination as the other participants to describe their focus 

now on optimism for the future but they expanded on this by describing how they had made the 

decision to further alter their behaviours to offset any potential risk from the imaging procedure. All 

four of these participants noted that they were now breastfeeding, something they had not initially 

considered but felt it was now needed to potentially offset any deleterious effects from the use of 

ionising radiation.  

 

3.5.5.1.5 Context 

 

Two broad categories were identified to describe the context and conditions in which the 

action/interaction strategies demonstrated by participants within this study can develop. These 

categories were named Patient/Doctor power dynamics and urgency of scans.   

 

It is important to recognise the asymmetric relationship between patient and doctor. As one participant 

succinctly described it “…they had all the information and I didn’t.” (Participant 03).  

 

Another participant recounted: 

 

It’s an odd situation to be in. They kept offering me these two different exams and asking me to make 

the choice. I didn’t know why. They were the doctor, I expected them to know the answer, to help me. I 

think they felt like if they made me make the decision they wouldn’t get in trouble. They seemed so 

rushed, and I felt like I didn’t want to waste their time. I should have stood up for myself more. They 

were in change but they weren’t in charge. Does that make sense? They didn’t want to make the 

decision (regarding the exam) but I felt I didn’t really have a say in what happened either. It was 

frustrating. (Participant 19). 

 

Banerjee and Sanyal (2012) described the patient-doctor relationship as the determinants of 

concordance, trust, and enablement. Concordance is of particular importance for this work as it 

denotes an ‘agreement’ between doctor and patient. 

 

When reviewing the participants from this study through the lens of concordance it is evident that 

there were some levels of deficiency. Of the twenty participants that were interviewed only two 

described minimal levels of anxiety and fear at the discussion of radiation. These two participants also 

described themselves and their journey from anxiety to acceptance as “…going with the flow.” 

(Participant 19) and “…the doctor knows what they are doing, if it was bad they wouldn’t put me 

through it would they?” (Participant 16). These responses resonate well with the dimension of 

concordance. 
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For participants that had a more pronounced aversion to radiation use the dimensions of trust and 

concordance appear to have broken down.  Due to the often ineffective radiation risk communication 

towards patients from the doctor there was a disconnection preventing patients from trusting the 

clinician and their judgement.  

 

Participant 19 noted: 

 

I’ve spoken a lot about the doctor asking me to make the decision to choose the scan and the type of 

radiation. I was asking questions and it felt like I should have just accepted their explanation and 

known what to do. I really did begin to think that they maybe weren’t sure themselves. And then I got 

to thinking if they don’t know how good can this (the examination) be? 

 

All participants readily recognised the asymmetric relationship of being seen by a doctor and the 

unequal power dynamic therein. Participants wanted to place their trust in the healthcare professional 

and believe that they had their best interests at heart. However due to the information that was 

communicated to them the patient was often left wanting more than the doctors had the capacity or 

ability to deliver. 

 

In some instances this led to participants doubting the reliability of what they were being told. Three 

participants noted that they had increased suspicion of the healthcare professional following their 

radiation counselling. One participant appropriately captured the sentiment when they stated “…I felt 

like he was being intentionally vague. I felt like he knew more than he was letting on, like he was 

afraid to scare me.” (Participant 02). 

 

Healthcare professional’s behaviours such as this can perhaps be explained by the concept of mixed 

motive scenarios (Haesevoets et al, 2015). Such scenarios can arise in healthcare when the clinician 

has competing priorities, such as the need to fully disclose all of the risks associated with a procedure 

whilst also requiring said procedure to occur so the patient can be treated if needed. In circumstances 

such as this it can be seen that effective skills and competence in communication of both risks and 

benefits of ionising radiation may alleviate some of these mixed motives as the clinician will readily 

possess the competence required to convey that the benefits outweigh the risks. 

 

It should also be noted that participants may be unlikely to voice their concerns due to the asymmetric 

power dynamic. A participant recalled “I regret not asking questions in that situation as a pregnant 

lady, feeling really emotional and scared, I didn’t ask questions that I would normally ask or 

challenge things.” (Participant 17). 
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When viewing the findings of the patient/doctor power dynamic in their context of forming the 

environment in which action/interaction strategies are constructed it can be seen that the relationship 

between doctor and patient is of the upmost importance in ensuring a smooth transition for the patient 

in their path to acceptance of the imaging procedure.  

 

Urgency of scans 

 

Nine of the twenty participants noted that due to the urgency of their condition and the rapid 

progression and movement through various department they felt it was difficult to question or inform 

themselves in such a way that they could reach the concordance with their doctor regarding their care 

pathway. This was typified by a participant stating "…if given the time I may have asked more 

questions but I kept getting moved about" (Participant 10). This rapid transition of the participant 

from one department and test to the next was a source of heightened anxiety for some participants. 

This urgency translated into defining the context of their hospital experience and further exasperated 

some of their negative emotions. 
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Participant 03 noted:  

 

It was all a blur. You’re not really told much about when things happen and before you know it you’re 

in a wheelchair being portered to the next department. I think I went  to four departments in total. I 

didn’t know where I was. Everyone was saying different things and you just get swept up in it. I was 

talking to people about lots of different things but because everyone was so busy it felt like they were 

just going through the motions. I don’t know if anyone was really listening to me or what I wanted to 

talk about.  

 

Participants who noted strong negative emotional responses at not having the time or opportunity to 

engage in discussions with health care professionals had strong correlations with feelings of being 

poorly informed of the risks and benefits associated with their imaging tests.  

 

These findings highlight the importance of the brief time period the healthcare professional has to 

discuss and council the patient and how important succinct, understandable discussions can be in 

reducing anxiety for the patient.  

 

3.5.4.1.6 Intervening conditions 

 

Intervening strategies or conditions are the broad and general conditions that influence 

action/interaction strategies. The categories of self-research, previous experiences/biases with 

radiation and initial symptoms and feelings were identified as the pertinent and important conditions 

that played a role in formation of the participant’s action/interaction strategy. These intervening 

conditions formed complex interactions with the central phenomenon and both negative and 

beneficial effects were observed amongst the participants. 
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Initial symptoms and feelings 

 

All participants noted their acute initial indications for attending the Emergency Department or GP 

practice were a combination of tachycardia, haemoptysis, breathlessness, or acute pains in their chest, 

legs, abdomen or back.  

 

Participant 06 noted: 

 

I was alright with the pregnancy up until I wasn’t! It all happened quite suddenly. I just couldn’t 

breathe properly. My chest was in agony. It was quite scary. I was heavily pregnant at the time and that 

certainly didn’t help. I panicked a little as I had never experienced that before. I had no idea if it was to 

do with the baby. 

 

All of the participants noted that until they experienced these conditions they and their pregnancy to 

date had been healthy and all participants noted they were in general good physical fitness.   

 

Experience of these conditions whilst pregnant elicited initial worries, fears and anxieties in the 

participant before any discussion of risks from ionising radiation and imaging had even entered the 

participant’s consideration. These conditions left some of the participants unable to speak properly 

due to their level of breathlessness which further frustrated their ability to articulate and challenge or 

ask questions of the healthcare professionals who were counselling them regarding their care.  

 

Participant 01 noted:  

 

I was lying down on my back (in ED department) and I had a mask on. Because of the way I was lying 

there was a lot of weight on my chest. Ya it made speaking hard. He was talking about stuff (the 

doctor) and I couldn’t respond.   

 

The experiencing of these symptoms and their impact on the emotional state of the participant split 

the participant group into one of two different coping strategies when the further consideration of 

imaging with ionising radiation was presented to them.  

 

Nine of the twenty participants noted that the debilitating effect of their initial symptoms likely 

accelerated their acceptance and engagement with the need for imaging. The consensus amongst this 

subgroup of participants was succinctly captured by a participant who noted:  

 

I just wanted to get things over with, I just wanted to go home and feel better. If I needed an x ray I just 

wanted to get it over with so I could get the treatment I needed. (Participant 09). 
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These feelings accelerated this sub group to rationalise their concerns and to readily address the 

additional fears and anxiety triggered by the radiation risk communication. For these participants 

there was a tipping point that once exceeded resulted in a proactive desire to readily address that the 

risks were necessary and acceptable to ensure the health and safety of them and their baby.  

 

For eleven of the twenty participants their initial symptoms and feelings had the opposite effect. It 

compounded and conflated with the anxiety and fear of radiation risk to overwhelm the participant.  

 

One particular participant noted: 

 

I was tired and in pain, I couldn’t breathe and my chest hurt. When they told me I might have a PE and 

I needed to have an x-ray it was too much. I cried. I couldn’t stop crying. I thought “why is this 

happening to me?” (Participant 04). 

 

Another noted:  

 

It was the straw that broke the back wasn’t it. I had all of this going on and then they kept talking about 

radiation, injecting it and breathing it in. I was so upset. (Participant 10). 

 

Of the participants interviewed for this work there was an observable correlation with the self-

reported magnitude of the symptoms experienced and this feeling of being overwhelmed by the 

situation and the counselling. Brindle et al (2015) have previously described how degrees of 

emotional regulation can have increased experiences of stress and negative affective states. Given 

these considerations it would be prudent for the healthcare professional to be mindful and considerate 

that such emotional states may exist prior to engagement in radiation risk-benefit counselling.  

 

Previous experiences with radiation/biases  

 

As part of the semi structured topic guide all participants were asked how they felt in general about 

radiation. This was done so as to determine if prior biases may influence perceptions and reactions to 

risk benefit communication.  Fifteen of the twenty participants noted negative associations with the 

word radiation. For the majority of this sub group they were unable to articulate any logical reason 

why there was a negative association just that they “…felt it was unsafe.” (Participant 04). One 

participant noted an anecdotal story of a previous diagnostic imaging event which explained their 

negative association: 

 

I remember one time when I had a broken leg. There was a sign in the waiting area that had a picture of 

a bird on it. You know the bird that delivers babies….. a stork. It had a picture of a stork and it said if 
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you are pregnant you should tell a member of staff as x rays can harm unborn babies. I always 

remember that picture. I remember thinking if that sign said that x-rays can harm babies then why am I 

having an x-ray when I’m pregnant. That set us right off. I didn’t understand why the doctor was telling 

us there was no risk when that sign had been put there to warn patients that x-rays can harm a baby. 

(Participant 17) 

 

Whilst the patient was technically correct in their understanding this was an interesting example of a 

break down and deficiency in the initial radiation-benefit communication. On this occasion the doctor 

failed to clarify to the patient the concept of justification and how every imaging case is considered on 

its own merits and with consideration of pregnancy. The doctor failed to explain that it was a catch all 

poster not intended for when the referrer was already aware and considered the implications of 

radiation on the pregnancy.  

 

Five of the participants noted a neutral association with the word radiation. Of these five one of the 

respondents noted “…it depends on the context doesn’t it?” (Participant 12) whilst the remaining four 

stated they had not really considered the word before and didn’t have any opinions. In relation to this 

participant 11 noted “… it’s something you see on TV isn’t it (radiation). It’s not something you use 

on a daily basis is it?” 

 

None of the participants noted a positive association with the word radiation.  

 

From descriptions of the risk-benefit communications participants recalled having with their 

consultant it was apparent no consideration had been made to any pre-existing biases the patients may 

have had with the use of radiation.  

 

Self-research 

 

As part of the semi structured topic guide all participants were asked if they did any self-research 

during their hospital visit. Much like the category of initial symptoms and feelings there was a clear 

division of response.   

 

Of the twenty participants interviewed twelve noted that they had not performed any self-research. 

There were multiple reasons for not performing research that conformed to two broad categories 

 

i) Patients were mindful that internet searches often produced incorrect diagnoses.  

ii) Patients did not consider there to be any advantage gained or had not considered research. 
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Participants remarked "…as soon as you Google something you're dying aren’t you?" (Participant 05) 

and "…you come across stuff that’s not real.  (Participant 07)". This subgroup of participants readily 

demonstrated an awareness of the pitfalls of potentially reading incorrect information or advice not 

pertinent to their particular circumstance.  

f the eight participants that did perform their own research all eight exclusively used an online NHS 

resource to further inform them of the examination they were receiving.  

Participant 02 noted, “You have to be careful don’t you. If you just go on a forum it could be any 

nonsense.”  

 

All eight participants noted feeling slightly better about having the procedure after having obtained 

the information. For these patients they felt it imperative to “…plug the gaps…” (Participant 13) left 

from an incomplete or ineffective initial risk benefit counselling with their healthcare professional. 

They commented that they preferred a combination of information sources and that by researching 

themselves it allowed them to gain some of the control and agency back from the unequal dynamic of 

the patient/doctor relationship (as detailed in the context section).  

 

In relation to this patient 19 stated: 

 

I’d used the NHS app before to  check things so it made sense to do it again.  The doctor had been and 

gone and I still had loads of questions. I was sitting around waiting so I just searched. The website was 

quite good and I found some  information on the scans and radiation that sounded similar to what I had 

been told. I really liked that it as there in front of me and I could understand it at my own pace.  
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3.6 Discussion   

 

A grounded theory describing how pregnant patients perceive radiation risk-benefit communication, 

the context and conditions which affect that perception and the ultimate strategies elicited by the 

participants to rationalise and address those perceptions has been presented.  

 

Charmaz (2006) has stated for a grounded theory to be considered successful it must robustly 

demonstrate the dimensions of originality, resonance and usefulness. Within this discussion section 

the emergent theory will be described through the lens of Charmaz’s criteria for success and the 

interlaced links between the data and its analysis. 

 

3.6.1 Originality  

 

Originality is typically demonstrated if the developed grounded theory brings new insights and ideas 

to an area of research or if the theory extends, disputes or further refines current concepts and practice 

(Charmaz, 2006).  

 

The work presented in this project captures and describes a novel approach to better understanding 

risk/benefit communication for the pregnant patient. To date no other research has been identified 

which utilises grounded theory approaches to study, explore and describe the personal thoughts and 

experiences of a pregnant woman receiving imaging with ionising radiation.  

 

Work within the field of radiation protection is typically limited to assessments of healthcare 

professional’s knowledge and attitudes with little regard for the patient experience. Such work is 

typified by examples such as that of Schreiner-Karoussou (2009) who explored occupational and 

health care practices concerning pregnancy and ionising radiation within the European Union. Their 

work remarked that there was a general dearth of information amongst the health care professional 

regarding this subject. They also remarked that the literature within this field was of a high scientific 

level and perhaps out of the understanding and reach of health care professionals without a strong 

background in the physical sciences such as within healthcare. Schreiner-Karoussou also concluded 

that the pregnancy issue relating to exposure to ionising radiation was not well understood and that 

more work was required within this field. These general conclusions come up time and again within 

the literature. Work by Brenner (2007), Brent (1989), Brown (2013), Cohen (2016) all describe 

deficiencies in the understanding of both health care professionals to the effects of ionising radiation 

in pregnancy.  
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The work presented in this project identifies many of these deficits however it goes further by 

describing how patients perceive, feel, react and develop rationalising strategies when receiving 

communications of variable quality.  

 

Within the grounded theory there is a detailed understanding of the patient experience, a side of the 

counselling dynamic that is most often missed or unappreciated within the literature.  

The causal effects described within the model presented in this work reflect the established consensus 

that current communication techniques are not effective in counselling the patient. The patient’s 

descriptions of their radiation counselling oftentimes reflected that of Gunalp et al (2014) who 

implied that health care professionals were not fully aware of the risks, resulting in inattentive care in 

appropriately informing the patient about their radiation exposures. Eastwood et al (2019) also echoed 

this sentiment for medical obstetricians who they felt also failed to adequately counsel women 

regarding safety of imaging in pregnancy.   

 

Results presented within the cross sectional study section of this work also paralleled these findings 

and suggest there are wide ranging issues with healthcare professionals delivering poor radiation risk 

benefit communication. If healthcare professionals have at most a superficial understanding of 

radiation risk they will often struggle or even fail to assuage the concerns of the patient who 

challenges them on their risk knowledge. 

 

Osei and Faulkner (2000, p.143) have previously described pragmatic practices for effective risk 

communication. Within their work they stated that “In general, risks from medical X-ray 

examination(s) are so small, that a mother-to-be who realizes that her developing child has been 

irradiated should have no cause for additional anxiety.” The grounded theory model described here 

challenges and refutes this assertion and has shown that even when women are counselled that risks 

are small (in some cases even being incorrectly counselled that there are no risks) they will still 

typically experience anxiety and negative feelings.  This is typically because an assertion that low 

levels of radiation are inherently low risk fails to identify negative biases and pre-existing 

assumptions that the patient brings to the counselling. The grounded theory has shown that the 

information, opinion, emotional state and biases the patient brings to the counselling can be just as 

important as the information that the healthcare professional brings and that these biases will often be 

at odds with what the healthcare professional is espousing.   

 

Communication is a two sided endeavour. For it to be effective it must appreciate how both sides 

approach and respond to information. This work for the first time offers a glimpse of the patient side 

of the communication dynamic.  
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By reviewing and identifying gaps in existing literature this work has addressed originality by adding 

additional insight into health behaviour research. Results from this study will add to the body of 

knowledge in risk/benefit communication strategy. It offers us the ability to refine our communication 

strategies by potentially predicting behaviours and responses within the patient. 

 

This work has demonstrated the maternal conviction coping strategy of the mother. By considering 

for the first time how mothers naturally and organically cultivate acceptance of risk as a requirement 

to further protect their baby and themselves we can begin identifying and developing strategies for 

risk/benefit communication that emphasise and synergise with these strategies.  
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3.6.2 Resonance  

 

Charmaz (2006) described resonance as what extent the findings make sense to the people 

experiencing the central phenomenon and their associated action/interaction strategies. For resonance 

to occur the participants should make sense of the categories/codes and the theoretical rendering that 

emerged from the analysis of their data. Resonance is demonstrated in this work through categories 

that fully describe the social processes experienced by the participants.  

 

To consider the dimension of resonance within this work it is important to first consider the 

participants within the work. As previously described the researcher themselves is considered an 

instrument in the grounded theory process. Their instrumental function is that of simultaneous data 

analysis and collection (Mallory, 2001).  

 

Grounded theory techniques and the understanding which emerges from the researcher’s interaction 

with the data can be heavily influenced by researcher bias. Greckhamer & Koro-Ljungberg (2005) 

have previously stated that there are likely many possible theoretical interpretations from one set of 

data. So as to best control for possible biases reflexivity and categorical saturation was employed 

throughout the work when considering all participants and the data generated from them.  

 

As previously described within the results section categorical saturation were achieved utilising the 

constant comparison approach. Using this approach the majority of all categories were felt to explain 

the data in a sufficiently robust way so as to describe all dimensions of the coding paradigm.  

 

Reflexivity has been described by Dogeson (2019) as a description of the intersecting contextual 

relationships between the participants and researcher. Reflexivity is said to increase the creditability 

of the findings and furthers the understanding of the work (Rae and Green, 2016).  

 

Reflexivity was employed by situating myself within the analysis. At all stages of data collection and 

analysis I considered my role, experiences and pre-existing perceptions and opinions to the imaging 

pathway. When applying reflexivity and sense checking the theory to ensure resonance with myself a 

number of possible deficits were identified.  

 

A dimension of the theoretical coding that was not sampled and whose insights may be useful to further 

iterate and enhance the grounded theory developed within this work is that of the perspective of patients 

who refused to have any imaging whilst pregnant at all. These groups have been identified as a further 

source of input for this study and although several invites to participate in this work were sent to these 

individuals none responded. It is hoped that future iterations of this work may capture input from these 
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particular patients as their input is seen as a potential critical element for the full development of a 

model to describe the full patient experience. Their input may potentially provide additional insight into 

the action-reaction strategies elicited by participants and add extra dimensionality to the identified 

category.  

 

When considering theory generation it is interesting to consider where in the developed theory the 

participant influences are sufficiently different that the action/interaction coping strategies breaks 

down and patients are unable to rationalise receiving an imaging procedure. It is speculated that there 

may be some intervening condition or unknown context for the participant that interferes or impedes 

their ability to assimilate the risk message and move to a state of acceptance (reluctantly or 

otherwise). Until these participants can be appropriately sampled and any further concepts acquired 

from their discourse it is acknowledged that there may exist potential gaps in the model that require 

future attention.  

 

Another interesting piece of work that could potentially underpin and operate alongside the developed 

model of patient perspective would be that of the perspective of the healthcare professional and their 

attitude towards risk/benefit communication. Whilst the findings of the cross sectional survey section 

of this project aimed at healthcare professionals were of immense importance in the understanding, 

knowledge and general attitudes of healthcare professionals to the use of ionising radiation it would 

be interesting to gain further personal insights into how they approach risk/benefit counselling. It 

would also be useful to know how they view the emergent model that has been developed here and 

how their understanding of the subject shapes their narrative and how they feel their role can aid or 

influence the patient in helping them through what can be a very difficult health event in the patient’s 

life.  

 

To consider the participants own views of (and resonance with) the developed emergent model and to 

best ensure potential biases had not influenced data interpretation three participants were contacted 

via arranged telephone consultation to review the model.  All participants were chosen at random 

from the pool of all participants involved with the study and all had previously consented at time of 

first interview to additional phone interview to clarify or seek additional information if required. 

 

For each of these phone interviews all aspects of the emergent grounded theory model of pregnant 

patients perception to the use of ionising radiation were considered and discussed. Patients were 

stepped through all dimensions of the categories that composed causal conditions, central 

phenomenon, intervening conditions, context, action/interaction strategy and consequences.  



113 

 

Patients were asked to 

 

I. Reflect on their experiences in the context of these model descriptors.  

II. Consider if the findings were an appropriate description of how they felt and an appropriate 

descriptor of what influenced their actions at the time 

III. Consider if there was anything missing from the model that was not discussed.  

 

All participants were in agreement that the model was a good descriptor of their experience. Of 

particular resonance was my discussion around their action-interaction strategies. All three 

participants readily agreed that there was a turning point in their view of radiation that switched from 

reluctance and unease at having the examination performed to an acceptance that it was likely the best 

course of action and an agreement that they should proceed with the examination. None of the 

participants noted any deficiencies or gaps in the model or had any other comments to make of any 

additions that were required to the model.   

 

3.6.3 Usefulness  

 

Grounded theory techniques have their roots in sociological and behavioural sciences and are chiefly 

used for developing models to predict and explain social processes. The coding paradigm utilised 

within this work has its focus on action and interaction in social contexts and related strategies that 

develop from this (Tiefel 2005).  

The criterion of usefulness is met when the results and subsequent analysis can show both generic 

processes and inferred implications, with interpretations that can used in everyday life. Usefulness is 

also demonstrated by a theory that can initiate further research in other areas, and contributes to the 

knowledge base for a discipline (Charmaz, 2006). 

 

The dimensions of usefulness concerned with initiation of further research and further contributions to 

the knowledge base have been discussed and considered previously in the section describing 

resonance and originality.  
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This section will focus on two potential pragmatic outcomes and solutions directly attributable to the 

developed grounded theory.  

 

I. Centralized radiation protection advice and communication pathway risk and benefits 

to pregnant patients receiving imaging with ionizing radiation. 

 

As previously discussed when asked to reflect on their experiences an overwhelming majority of 

participants repeated the idea that they felt “rushed” during their counselling. This category formed 

the backbone of the context within which their social interactions and communications occurred and 

was generally viewed negatively. Participants in general felt that it was often difficult to maintain 

direct contact with one particular health care professional with whom they could confide or discuss 

their concerns as they were harried between services and departments.  

 

In addition to feelings of urgency there was also the concept of the patient doctor relationship that was 

discussed and how that particular social dynamic can influence patients due to the asymmetric power 

dynamic present. For participants within this group many described an unequal power dynamic with 

their consultant. However it was found that participants were likely to self-identify feelings of trust, 

equanimity and equality when describing their relationship with their midwives. This notion was self-

evident when considering the favourable rate of participant recruitment after the research midwife 

team was brought on board to directly engage and recruit participants. 

 

In addition to the noted feelings of being rushed experienced by participants the majority of 

participants also experience negative feelings and emotions. It is also recognised (from both the cross 

sectional and the grounded theory works) that proffered benefit-risk communication from health 

professionals is often incorrect or incomplete.  

 

The work that underpins this project has established that it is possible for a pregnant patient requiring 

imaging with ionising radiation to be seen by up to five separate departments in a single visit. For 

each stage of this care pathway patients may receive no information, sparse information or conflicting 

information regarding risks and benefits of the exams they was receiving. This ultimately results in 

unnecessary stress and anxiety. Owing to the findings of this research it is advocated that 

improvements and changes to the communication pathway be made to improve the quality of our 

services and align our work with both national and local strategy for improvement and excellence. 

 

So as to best address a number of the issues raised within the grounded model it is proposed that a 

centralised team of trained nursing/midwifery staff be established whose role would consist of 

counselling and informing the pregnant patient regarding all aspects of their imaging pathway 
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including risks and benefits. Such a key innovative concept has resonated well with clinical teams and 

patient participants when discussed with them. This counselling team would standardise an effective 

communication and information strategy to patients during their care leading to an improved patient 

experience.  

 

Such a proposal would provide each pregnant patient attending the Trust for imaging with ionising 

radiation with a central, in person point of contact who could answer all the questions they may have 

regarding the use of ionising radiation. 

 

The full innovation proposal and business case related to this concept is presented in Appendix O.  

 

II. Shaping and optimising the risk-benefit discourse 

 

From the causal conditions identified within the emergent grounded theory it is clear that discussions 

regarding risk and benefit communication are not being performed in an optimal manner and result in 

the central phenomenon of increased stress and anxiety. 

 

It is recognised and acknowledged that avoiding misunderstanding and misconceptions of risk and 

benefit communications is an incredibly onerous task owing to the numerous competing and 

confounding factors involved and is a major challenge within healthcare (Reyna, 2008). Indeed the 

intricacies of the emergent model developed in this research has readily demonstrated the elaborate 

interlacing variables at play when a patient is faced with making a healthcare decision.  

 

A number of fundamental questions were raised at the inception of this work. When considering risk-

benefit communication are what is said, what is heard and what is understood the same thing? Both 

literature and the subsequent findings of this work have demonstrated that whilst the majority of 

individuals are capable of hearing every word presented and understanding each word presented they 

often fail to grasp the fundamental meaning or essence of the message (Wilheims et al, 2013). This 

work has demonstrated this can be due to incorrect communication from a healthcare professional, 

pre-existing negatives biases towards radiation and the added problems of emotion regulation due to 

the mental and physical stresses the patient is experiencing. It is therefore critical that health messages 

are designed with an understanding of how people process health information and consequently make 

medical decisions. 

 

When communicating risk and benefit of ionising radiation to a pregnant patient healthcare 

professionals need to understand that the majority of patients had a preconceived negative association 

with radiation. Even though the essence of the message the healthcare professional is relaying to the 
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patient is of very low or no risk the patient still perceives radiation to be bad which can lead to 

confusion and dissonance for the patient.  Vadachia and Yousef (2008) have demonstrated that the 

majority of patients overestimate the risk posed to the fetus by diagnostic imaging. This same 

sentiment was shared by the majority of participants within this work which further compounds the 

problem when describing risk and radiation to the patient.  

 

The healthcare professional should also avoid one sided risk communication which fail to identify the 

benefit aspects of the procedure. Findings from this work have demonstrated that participants identify 

risk is a nebulous concept and one that is rooted in negative biases and perceptions. 

 

All participants in this study have demonstrated an action-interaction strategy of eventually engaging 

in a cognitive and emotional capacity with the risks involved owing to a maternal resolve to protect 

themselves and baby. Participants were self-identifying the radiation protection concept of 

justification and net benefit and rationalising the concept internally for themselves. When considering 

any risk-benefit counselling with a patient the healthcare professionals should begin with 

consideration of this.  

 

Reyna (2008, p.850) describes the process of reducing risk-benefit communication to its simple 

salient point as “identifying the bottom line”.  The “bottom line” is naturally contextual in nature and 

case dependent but for pregnant patients on a thromboembolic care pathway the core condensed 

message can be regarded as: the health benefits (and potential for death) vastly outweigh any small 

risks that are present with imaging with imaging.  

 

As previously described there were large differences in the communication styles received by 

participants. From the descriptions received by participants a large number of these styles failed to 

deliver the substance of the message and participants were required to cognitively and emotionally 

navigate to the salient core message or “bottom line” on their own.  

This can be a difficult task for a pregnant patient whose acute state of health has required an 

emergency hospital visit. For counselling to be effective the healthcare professional will need to help 

guide the patient this core message.   

 

The “bottom line” concept of qualitative information representation is relied on in reasoning and 

decision making tasks and is often much more effective than representations of quantitative facts and 

figures (Reyna, 2008). This is at odds with the majority of radiation risk strategies within the UK who 

often espouse numerical or comparative styles for communicating risk (Public Health England, 2016). 

Contemporary work by Lowe (2019) has also described how modern approaches to radiation 
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counselling for the pregnant patient which often included said estimates of potential radiation dose 

and statistics are likely to fall outside of the grasp of the patient.  

 

The “bottom line” concept is so strong that it is shown even in situations where both quantitative and 

qualitative representations are equally understood patients tend to rely on simple holistic 

representations of the salient points to make informed health decisions (Fischoff, 2011). 

Framing of risk-benefit communication is also an important concept to consider. Patients tend to be 

adverse to risk when situations are framed as gains and risk-seeking when situations are described as 

losses (e.g., in terms of death or other harms) (Nan et al, 2018).   

 

If the aim of the radiation counselling is to expedite the patient to their own action/interaction strategy 

of embracing risk the counselling should emphasis and frame the loss scenario accordingly. The 

healthcare professional should articulate the desire to proceed with a low radiation dose imaging 

procedure is due to the potential the patient has a serious condition (PE) that may result in death to 

them and baby. The healthcare professional should acknowledge that what will be said will cause 

anxiety and stress but also acknowledge that the patient is fully capable of eventually reaching this 

decision of embracing the risk for the greater good of themselves and baby.  
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3.7 Conclusion  

 

The aim of this component of the project was to describe the local experience of the pregnant patient 

receiving imaging with ionising radiation, determine the patient’s perception of ionising radiation and 

radiological risk and ascertain their opinions of the communication techniques they received. This 

component of the project has been successful in addressing these aims. 

 

A behavioural theory has been generated utilising grounded theory techniques which describes the 

strategies these patients elicit to cope with concerns raised during risk-benefit discussions. 

 

This study highlights shortcomings in both the communication content and approach healthcare 

professionals utilise when describing risks and benefits of radiation to mum and baby.  

 

The established theory describes how a pregnant patient invokes an emotional and cognitive 

engagement with information they receive. The theory also considers the context and social dynamics 

between the patient and their health care provider and the intervening conditions that can benefit or 

detriment these coping strategies.  

 

The emergent theory has established that expectant mothers are faced with the dilemma of proceeding 

with an investigation that they believe will put them and their baby at risk. The continued health of 

baby and self is of ultimate importance to pregnant mothers and this maternal conviction shapes and 

drives the expectant mothers resolve to rationalise the need to proceed with imaging despite the 

overarching and competing negative biases and concerns that they may also have.  

 

The established model allows us to predict behaviours within patients that may allow for proactive 

strategies for shaping counselling narratives to address identified maternal concerns.  

 

This work highlights the relevance and importance evidence-based theory can have when designing 

such practical interventions and exhibits the importance of including patients in shaping 

communication strategy.
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4. Interleaving gained insights - Can we now answer the question of whether radiation risk 

and benefit communication is lost in translation?  

 

The aims of this project were to gain a local understanding of the communication dynamics between 

the healthcare professional and the pregnant patient as it pertains to radiation risks and benefits. Such 

an understanding has the potential to contribute to the development of communication styles to 

enlighten policy making and remove the recognised burden of undue stress to the pregnant patient.  

 

A mix of qualitative and quantitative methods were utilised to gain appreciation for both the 

healthcare professionals and patients knowledge, perspectives, attitudes, behaviours and opinions with 

regards these difficult conversations. Results and subsequent discussion of how these respective 

findings addressed the studies aims have been described at length in sections two and three of this 

work.  

This section of work aims to ultimately summarise, compare and contrast the salient insights gained 

from both of these distinct pieces of work and examine them through the lens of the generalised 

communication process (figure 13) (Борисова, 2013, p.8).  

The generalised communication process (figure 13) has a number of core components, namely: 

1. Source: The source is the person who has conceptualized the idea that they intend to translate 

to others. 

2. Encoding: Within the encoding process the source uses particular words or concepts to 

translate the information into a message. The source’s knowledge, skills and competence have a great 

impact on the success of translating the meaning behind the message (Mathews, 1983). 

3. Message: The encoded information the source wishes to convey.  

4. Communication Channel: All communication in this work was oral in nature. 

5. Receiver: The receiver is the person for whom the message is intended. The degree to which 

the receiver decodes the message depends on their knowledge of the subject matter, experience, trust 

and relationship with the sender (Mathews, 1983). 

6. Decoding: The receiver interprets the sender’s message and tries to understand it. Effective 

communication occurs if the receiver understands the message in the way intended by the source. 

7. Feedback:  The response of the receiver to the message. Feedback increases the effectiveness 

of the communication process as it permits the sender to know the effectiveness of their message.  

By interleaving and considering the knowledge gained from this work within the context of the 

communication process it is hoped that a holistic understanding of local communication dynamics can 

be determined from the shared perspective of both the healthcare professional and pregnant patient.  
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Figure 13 The communication process (Борисова, 2013, p.8) 

 

4.1 The radiation risk-benefit communication process 

 

4.1.1 Source – The emergency department/obstetrics and gynaecology consultant 

 

The majority of healthcare professionals felt it was the responsibility of the attending consultant to 

initially counsel the pregnant patient in the use of ionising radiation.   

 

This finding was concordant with the pregnant patient’s first-hand accounts of their hospital 

attendance and their descriptions of their initially conversations with consultant emergency medical or 

gynaecology staff regarding the requirement of needing radiological imaging. 

The cross sectional observational study within this work demonstrated that the referring consultant 

staff groups are best characterised as a workforce that is not wholly confident in their ability to 

correctly explain risks and benefits from ionising radiation. This is a sentiment that is independent 

from years of experience in the role and is seen across all levels of experience. There is poor 

understanding within this group for basic radiation principles such as typical x-ray doses, increased 

rates of cancer risk and deterministic dose effects to both mum and baby. Other findings did however 

reveal that there is consensus amongst this group that communication of radiation risks and benefits is 

of the upmost importance.  

 

Within this consultant group there was a paucity of training in risk-benefit communication.  

Patient participants within this work generally viewed the information they received as vague or 

confusing and of insufficient detail to assuage their concerns for themselves or baby.   

 

Overall findings indicate a frontline clinical workgroup who understand the importance of correctly 

informing the patient regarding the risks and benefits of the use of ionising radiation to the pregnant 
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patient but their self-recognised deficiencies in knowledge and approach to disseminating this 

information limits their ability to achieve this necessity.  

 

4.1.2 Message - Justification of radiation exposure 

 

Based on patient accounts of their counselling it is clear that there is a large degree of variation in the 

message that is being conveyed. 

 

The salient message of benefit-risk communication in the context of radiation exposure should be the 

justification principle. That is the benefit of performing an examination exceeds all other risks.   The 

referrer groups demonstrated poor understanding of fundamental radiation concepts underlying this 

justification concept so it would follow that the message they were presenting was perhaps incorrect.  

  

It is also clear from patient descriptions of their counselling with consultants that this message was 

not always presented, or immediately understood by the patient.  

 

Owing to the variable and sometime incorrect means utilised by healthcare professionals to convey 

and frame risks significant effort was sometimes required from the participant to rationalise their 

concern and accept the net benefits present from having the imaging examinations.  

  

4.1.3 Encoding – Techniques used to frame the radiation risk-benefit message 

 

Despite shortcomings in numerical understanding of radiation risk metrics the emergency and 

gynaecology consultant groups demonstrated better aptitude and understanding of framing relative 

dose contributions. This was also demonstrated in their self-reported preference for a risk comparison 

approach when describing radiation risk. Given the demonstrated poor understanding of absolute dose 

and risk quantities of a large number of participants within this study it would follow that that there 

would be this noted preference for relative dose comparison techniques i.e. comparison to natural 

background radiation levels, flights, other medical imaging techniques that utilise ionising radiation 

etc.  

 

This finding is reflected in a large proportion of patient descriptions of receiving explanations of 

magnitude of radiation dose relative to other more relatable and understandable quantities. 

 

As previously discussed such comparative techniques pose an issues if the knowledge base for their 

use is incorrect, which has been demonstrated for these work groups. Communication of this style 
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assumes that patients will be satisfied with an answer that only compares different imaging modalities 

instead of a direct answer and discussion regarding the implicit risks.  

 

This method also expects that the patient understands the concept of the dose level of a chest x-ray for 

instance which is itself unlikely. Likewise when using a concept such as natural background radiation 

it optimistically assumes the patient will have an understanding of natural background radiation.  

 

Throughout the grounded theory section of this work the patient has demonstrated that they are often 

not satisfied with framing of risk communication in this style. It is evident from all participants they 

felt this method of encoding lacked detail and was of superficial depth.  

 

This overall lack of clear descriptions of risk posed by imaging with ionising radiation had 

demonstrable negative emotional impacts for the studies participants and that awkward comparisons 

such as these exasperated an already distressed pregnant patient at the time of imaging.  

 

4.1.4 Receiver – The pregnant patient  

 

Before considering the pregnant patients perception to radiation risk benefit communication it is 

important to consider the frame of mind and mood of the patient on their arrival to hospital.  

  

Patient participants within this work were admitted to the STSFT emergency or gynaecological 

department with acute symptoms of breathlessness, chest pains, shortness of breath and tachycardia. 

At the point of attendance, before any discussion of radiation risk had commenced patients reported 

feelings of increased anxiety and duress about their health and the possible consequences for baby.  

 

The healthcare professional should consider this baseline level of pre-existing agitation and concern 

before engaging in any risk-benefit communication. It has been demonstrated in section 3 of this work 

that this state of decreased emotional regulation can facilitate increased experiences of stress and 

negative affective states which may influence any discussions regarding further risks to them and their 

baby. 

 

It is important to also consider that patient participants also exhibited various degrees of pre-existing 

negative bias towards radiation. Although the majority of participants were unable to articulate any 

reason for this negative association it would be cognisant of the healthcare professional to be 

considerate of this before engaging in benefit risk communication.  
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4.1.5 Context – The mental and physical phenomenon that circumscribe the risk-benefit 

discussion 

 

Within the grounded theory section of this work context was described from the perspective of the 

coding paradigm of the patient experience. There are many parallels when considering context as it 

relates to the generalised communication process. Within the developed grounded theory context 

detailed the urgency of the scan and how patients rapidly transitioned between departments. Within 

each of these departments new communication processes were had with the patient with regards 

radiation counselling. As evident from section 2 of this work there are large variations in aptitude, 

confidence and framing mechanisms amongst staff for describing risks and benefits. 

 

This combination of urgency and rapid transition between departments ultimately culminated in 

patients receiving several different, perhaps contradictory discussions in rapid sequence without 

ample time or opportunity for the patient to question or further confer with their healthcare 

professional.  

 

4.1.6 Decoding – Do patients understand the risk-benefit communication they receive? 

 

Given the mixed and oftentimes incorrect information patients received they are not fully appraised of 

the radiation risk, the magnitude of said risk and what the potential outcomes of that risk may be. 

They were however ultimately accepting that there was a net benefit to the test and that it was 

necessary for the wellbeing of themselves and baby to proceed with the required imaging 

investigations. 

 

For some participants the path from initial concern regarding risks to ready acceptance of the benefits 

was brief and simple.  However for a large proportion of the patients who participated in this study it 

was a tortuous path to acceptance, fraught with unnecessary anxiety and duress.  

 

Regardless of which style of risk communication was employed an overwhelming majority of patients 

had an initial adverse negative emotional response to the prospect of requiring imaging with ionising 

radiation. Within these negative responses a full spectrum of intensity of experience was 

demonstrated.  

 

Participants partially or wholly attributed these reactions to not initially knowing or being uncertain of 

the consequences to themselves or baby of having an imaging examination with radiation. Such 

reactions appears to have a grounding in attributing and confusing the concept of risk with direct harm 

which suggests an element of ineffective communication. 
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It was typical at this feedback point of the risk-benefit communication process that the patient would 

probe further for additional information to clarify for themselves the exact nature and magnitude of 

the risks.  This stage of discussions oftentimes exposed the consultant’s lack of knowledge and 

confidence in explaining radiation risk to the patient.  

 

Following this feedback from the patient the consultants framing mechanism would often shift to a 

paternal or coercion methodology where descriptions of risk were downplayed in favour of 

highlighting the benefits of this test.  

 

This cycle of re-encoding the message utilising different framing mechanisms would continue until 

the patient had the ultimate rationalisation that this is the correct course of action to take. This 

rationalisation was the central action/reaction strategy described within the developed grounded 

theory. All participants noted a cognitive movement from a focus on the initial fear at the descriptions 

of the risks they received to assimilation and acceptance of said fear and finally consideration and 

acceptance of the net benefits present from having the imaging examinations. The length and 

tortuosity of this path varied depending on the magnitude of the concerns and feelings which 

manifested following the risk-benefit communication and the consultants ability to deal with these 

concerns.  

 

4.2 Where to go from here? Recommendations for improvement of local risk/benefit 

communication processes 

 

Both the healthcare professional cross-sectional study and the developed grounded theory model have 

demonstrated insights into knowledge and behaviours that may allow for proactive strategies for 

shaping counselling narratives to address identified maternal concerns.  

 

This work has highlighted the relevance and importance evidence-based theory can have when 

designing such practical interventions and exhibits the importance of including patients in shaping 

communication strategy. 

 

The following section describes potential research, policy and practice that may benefit future 

counselling of the pregnant patient.
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4.2.1 Further research 

 

The perspective of patients who refused to have any imaging whilst pregnant have not been sampled or 

considered in this work. Future iterations of this work may capture input from these particular patients 

as their input is seen as a potential critical element for the full development of a model to describe the 

full patient experience and may potentially provide additional insight into the action-reaction strategies 

elicited by participants and add extra dimensionality to the identified categories.  

 

It is speculated that there may be some intervening condition or unknown context for the participant 

that interferes or impedes their ability to assimilate the risk message and move to a state of acceptance 

(reluctantly or otherwise). Until these participants can be appropriately sampled and any further 

concepts acquired from their discourse it is acknowledged that there may exist potential gaps in the 

model that require future attention.  

 

Another interesting piece of work that could potentially underpin and operate alongside the developed 

model of patient perspective would be that of the perspective of the healthcare professional and their 

attitude towards risk/benefit communication. Whilst the findings of the cross sectional survey section 

of this work aimed at healthcare professionals were of immense importance in the understanding, 

knowledge and general attitudes of healthcare professionals to the use of ionising radiation it would 

be interesting to gain further personal, lived insight into how they approach risk/benefit counselling. It 

would also be useful to know how they view the emergent model that has been developed here and 

how their understanding of the subject shapes their narrative and how they feel their role can aid or 

influence the patient in helping them through what can be a very difficult health event for the patient.   

 

4.2.2 Policy 

 

All professional staff groups within the imaging pathway for the pregnant patient are expected to have 

the required level of knowledge  and understanding of the risks and benefits associated with ionising 

radiation (radiation dosimetry, risk metrics, typical doses, effects etc.) to allow them to communicate 

effectively with the patient. It is clear from analysis and discussion of results that there are knowledge 

and confidence deficits amongst all staff groups, in particular front line staff who request imaging 

who are often the first line of counselling a patient will receive.  

 

Results obtained within this study are broadly comparable to other published work of this nature and 

indicate deficiencies in the knowledge and confidence of front line staff in delivering radiation risk-

benefit communication to pregnant patients requiring imaging with ionising radiation. These 

deficiencies are independent of level of clinical experience. 
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Inaccuracy is seen when estimating radiation dosage from common examinations a pregnant patient 

may need to undertake and estimated risks of cancer induction were often incorrect.  

 

These deficiencies were seen to translate into confidence measures for the staff groups most likely to 

need to engage in radiation counselling with the patient. Perhaps of even greater importance is the 

finding that only 30% of overall participants reported they had received education or training in 

benefit-risk communication. 

 

This lack of knowledge, confidence and skill at shaping the narrative to best suit the patient is evident 

from patient participant accounts within this study of the counselling they received and their 

oftentimes negative responses to it. The emergent grounded theory model has indicated a large 

number of patients have had poor experiences as a result of these poor communication processes.  

 

Findings did however reveal that there is consensus amongst all staff participant groups that 

communication of risks and benefits is of the upmost importance. It is also evident that staff have an 

awareness of their limited understanding of ionising radiation and the pregnant patient.  

 

Results also indicated there is varied practice with respect to the communication of benefit-risk 

framing and style. Some responders also indicated that due to deficiencies in knowledge risk 

communication is not always proffered, despite the fact that most referrers seek prior consent.  

 

The findings of this study have indicated that there is a need to better empower front line healthcare 

professionals to engage and council pregnant patients when they require radiological imaging. These 

initiatives should ultimately help healthcare staff reassure patients that pursuing an appropriately 

indicated ionising radiation imaging examination will be in the best interest of them and their unborn 

child. 

 

It is evident that there is opportunity to improve education and confidence in these matters. Such 

endeavours need to be addressed locally by the Trust as well as nationally by the relevant education 

institutions and professional societies.  

 

It is beyond the scope of this work to develop such strategies but local Medical Physics resources 

exist which are equipped with the knowledge and training required to teach such concepts to the 

frontline clinical workforce. This will help ensure that healthcare professionals are continuously 

equipped to fulfil their roles and responsibilities regarding radiation risk-benefit communication as 

effectively and efficiently as possible. 
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4.2.3 Practice – Implementing change 

 

As described in the previous section 4.2.2 a Trust wide standard of a healthcare professional 

workforce well versed and competent in risk-benefit communication strategies relating to the use of 

ionising radiation would be paramount in optimising the communication process and minimising 

unnecessary stress and anxiety for the patient.  

 

The emergent grounded theory has however indicated that the competence of staff is not the only 

variable that has an impact on the pregnant patient experience and a number of changes to local 

practice are proposed below that would likely aid in the facilitation of improvements to care.  Owing 

to the findings of this research it is advocated that local improvements and changes to the 

communication pathway also be considered to improve the quality of our services and align our work 

with both national and local strategies for excellence. 
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4.2.3.1 Standardised risk-benefit message 

 

The salient points of the radiation risk-benefit message should also be standardised into a singular, 

central, core message understandable by both staff and patient. This would likely reduce variance and 

the opportunity for patients to receive contradictory counselling.  

 

It is evident from patients recounting of their counselling (section 3.5.4.1.1 ) that there are a plethora 

of approaches that staff utilise to engage with the patient and a number of these are often incorrect. It 

has also been demonstrated that the patient will often receive conflicting counselling as they journey 

through the various departments whilst on their care pathway which in itself can be a source of 

anxiety.  

 

The standardised message should aim to expedite the patient to their own action/interaction strategy 

of accepting risk and embracing the benefits the counselling clinician should emphasis and frame this 

concept accordingly. 

 

The standardised message should articulate the desire to proceed with a low radiation dose imaging 

procedure due to the potential the patient has a serious condition (PE) that may result in death to them 

and baby. The message should articulate what the risk is, how that risk compares to other more 

recognisable everyday risks and what the benefits of having the test are. The healthcare professional 

should acknowledge that what will be said will cause anxiety and stress but also acknowledge that the 

patient is fully capable of eventually reaching this decision of embracing the risk for the greater good 

of themselves and baby. 

 

This standardised message should also be contained within local literature and patient information 

leaflets, readily available to all staff and patients. Several patients within this work have noted that 

they felt it imperative to “plug the gaps” left from an incomplete or ineffective initial risk-benefit 

counselling with their healthcare professionals and have sought this information from external 

sources. Such searching for external, non-vetted literature may increase the risk of the patient reading 

incorrect or inappropriate advice.   
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4.2.3.2 Standardisation of imaging pathway 

 

In addition to considerations of  the Trusts training requirements and the standard of knowledge and 

competence expected of all healthcare professionals’ consideration should also be given to the current 

imaging pathways and choice of examination for the pregnant patient requiring imaging with ionising 

radiation. It is evident from section 3.5.4.1.1 that a source of anxiety for pregnant patients is them 

often being placed in the position of making the choice between VQ and CTPA imaging. Patients 

often feel they lack the required knowledge required to make these decisions and the choice of 

medical exam should lay with the doctor responsible for their care. There is scope for the Trust to 

review imaging pathways and standardise imaging decisions based on availability, clinical 

effectiveness, sensitivity, specificity and place the clinical decision for the imaging procedure back in 

the capable hands of the medical teams.   

 

4.2.3.3 Consideration of additional factors that influence the delivery of radiation risk-benefit 

counselling 

 

It is critical that health messages are designed with an understanding of how people process health 

information and consequently make medical decisions. Findings from this work have demonstrated 

that there is potential for the patients altered emotional state to impact how they process and 

assimilate information. Cognisance of this altered emotive state in the patient is critical for 

anticipating how patients may react to counselling.  

 

The emergent grounded theory has also demonstrated that patients also often come pre-equipped with 

existing biases regarding the use of radiation. The patient is not a blank slate and the healthcare 

professional should anticipate negative presumptions regarding the use of radiation as these may 

undermine the message the healthcare professional is trying to convey.  

 

An additional key concept that emerged from the grounded theory of patient experience was the 

concept of urgency and the rapid nature in which counselling is delivered and the speed at which the 

message must be assimilated by the patient. It is critical that any standardised risk-benefit message 

also reflects this requirement. An optimised method of communication must consider the brief time 

period the healthcare professional has to discuss and council the patient and how succinct, 

understandable discussions can be help in reducing anxiety for the patient. 

 

A final consideration to make when delivering radiation risk-benefit counselling is the role of the 

power dynamic between patient and healthcare professional. The grounded theory has demonstrated 

that whilst shared decision making and patient engagement is a useful concept the patient on 
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occasison rely on the judgement of the healthcare professional and may not appreciate what they 

consider to be an overburdened reliance on their own lay ability to navigate through the risk-benefit 

process.   

 

Participants have also demonstrated that they have the ability to detect when there are possible mixed 

motives that underpin counselling. 

 

In both of these instances the healthcare professional can counter such occurances through openness 

and competence in understanding of the message they are trying to deliver.
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4.3 Conclusion 

 

Scientific exploration of communication is not a simple endeavour. It is one that entails multiple 

aspects of several complex processes. Communication regarding an often misunderstood physical 

phenomenon such as ionising radiation adds an extra layer of complication to the process. Add in the 

additional considerations of medical radiation exposure to an unborn baby and expectant mother and 

the full, hefty scope of what the communication process is trying to achieve becomes readily evident.  

 

Through a mix of qualitative and quantitative methods this work has described both the competence 

and ability of the healthcare professionals to articulate risks and benefits of utilising ionising radiation 

and the pregnant patient’s ability to assimilate and engage with that message.      

 

Several important shortcomings were identified in the healthcare professional’s core competence, 

understanding and ability to frame the use of ionising radiation message. These shortcomings directly 

translated to counselling that caused unnecessary duress and anxiety for the patient.  

 

The patient experience has been described and modelled and several important dimensions such as 

pre-existing biases, altered emotional regulation and risk-benefit engagement strategies have been 

identified.  

 

Improvements to core radiation competence and risk-benefit communication techniques in addition to 

cognisance and anticipation of the identified factors and dimensions inherent within the patient 

experience model have been advocated. 

 

Learning and initiatives recommended in this work should ultimately help local healthcare staff 

reassure patients that pursuing an appropriately indicated ionising radiation imaging examination will 

be in the best interest of them and their unborn child.
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DClinSci Appendix – List of AMBS A units and Medical Physics B units together with 

assignments – Mark Gannon 

AMBS – A Units   

Unit title Credits Assignment wordcount 

A1: Professionalism and professional 

development in the healthcare environment 

30 A1 – assignment 1 – 2500 words 
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Group work/presentation – 10 minutes 

(10%) 

A1 – assignment 2 – 3000 words 

A2: Theoretical foundations of leadership 20 A2 – assignment 1 – 3000 words 

A2 – assignment 2 – 3000 words 

A3: Personal and professional development to 

enhance performance 

30 A3 – assignment 1 – 1500 words 

A3 – assignment 2 – 4000 words 

A4: Leadership and quality improvement in 

the clinical and scientific environment 

20 A4 – assignment 1 – 3000 words 

A4 – assignment 2 – 3000 words 

A5: Research and innovation in health and 

social care 

20 A5 – Group work/presentation – 15 

minutes (25%) 

A5 – assignment – 4000 words 

 

Medical Physics – B Units   

B1: Medical Equipment Management 10 Group presentation 

1500 word assignment 

B2: Clinical and Scientific Computing 10 Group presentation 

1500 word assignment 

B3: Dosimetry 10 Group presentation 

1500 word assignment 

B4: Optimisation in Radiotherapy and 

Imaging 

10 Group presentation 

1500 word assignment 

B6: Medical statistics in medical physics 10 3000 word assignment 

B8: Health technology assessment 10 3000 word assignment 

B9: Clinical applications of medical imaging 

technologies in radiotherapy physics 

20 Group presentation 

2000 word assignment 

B10b: Assessment of Image Quality 10 Group  presentation  

1500 word assignment 

B10g: Radiation Waste Advice 10 1500 word portfolio item 

B10k: Radiopharmaceuticals and 

Radiopharmacy 

10 Examination 

 

Generic B Units   

B5: Contemporary issues in healthcare  

science 

20 1500 word assignment + creative 

project 

B7: Teaching Learning Assessment 20 20 minute group presentation 
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Topic Guide Version 2.0 

Initial statement 

I will listen and make notes and I will not interrupt you until you have finished. Please by aware 

that I am recording this conversation. This is just so I can accurately transcribe the conversation. 

All recordings will be deleted after the conversation has been transcribed and anonymised.   

Please take as much time as you feel necessary and tell me all of the details you remember that, in 

your opinion are connected to your experiences with us. 

If participant requires prompting I will ask the below questions as required.  

Initial Open Ended Questions  

I want you to cast your mind back to the day you received a medical imaging test with us whilst 

pregnant. Could you tell me how this came to be? 

Probe about what department she attended, whom she was seen by, etc. 

What was this experience like? 

How did you feel at the time? 

What were your concerns (if any)? 

 

Intermediate questions (more focused on communication and consent) 

Tell me about any discussions you had with doctors or other healthcare professionals? 

How did these discussions make you feel (What were your concerns at the time)? 

How did these discussions help in your decision to proceed with the test? 

 

If patient has still not mentioned radiation risk communication… 

Can you describe any communication you had with regards the use of radiation? 

(if prompted nudge towards risk communication and the technique used) 

What did they discuss? 

What did you think of when they mentioned radiation?  

How did these discussions make you feel (What were your concerns at the time)? 

How did these discussions help in your decision to proceed with the test? 

(what was said that helped you accept that having the scan was in your interest?) 

 

Ending Questions 

 

After reflecting on your experiences is there something else you would like to add? 

 

How did you feel about the use of radiation during pregnancy and the possible effects to yourself 

and baby? 
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Appendix M 

Category Sub Category Sub sub category 

Initial Indications and Worries Indications   

  Initial Worries   

  Pre-existing conditions   

  Sought assistance   

  Medical Concern for Embolic Pathology   

      

ED/EAU Attendance and Early Stages of 

Pathway ED Attendance    

  Initial screening testing    

  Prophylaxis treatment   

  Initial diagnosis*    

  Full admittance   

  Further imaging required to aid diagnosis   

  Offered choice of imaging or prophylaxis   

  Discharged awaiting imaging   

  Progression to Lung/CT imaging   

  Anxious / Emotional   

      

Information leaflet  Variation in dissemination   

  Information leaflet opinions Undesired negative effects 

    Positive response 

    Anachronistic  

    
Information didn’t correlate with 
self-research 

    
Preference for in person discussion/ 
counselling*  
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Mix of in person and direct 
discussion would be preferred  

      

Chest x ray risk/benefit communication Variation in counselling   

      

  Risk/benefit model 

Paternal risk model of 

communication*  

    
Justification model of 
Communication* 

    
Absolute risk model of 
communication*  

    
"Pragmatic/coerce/compel risk 
communication" * 

    
Risk comparison model of 
communication 

      

  Consent   

  Concerned about x ray pregnancy warning poster   

      

  Carcinogenesis discussion No discussion  

    Insufficient explanation  

    Absolute risk methodology  

    Questionable advice 

      

  Imaging staff not informed of pregnancy   

      

  Attentiveness of staff    
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Patient response to communication 

Confused/ineffective oral communication, Concerned 

about x-ray posters saying shouldn’t have x-ray when 

pregnant.    

  Concealing information to control / influence   

  Negative emotions   

  Maternal/protective concern   

  Positive response Accepting  

  Not happy with risk communication but accepting    

  

internally questioned what the risk was (why were 

they mentioning risk)   

  Helplessness   

      

Wider patient perspective (gained during 

pathway) Maternal Resolve   

      

      

Lung/CT scan/communication 

No discussion/communication/counselling with 

consultant   

  

Spoke to healthcare professional* consultant, nurse 

practitioner, EAU registrar   

      

  

Given choice of lung or CT "there are two types of 

scan you can have, one increases your risk of breast 

cancer and the other one has a slightly increased risk 
to the foetus"   

      

  Carcinogenesis discussion Relative risk approach 

    Justification method 

    Absolute risk methodology:  
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    Questionable advice 

    Paternalistic 

      

Lung/CT communication patient response Positive response   

  Negative Reponses 

Emotional dilemma "I actually was 

very upset about making the 

decision, whether or not to have one 
and then the decision of well do I put 

myself at an increased risk of breast 

cancer or do I go for the one that has 
a slightly increased risk to the baby 

that I'm going to have" 

    

Refusal to have scan "I told them I 

didn’t want it" (paternalistic 

communication with maternity 
consultant changed mind) 

    concerns over risk 

    

maternal concern (selfless) "my only 

concern is the baby. I even said to 

my partner I'm not really bothered 
about me as long as the baby is fine"  

    

teratogenic/carcinogens risk 

concerns 

    

wanted to discuss more but did not 

happen 

    guilt over choice 

  Not given choice   
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  maternal conviction   

      

      

  faith/trust in clinicians to make the right choice    

      

      

  Conflicting information (between teams)   

      

  No desire to question   

      

Practical aspects of test     

      

      

      

      

      

Covid     

      

      

      

Staff competence Staff were competent   

  Staff were not competent   

      

      

Self Research NHS website   

  Empowered   

  No research,    

  

Mixture of NHS and other (helped clarify, assuage 

concern)    
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  Positive Research Experience   

      

      

Radiation association negative association  Carcinogenesis, teratogenic risk 

  balanced association    

      

      

Prophlaxis not comfortable with prophylaxis tx   

  poorly communicated tx regime   

      

      

Post scan/experience reflection Regret    

  Optimistic   

  Good idea to have centralised point of contact.    

  unclear/ ineffective communication    

  Isolated event in time - no long lasting concerns   

  Information overload   

      

      

Misc category     

The "professional" patient Feels altered care due to healthcare professional   

 

 

 

 

 

 

 

 

Category Codes 
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Initial Indications and Worries Raised heart rate (tachycardia), haemoptysis, breathlessness, pains* - chest, legs, abdominal, back 

  frightened, anxious 

  heart defect, rheumatoid, enoxaparin, previous miscarriage 

  Medical advice/help* (111, ED attendance, GP *follow up tests and further/emergency referral) 

  "GP thought I had blood clots", blood clot 

    

ED/EAU Attendance and Early Stages of 

Pathway self transport, ambulance 

  ddimer, ecg, doppler, screening tests 

  anticoagulants, injections, medicine 

  tachycardia, blood clot, ?pulmonary embolism 

  inpatient, admitted 

  x-ray, CT, VQ 

  previous positive for PE 

  sent home, discharged 

  normal x ray result, x ray showed nothing 

  "I cried for 2 hours", upset, lonely, extended wait 

    

Information leaflet  Received leaflet, Didn’t receive leaflet 

  

"Might increase anxiety." "previous leaflet on movements caused nightmares", May fixate on 

specific things* - risk for instance (from her anecdotal experience as midwife), didn't understand 

information 

  

I was a bit frightened it would harm the baby but once I read the leaflet I was fine, "put me at 
ease", "it was saying there was like very small risks of anything happening and that made me feel 

better, that was the only thing I was concerned with" 

  considered old fashioned 

  "What I was told and what was in the leaflet differed", "I was getting mixed stories" 
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they gave me a sheet of paper outlining what would happen for each one and the possible risks, 

but I was in the waiting room with other people, I did say to them could I possibly speak to like a 
some sort of consultant or somebody who does the scan and they did actually say they would get 

somebody but like nothing ever happened 

  

"I like to speak to someone about what I've read", prefer combination of written and in person 

counselling” 

    

Chest x ray risk/benefit communication No prior discussion/communication/counselling with consultant 

  Spoke to healthcare professional* consultant, nurse practitioner, EAU registrar 

  

he basically said that there was risks and it needed doing and he would feel happier if I had it, but 
I think I was that anxious I wasn't even thinking straight so I just agreed to it, "can't take the risk"  

"Risk is so very, very small that it doesn’t matter which sunk in better", it does (VQ) carry some 

radiation but from what they know it's an absolute minimum risk to baby if any", with consultant 

("risk is very small" 

   "the benefit outweighed the risk because you needed it", "risk of clots exceeds risk of exam" 

  

I can't remember exactly, but they said there was so many percentage of...it's very rare for 

anything to happen to baby "minimal risks to the baby and myself" 

  

 "no risk to baby", "x rays wouldn’t be harmful to baby or me", "they explained (ED nurse 
practitioner) that it wasn't ideal situation being pregnant and needing an x-ray", "it is safe for the 

baby", consultant conversation "it is safe for the baby" radiology discussion "it was alright 

obviously with the baby" "they said it was safe and stuff for the baby", "safe don't be concerned", 
"won't harm baby because of where x rays are", "we have women who have these scans all the 

time" 

  

 "much more safe for a pregnant woman than any other x-ray examination", "you have more 

radiation in your slides in the laboratory", "same as flight to America" 

    

  "I was asked if I was happy to proceed" 

  
"the poster said that x-rays were not safe but they wanted to do an x ray on me", anecdotal story 
of prior experience of being in waiting room and seeing the sign 

    



218 

 

  
"just that it would affect the baby slightly but he basically said anything to do with pregnancy and 
radiation there’s a risk all over so it was kind of just, it needs doing" 

  

I think at one point I said what risks but thinking back I can't remember what he said but all his 

answers were just basic if you know what I mean, like as if he didn’t want to go into too much 
detail, I think he thought I'd be frightened 

  

"small percentage of cancer in babies",  "very small risk of baby having cancer or being born with 

cancer" 

   "higher chance of miscarriage with CT because of radiation" 

    

    

    

  Attentive  

  Not attentive 

Patient response to communication 

basic/insufficient risk communication* "felt neglected/ignored, internally questioned what the 

risk was (why were they mentioning risk) 

  

 "I just feel like he didn’t wanna say too much because I think the way it seemed he thinks that I 

would have refused the scan or it would have put us off",  

  frightened * terrified, anxious 

  

What's going to happen to baby?, what will the effect be on baby, am I going to lose baby, 
teratogen risk concerns* "my concern was obviously the effect of any sort of scan would have on 

baby" 

  I'm used to going with the flow 

  have I really got a choice? (links to wider patient perspective category) 

    

  "This is out of my control" 
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Wider patient perspective (gained during 

pathway) 

 "I didn't want the x ray but I knew  I needed it", "if I did have a clot it was better to get the scan 

than to be dead", "  I was thinking to myself have  I really got a choice because ultimately if I did 
have a PE then I obviously understand  how serious that would have been", "PE ultimate risk", "it 

would be a bit worrying but if I didn't and something was to happen potentially put us both at 

risk".    "if you were my sister, you'd get it, I just thought well it can't be that much of a risk" 

    

    

Lung/CT scan/communication   

    

    

    

    

    

    

  

(mentioned things like small percentage of cancer in babies), "risk is small (no figures)", 

Absolute risk discussion (with radiographer) "Risk is so very, very small that it doesn’t matter 

which sunk in better", it does (VQ) carry some radiation but from what they know it's an absolute 
minimum risk to baby if any", with consultant ("risk is very small" 

    

  

"If you were my wife or my sister or whatever then I would tell you to get it"(with maternity 

consultant) ,  

    

Lung/CT communication patient response no concerns about information received  
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rushed, ill-informed/ignored " I did feel like I was sort of left to it, and I had to make a decision 

then and there kind of thing" 

    

  

"he did mention CT scan but he said to minimise the risk the other scan (VQ) was less risk, "CT 

would carry a lot more risk than that one (VQ) being pregnant, really not do a CT unless 

absolutely needed to"  "may have picked CT due to familiarity and not knowing risks" 

  "I didn't want to but I knew I needed it" 
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  *They knew what was best. (they had all the information and I didn’t" 

    

    

  "One team said not to worry whilst others were telling me I could die" 

    

  Decision fatigue,  

    

Practical aspects of test claustrophobic (VQ) 

  
Good experience with Medical Physics staff (well explained procedures, friendly, personable, 
attentive staff)  

  Received basic description of testing  

  didn't receive any basic description of testing  

    

    

Covid Covid restrictions  - on own (no family to confer with) 

  Difficult to communicate with mask (first time outside as had been self-isolating) 

    

    

Staff competence "everyone seem to know what they were talking about", staff were well trained 

  junior staff, not experienced 

    

    

Self-Research online NHS site 

  challenged based on own findings 

  

"As soon as you google something you're dying aren’t you", "you come across stuff that’s not 

real" 

    

  "calmed us down" 
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Radiation association 

 "it's associated with changes in cells and stuff so when people say radiation you don't think of 
good things", "extreme i.e. radiation poisoning, previous anecdotal incident with patient who was 

radioactive and told daughter to stay, experience with warning signs in hospital 

  "depends on the context", "can be used to fix people" 

    

    

Prophylaxis   

    

    

    

Post scan/experience reflection   

  

I regret not asking questions in that situation as a pregnant lady, feeling really emotional and 

scared, I didn’t ask questions that I would normally ask or challenge things, "If given the time 

may have asked more questions", "more likely to breastfeed now to offset any possible 

complications" 

  "Hope I haven't done any damage but then I just stop and think stop being stupid and forget it" 

  "Road map" for patient (link to innovation), central point of contact, standardised approach 

  unclear why test performed or what result meant 

  "don't think about it anymore", "baby is fine I don't have any concerns" 

  "too much information can be overwhelming" 

    

Misc. category   

The "professional" patient 

 -? assumed understanding * urology nurse , works with doctor, midwife, practice manager and 

clinical coder  
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