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Abstract

Background: Imaging tests are one of the most sophisticated types of diagnostic tools used in 

health care, yet there are concerns that imaging is overused. Currently, tests are typically evaluated 

and implemented based on their accuracy, and there is limited knowledge about the range of 

patient-centered outcomes (PCOs) that imaging tests may lead to. This study explores patients’ 

experiences and subsequent outcomes of imaging tests most notable to patients.

Methods: Adult patients from four primary care clinics who had an x-ray, CT, MRI, or 

ultrasound in the 12 months before recruitment participated in a single semistructured interview to 

recount their imaging experience. Interview transcripts were analyzed thematically.

Results: Four themes related to PCOs were identified from 45 interviews. Participants’ mean age 

was 53 years (25-83 years), 30 had undergone a diagnostic imaging test, and 15 underwent 

imaging for screening or monitoring. Themes included knowledge gained from the imaging test, 

its contribution to their overall health care journey, physical experiences during the test procedure, 

and impacts of the testing process on emotions.

Conclusions: Patients identified various imaging test outcomes that were important to them. 

Measurement and reporting these outcomes should be considered more often in diagnostic 

research. Tools for providers and patients to discuss and utilize these outcomes may help promote 

shared decision making around the use and impact of imaging tests.
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INTRODUCTION

Imaging tests fulfill multiple roles in primary care, including screening, diagnosis, and 

monitoring of disease. A recent survey found that imaging tests were ordered or conducted 

in approximately 14% of office visits in the United States [1]. The United States ranks as 

one of the highest users of advanced imaging tests among high-income countries [2]. 

Frequent use of imaging tests reflects not only their clinical value but also concerns of 

medical malpractice and patient pressure for greater diagnostic certainty. However, there are 

growing concerns that some imaging tests are overused [3]. In a national survey, three 

quarters of US physicians indicated that unnecessary medical tests, including imaging tests, 

constituted a “very or somewhat serious problem” [4]. Organizations such as the American 

Board of Internal Medicine’s Choosing Wisely campaign have highlighted imaging tests that 

are frequently overused and should be used judiciously [5,6].

To facilitate appropriate utilization of imaging tests, clinicians and patients need information 

and effective tools to weigh their risks and benefits. Currently, the utility of imaging tests is 

predominantly guided by diagnostic accuracy and the consequences of false-positives and 

false-negatives [7] rather than a comprehensive evaluation of all positive and negative 

outcomes, including nonclinical outcomes [8]. An evidence-based summary of the effects of 

imaging on patient-centered outcomes seems essential for facilitating value-based health 

care decisions.

To promote judicious use of imaging tests, initiatives to better understand patients’ 

experiences of these tests are vital. This could facilitate the design and development of tools 

that enable physicians and patients to navigate the complexities of decision making together, 

taking into account patient-centered outcomes (PCOs) [9]. PCOs include experiences 

important to patients, such as biomedical, cognitive, emotional, social, financial, physical, 

and behavioral effects of imaging tests [10–14]. Researchers have proposed that studies of 

imaging tests should evaluate the direct impact on patients and establish the potential “net 

benefit” to the patient [8,15]. The aim of this study was therefore to explore patients’ 

experiences and subsequent outcomes of imaging tests, identified from family medicine 

clinics in the United States. This study is part of a larger project called the Patient-Centered 

Research for Standards of Outcomes in Diagnostic Tests (PROD), which aims to provide 

guidance for patients, clinicians, and researchers on more comprehensive ways of evaluating 

the risks and benefits of imaging tests.

METHODS

Study Design

We qualitatively explored imaging test experiences that patients noticed and reported 

through semi-structured interviews [10]. These experiences were explored for thematic 

trends to identify PCOs related to their testing experience(s).

Participants and Setting

Study sites were enrolled through the WWAMI region Practice and Research Network, a 

practice-based research network in the 5-state Washington, Wyoming, Alaska, Montana, and 
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Idaho (WWAMI) area. Participants were recruited from four family medicine clinics across 

Washington and Idaho: a large urban medical center, an urban clinic, a small urban federally 

qualified health center servicing rural areas, and a rural-serving nonprofit community health 

center. Participants were identified through electronic medical record queries from the 

following criteria: aged 18 years or older, ability to communicate in English, received at 

least one imaging test (including mammogram, joint, limb, or body x-ray, pelvic or 

abdominal ultrasound, abdominal or lung CT, back or head and neck MRI), for any reason, 

within 12 months before recruitment. Patients were excluded if they had a terminal illness or 

cognitive impairment. Participants were recruited through purposive sampling by imaging 

modality, gender, age, and insurance coverage to ensure diversity in participants and 

experiences. The University of Washington Human Subjects Division approved this study. 

All participants interviewed provided informed verbal consent and received a $50 gift card 

for participation.

Data Collection

A number of frameworks that outline PCO domains of diagnostic tests directed the 

development of the semistructured interview guide [12–14,16]. We designed the guide with 

guidance from these frameworks to elicit the patient experiences of emotional, cognitive, 

behavioral, physical, financial, and other outcomes that could occur before, during, and after 

an imaging test. Patient demographic, health insurance, and imaging history information 

were also collected during the interview. Interview guides were reviewed and revised by the 

PROD study patient stakeholder advisory group as well as research champions or 

coordinators at each study site before use. The interview guide was revised twice after data 

collection began, once to refine clarity of wording and once to prompt details of outcomes 

mentioned in previous interviews.

Interviews were conducted by phone between September 2016 and March 2017 by one of 

three trained interviewers (M.L.Z.S., E.W., and A.R.T.). Participants were recruited and 

interviewed until thematic saturation was met, meaning no more new themes emerged from 

the data [17]. Interviews, varying between 15 and 45 min, were recorded and transcribed. 

Transcripts were reviewed with the audio for accuracy and contextual details by the 

interviewer and a second researcher.

Analysis

Development of a coding framework commenced midway through data collection. After 

data immersion, two researchers (M.L.Z.S., E.W.) initially coded five transcripts using open 

coding, assigning descriptive terms to portions of text [18,19]. Initial codes were organized 

into potential categories and subcategories, which were presented to the broader PROD 

study team and patient stakeholder advisory group. Revisions to this initial framework were 

implemented based on feedback from these groups. Steered by the transcript text, codes 

were developed, refined, and organized into categories and subcategories through an iterative 

process.

Thematic analysis informed our exploration of patient experiences [20,21]. Two coders 

(M.L.Z.S. and E.W.) completed coding by applying the final coding framework to the entire 
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interview text. A third coder (A.R.T.) reconciled discrepancies in data interpretation. 

Through an iterative process of coding, reconciling, and discussion, coders came to a 

consensus about coding application. Dedoose qualitative analysis software (Dedoose Version 

7.0.23, Los Angeles, California: SocioCultural Research Consultants, LLC, 

www.dedoose.com) was used to facilitate data analysis. Excerpts from the coded transcripts 

were reviewed. Pertinent codes were organized into potential themes and subthemes 

representing PCOs [20]. Final themes were defined and quotes selected to represent those 

themes.

RESULTS

Over the data collection period, 141 eligible patients were approached for participation, of 

whom 63 agreed to participate. Eighteen could not be reached for interview, and 45 

successfully completed an interview. Recruitment concluded after saturation had been met 

(ie, no new topics emerged). Participants’ mean age was 53 years (range: 25-83) (Table 1). 

Of those interviewed, 30 experienced an imaging test for diagnostic reasons and 15 for 

screening or monitoring. Thirty-two participants reported their provider as the main reason 

for having the test. The majority of patients, 31 reported no financial concerns related to 

their imaging test. Eleven patients had concerns about financial costs of the test or broader 

costs, such as days lost from work. Thematic analysis produced four themes identified as 

influential to the patient experience (Fig. 1).

Knowledge Gain

The desire “to know” or “find answers” was raised by patients as the main motivation for the 

test (Table 2). The knowledge obtained from imaging tests was seen as a valuable outcome. 

Patients’ emotions about the test shifted as knowledge developed depending on what point 

during imaging they discussed: before—knowledge void or fear; during—wonder or 

anticipation; or after a test—conclusions drawn from the test. On the positive side, patients 

were relieved by learning their symptoms were not caused by something serious or if results 

led to an answer. Uncertainty that remained even after testing led to negative impressions of 

the test. Although patients rarely mentioned downstream outcomes as a potential risk before 

having a test, those who received indeterminate, incidental, or inconclusive test results 

reported negative emotional outcomes, such as worry and frustration, about why the test had 

been ordered. Also, patients’ prior knowledge or understanding about the test’s purpose or 

capability seemed to leave them unprepared for these scenarios.

Contribution to Their Health Care “Journey”

Patients typically considered symptom resolution as a main benefit to testing and reported 

satisfaction with an imaging test if this was achieved, testing furthered their “journey” 

through the health care system (Table 3). In situations where the test did not lead to 

symptom resolution or a treatment strategy, patients accepted this as long as they felt that a 

serious illness had been ruled out. If not, patients were frustrated with having to go through 

steps with inconclusive results.
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Another outcome for some patients undergoing imaging testing was whether it led to referral 

to a “higher level” of care. Access to someone with more knowledge of the affected area or a 

higher level of imaging, such as MRI, seemed important to patients. Moreover, 43 patients 

mentioned undergoing at least one prior imaging test. Thus, imaging tests were generally 

viewed by patients as being quite common and familiar and not particularly remarkable.

Direct Experiences During Testing

Patients identified a number of direct physical experiences related to the performance of the 

test that influenced their perceptions (Table 4). General discomfort during the test included 

pain from holding certain positions, noise, or claustrophobia. In patients’ reflections on their 

perceived risks of the test, patients almost exclusively focused on the physical risks; broader 

risks, such as cost or additional testing, were not widely reported. This finding corresponds 

to the 32 patients reporting that there were either no anticipated risks or had not been told of 

any risks to the imaging test. In contrast, other patients noted that some tests (eg, plain 

radiographs, ultrasound) were more comfortable, took less time, or were simpler compared 

with more sophisticated imaging. Patients with prior experience with the imaging test 

modality recounted fewer physical or emotional responses during the testing process.

Impacts on Emotion

A pervasive theme that emerged was the effect of testing on patients’ emotional experience 

(Table 5). Prominent emotional outcomes resulting from imaging tests included 

dichotomous experiences of peace of mind or reassurance and worry. Patient expectations, 

originating from personal experience or prior knowledge, served as a cause of emotional 

response to their imaging test. Patients recounted knowledge from previous health care 

encounters, Internet searches, or anecdotes from family or friends’ testing experiences. This 

prior knowledge influenced expectations and thoughts about the test, including perceived 

test capabilities and risks. Patients reacted emotionally to the test when they encountered 

unexpected testing procedures; for example, being surprised by the number of images 

required or unexpectedly receiving injected contrast medium. Medical staff played a 

significant role in managing patient emotions around testing. Depending on their actions 

toward patients, medical staff members either exacerbated emotions of frustration or worry 

or provided comfort or relief.

DISCUSSION

Main Findings

We set out to explore the outcomes that patients experience when undergoing imaging tests 

in primary care to inform more patient-centered approaches to decision making around use 

of imaging tests. The four PCOs that emerged from patients’ experiences with various 

imaging modalities included knowledge gained from the test, contribution to their overall 

health care journey, direct experiences during the test procedure, and impacts of the testing 

process on emotions.

An unanticipated finding was the importance patients placed on the knowledge that their test 

provided, even if this did not always directly influence their health care. Furthermore, 
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patients seemed to view imaging tests as routine and as an overtly accepted component of 

their health care experience. This may be a reflection of the frequent use (or overuse) of 

imaging, with its increasing availability within physicians’ offices and the rise in frequency 

of complex imaging (CT, MRI) [22]. It may also reflect greater patient demand for tests and 

patients’ desire for greater diagnostic certainty [23].

The GRADE approach to developing clinical guidance for diagnostic tests incorporates 

testing accuracy as a surrogate to patient-important outcomes, such as a test’s clinical impact 

on downstream testing and actionable diagnoses, but does not include the additional 

attributes or PCOs that our study suggests may be important to patients [24–27]. Research 

on cancer screening has found that although the consequences of inaccurate tests were 

potentially concerning at the time, they did not change patients’ positive feelings about 

screening tests [28,29].

Comparison With Existing Literature

Little research exists on which outcomes patients identify or prioritize related to imaging 

tests. Although sparse, our findings mirror existing evidence where PCOs related to 

screening tests have been reported. The cancer-screening literature provides evidence that 

false-positive mammograms and other screening tests can lead to emotional distress as well 

as reassurance and can be associated with physical discomfort [14,30–32]. In two reports, 

screening was viewed positively overall, with the knowledge gained far outweighing any 

negative implications from screening [31,32].

Patients undergoing other forms of imaging also described outcomes, such as pain, fear, 

anxiety, as well as the value of information gained about their diagnoses, that gave them a 

sense of control over their health care [33–35]. Knowledge about a diagnosis has also been 

observed to relieve anxiety in multiple studies [36–38]. Our study strengthens these findings 

that knowledge (or lack thereof) from test results is related to the emotional impact. 

Leveraging the link between knowledge and emotion could improve outcomes for patients.

Strengths and Limitations

This is one of the first studies addressing PCOs across a wide range of imaging modalities 

and clinical conditions in primary care. Recruiting patients with diverse imaging modalities 

and clinical experiences, drawn from family medicine settings in four different locations, 

strengthens our generalizability. We acknowledge several limitations to our study. First, our 

broad scope limited our ability to explore PCOs in depth for every combination of modality, 

clinical condition, and patient demographic. Our preference for breadth may overlook 

important PCOs for certain patients and scenarios. Second, our study was conducted in 

English only, limiting the populations whose experiences could be included in this research. 

Third, given our inclusion criteria, we could not capture perspectives of patients who had a 

test ordered but decided not to proceed with it, nor patients from other clinical specialties; 

these should be explored in future research. Finally, recall bias is a potential concern, 

although 82% of respondents had their test within the previous 3 months. We did not explore 

concerns or anxieties around pending test findings because all patients had received test 

results.
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Implications of Findings for Clinicians, Researchers, Policymakers, Other Stakeholders

Our findings suggest several outcomes of imaging tests that are important to patients. The 

primary outcome was the knowledge gained from imaging tests. Patients reflected on 

physical experiences of tests and valued tests that produced information that direct care 

decisions and ease emotions. Also, previous imaging test experiences and encounters with 

medical staff influenced patients’ perceptions of the quality of care.

There seems to be a disconnect between current studies evaluating imaging tests and what 

patients care about, given that at least some of these outcomes are not routinely measured or 

included in clinical decision-making guidelines about tests. To fully capture the potential 

benefits and risks of imaging studies, researchers need to derive consistent ways to identify 

and measure a broader set of outcomes alongside accuracy measures.

In clinical practice, discussing with patients why a test is being ordered, what the other 

options are (including other tests, or not testing at all), and how the information gained will 

inform care can facilitate improvements in the decision-making process and set clearer 

expectations of imaging [5]. Additional research into improving patient understanding about 

diagnostic imaging tests should be a priority. Overall, our results suggest that the full range 

of risks and benefits that patients perceive from imaging testing is more complex than “test 

accuracy” alone.
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TAKE-HOME POINTS

• Knowledge gained from imaging tests, contributions to the health care 

journey, direct experiences during testing, and impacts on emotions are all 

PCOs that should be considered when evaluating and reporting imaging tests.

• Above and beyond accuracy measures, researchers need to derive consistent 

ways to identify and measure a broader set of PCOs.

• Additional research into improving patient understanding about diagnostic 

imaging tests should be a priority.
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Fig 1. 
The four qualitative themes and their PCO subthemes comprising the patient imaging test 

experience.
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Table 1.

Description of study participants

Characteristics n %

Gender

 Male 14 31

 Female 31 69

Race and ethnicity

 American Indian or Alaska Native 1 2

 Black or African American 4 9

 White 35 78

 Hispanic or Latino (of any race) 4 9

 Other 1 2

Age range

 18-39 10 22

 40-59 21 47

 60 and above 14 31

General health

 Excellent 4 9

 Very good 10 22

 Good 16 36

 Fair 12 27

 Poor 2 4

Insurance type

 Private 11 24.4

 Medicaid 20 44.4

 Medicare 14 31.1

Education level

 Some primary or secondary school, no diploma 9 20

 High school graduate or equivalent 12 27

 Some college, no degree 5 11

 Undergraduate and graduate education 19 42

Current employment status

 Employed 14 31

 Not working (retired, unemployed, student) 31 69

Type of test

 MRI 11 24.4

 Ultrasound 12 26.7

 CT 5 11.1

 X-ray 13 28.9
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Characteristics n %

 Mammogram 4 8.9

Time between imaging test and interview (months)

 0-3 37 82.2

 3-6 6 13.3

 6-9 0 0

 9-12 2 4.4
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