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ABSTRACT

Objective We aimed to explore the patient-centred
outcomes (PCOs) radiologists and radiologic technologists
perceive to be important to patients undergoing imaging
procedures.

Design We conducted a qualitative study of individual
semi-structured interviews.

Participants We recruited multiple types of radiologists
including general, musculoskeletal neuroradiology, body
and breast imagers as well as X-ray, ultrasound, CT or MRI
radiologic technologists from Washington and Idaho.
Outcome Thematic analysis was conducted to identify
themes and subthemes related to PCOs of imaging
procedures.

Results Ten radiologists and six radiology technologists
participated. Four main domains of PCOs were identified:
emotions, physical factors, knowledge and patient burden.
In addition to these outcomes, we also identified patient
and provider factors that can potentially moderate these
outcomes.

Conclusions Radiologists and technologists perceived
outcomes related to the effect of imaging procedures

on patients’ emotions, physical well-being, knowledge
and burden from financial and opportunity costs to be
important to patients undergoing imaging procedures.
There are opportunities for the radiology community to
measure and use these PCOs in comparisons of imaging
procedures and potentially identify areas where these
outcomes can be leveraged to drive a more patient-
centred approach to radiology.

INTRODUCTION

The primary focus of imaging test evalua-
tion involves establishing evidence of diag-
nostic accuracy.' There is, however, a growing
interest in looking beyond accuracy for
additional metrics to more fully evaluate the
outcomes of imaging procedures.” * Broad-
ening the scope of how imaging tests are
evaluated may lead to more nuanced under-
standing of the impact tests might have on
patient outcomes. Numerous frameworks
have been developed to guide the evalua-
tion of imaging tests;"™® one of the earliest,

Strengths and limitations of this study

» Semi-structured interviews from radiologists and
radiologic technologists is an appropriate method
to identify outcomes that radiologists and radiolog-
ic technologists perceive as important to patients
during imaging.

» Thematic analysis was used to identify thematic
patient outcomes and experiences radiologists and
radiology technologists reported in their patient
populations.

» We believe this is one of the first studies to include
the perspectives of radiologic technologists in the
exploration of patient-centred outcomes of imaging
tests.

» A potential weakness of the study is that interview-
ing both radiologists and technologists covering a
variety of imaging specialities and healthcare set-
tings provides some generalisability of perspectives,
but may not generalise to all imaging modalities,
geographical regions or practice settings.

» A potential weakness is that patient outcomes re-
ported in this manuscript were not obtained from the
patient perspective, but may still be of importance.

by Fineberg, introduced a hierarchical frame-
work thatincludes patient outcomes.’ Indeed,
this framework placed patient outcomes as
one of the most significant measures of clin-
ical efficacy, and suggested that evaluation
should include psychological factors as well
as more traditional clinical benchmarks.’
Other researchers have expanded on this
model, but all include patient outcomes at
or near the top of evidence in effectiveness
research.”™

Patient outcomes were a somewhat nebu-
lous concept in the original Fineberg frame-
work. Since then, patient-centred outcomes
(PCOs) have been defined as: ‘an assessment
of harms and benefits highlighting compar-
isons and outcomes that matter to people;
a focus on outcomes that people notice and
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care about; and the incorporation of a wide variety of
settings and diversity of participants’ and have emerged
as a research priority.'” Domains of PCOs can include:
emotional (psychological), social, cognitive, behavioural,
physical and cost.'' '* Although evidence to support these
domains and outcomes specific to imaging testing has
been limited, research from patients to date has identi-
fied PCOs related to impacts on emotions, the value of
the information gained, as well as physical side effects
from the testing process.13 14 However, there has been
little research exploring what radiologists and their care
teams, specifically radiologic technologists, perceive as
most important to patients. With growing calls for the
radiology profession to embrace a more patient-centred
approach, understanding the insights of the entire care
team may provide key enlightenment into PCOs. Tech-
nologists are frontline staff and as a result have direct
contact with patients that is unique and this provides
them with perspectives that other providers do not have.
We aimed to identify the outcomes that radiologists and
radiologic technologists perceive as important to patients
during imaging.

METHODS
We conducted a qualitative study using individual semi-
structured interviews with radiologists and radiologic
technologists, as part of a mixed methods research
programme called Patient Centered Outcomes of Diag-
nostics (PROD), which aims to develop new methods to
guide research and comparison of imaging procedures.
Participants were recruited using a convenience sample
from sites within a 5-state state (Washington, Wyoming,
Alaska, Montana and Idaho (WWAMI)) practice-based
research network, the WWAMI Practice and Research
Network, as well as contacts through a radiologist on our
research team. Volunteers were solicited through email.
Participants were eligible if they were either an X-ray,
ultrasound, CT or MRI technologist or general, musculo-
skeletal, neuroradiology, body or breast radiologist. Inter-
ested participants provided oral consent to be interviewed
and were compensated with a gift card for participation.
The interview guides developed by the study team (MZS,
JGJ, AB and MJT) and were informed by the previous
diagnostic evaluation frameworks and PCOs reported
from previous research with patients, as well as feed-
back from the PROD study Stakeholder Advisory Board
(consisting of patients, clinicians, researchers, industry
and scientific organisations)."" " '° Interview questions
were framed to follow the testing timeline of before,
during and after imaging testing. The interview guides
included a brief introduction about the study goals and
questions on participant demographics, then remaining
questions focussed on interviewees’ roles in caring for
patients, determining test appropriateness, communi-
cating with patients and observations of patient experi-
ences. Both a radiologist and a radiologic technologist

on the research team reviewed each interview guide for
relevance and appropriateness to the job roles.

Data collection occurred from February 2017 to
December 2017. Enrolled subjects participated in a
single semi-structured interview in person or by phone.
Interviews lasted from 45 to 60 min and were conducted
by a trained interviewer (MZS). The interviewer did not
have a prior relationship with study participants and was
identified as a research coordinator to the participants.
Interviews were audio recorded and transcriptions were
checked for accuracy. Interviews (n=16) were conducted
until data saturation was achieved, defined as: no addi-
tional themes emerged from the interview."®

Transcripts were uploaded to qualitative analysis soft-
ware (Dedoose V.7.0.23, Los Angeles, California: Socio-
Cultural Research Consultants, LL.C, www.dedoose.com).
Researchers (M]JC, MZS and VH) immersed themselves
in the same three transcript texts. Each researcher identi-
fied text excerpts important to the research question and
derived codes from this text. The researchers compared
codes and refined codes as needed (MJC, MZS and VH),
to develop a codebook of a defined set of codes. This code-
book was applied to an additional transcript and refined
through an iterative process until a final codebook was
developed. Final codes included: test appropriateness,
communication, interaction with the patient, outcomes
from accuracy, barriers or facilitators to testing, impacts on
care delivery, accommodations made for patients, percep-
tion of patient outcomes and what drives patients. Two
researchers (MJC and MZS) applied the final codebook
to the remaining transcripts; discrepancies in coding were
reconciled by a third researcher (VH). The initial four
transcripts were also reviewed using the final list of codes.
Code excerpts were then reviewed by three researchers
(MJC, MZS and VH) and analysed for common themes
and subthemes through thematic analysis.'” Themes were
compared with previous findings from the PROD study
to confirm outcomes and to present novel outcomes that
emerged from this new perspective.'” '®

Patient and public involvement

The PROD study recruited 26 stakeholders to participate
on the PROD study Stakeholder Advisory Board. There
were eight patients/patient advocates, four primary
care clinicians, one radiology technologist (one radiol-
ogist on the core research team), five researchers with
expertise in methods evaluating diagnostic tests, four
imaging industry representatives, three senior staff from
the American College of Radiology and one stakeholder
from a healthcare non-profit organisation. Stakeholders
were involved in study design through development of
the interview guide, evidence interpretation on identi-
fication of study themes and development of the manu-
script. Stakeholders were not involved in recruitment or
data collection for this study. Lastly, there is no formal
plan to disseminate results to specific participants, we will
however, share study results back to the study sites that
participated as recruitment sites.
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Table 1 Characteristics of radiologists and radiologic
technologists interviewed

Data availability
No additional data available.

N=16

Gender

Female

Male 10
Race and ethnicity

Asian 3

Black or African-American 0

Hispanic or Latino 0

Mixed race 1

White 12
Provider type

Radiologic technologist 6

Radiologist 10
Year completed training

Range in year 1975-2017
Age

Mean years (range) 44 (26-67)
Clinical practice setting

Outpatient 6

Inpatient and outpatient 10

RESULTS

Participants included 10 radiologists specialising in body
(abdominal, cardiovascular, cardiothoracic), neurora-
diology, musculoskeletal, generalist and breast imaging,
as well as six radiologic technologists with specialities of
sonography, X-ray, MRI and CT (table 1). No participants
dropped out of the study due to the sampling method
and short time frame.

Four domains of PCOs were identified through
thematic analysis. Included in these domains are specific
outcomes, as well as moderators that appear to influence
these outcomes. We applied the definition of moderator
as a variable that specifies when certain effects hold, such
as the direction or the strength of a relationship between
the predictor (in this case imaging testing) and the
PCO." (figure 1).

Emotional outcomes

Radiology providers identified a range of emotional
outcomes tied to their perceptions of patients’ responses
to imaging testing. Negative emotions appeared in the
pre-testing phase in the form of fear, worry, stress or
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anxiety about future test results. Radiology providers
observed that these emotions often continued through
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Domains of patient-centred outcomes from imaging procedures and potential moderating factors. Domains: physical,

knowledge, patient burden and emotion can be found in the four boxes at the centre of the figure with branching boxes for
specific patient outcomes and moderators that were identified for each domain.
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the process of image acquisition, described by the
following radiologist:

In terms of the patient experience, people are anx-
ious. Especially since we only do targeted ultrasound
if there is a specific area of concern. When we're do-
ing an ultrasound, they are worried about what we
might be seeing. If you don't say anything, they get
worried. If you take pictures, they get worried. — R9

As evidenced from the quote above, factors such as
patient’s level of knowledge, the physical experience
and provider actions were believed to moderate patients’
emotional responses to imaging. Communication often
helped to attenuate negative emotions by reducing
anxiety, helping patients feel comforted and reassured:

I did a breast biopsy earlier today. That woman was
scared to death. She had never had one...She was
worried it was gonna hurt, and I had to take more
time than normal to explain things... Her impact, at
least coming in, was she was very scared and nervous.
When she left she was happy, because she got good
care. — R8

Technologists appeared to play a particularly promi-
nent role during the testing process in helping to induce
positive emotions, as explained by one technologist:

They come in... and they're very scared... I feel like
if you give them excellent patient care, I feel like it
calms them down a little bit, make them feel comfort-
able, just reassuring them that they're in good hands,
that I'll take care of them. — T4

Other factors that were identified as moderating
patient’s emotional reactions included patients’ cultural
background, the reason for testing and prior experi-
ence with imaging. A further moderator appeared to be
patients’ apparent loss of control over the imaging testing
process, which could further influence their emotional
responses.

It seems like a lot of the time that they [patients] just
kind of go with the flow... It seems like a lot of them
don't understand that they have the opportunity to
refuse that [imaging test] or not necessarily refuse
but to question exactly why they're going to be having
a certain study. — T2

Physical outcomes

Patients’ physical experiences were readily apparent
to radiology providers, and included level of comfort
or discomfort/pain, vulnerability/exposure and side
effects of the testing procedure. A number of technol-
ogists described that making the patient as comfortable
as possible sometimes conflicted with their goal of trying
to obtain optimal quality of images. This was sometimes
complicated by the particular needs of a patient and the
restrictions of imaging modalities to meet these needs
(eg, patient body size or physical limitations). One

technologist explained the interactions between physical
discomfort and image quality:

She was just hurting, it just hurt. And I tried to make
sure that I didn't make it worse. So she cried the
whole time... You just kind of have to do it [imaging
test], and try to be careful. — T1

Interviewees felt that some patients are particularly
vulnerable or physically exposed during imaging. This
physical experience was often perceived as being influ-
enced by patients’ cultural backgrounds:

There's a certain population around our area and just
people in general depending on how you were raised,
that disrobing is completely like, whoa, you just asked
me to take my clothes off. That's something that I've
come across a few times, but people are like, well, I'm
not so sure I can do that. — T2

Radiology providers were aware of physical adverse
reactions to contrast media and radiation exposure.
While acknowledging these risks, their level of commu-
nication about them to patients varied among providers,
but was typically minimised.

I think there's almost no risk to any diagnostic test
we do... Apart from bad hardware interactions with
MRI... There's a baseline risk to using ionising radia-
tion, butit's tremendously low. It's one of those things
that you have to validate the concern, but at the same
time trying to explain that there's no real concern...
I think it's because it's a lack of familiarity on the pa-
tient’s part of how the stuff works and people worry
about stuff. — R1

Knowledge outcomes

Radiology providers noted several outcomes within the
domain of knowledge. One outcome was the extent to
which the imaging test was able to fulfil patients’ expec-
tations of the information they hoped to gain from the
test. An expectation that testing would yield answers to a
patient’s concerns, and pressure from the patient them-
selves to conduct imaging to ‘find the answer’ was noted
by interviewees:

I think that imaging is kind of a necessity in the pa-
tient's mind now. It used to be prescription drugs, but
it's like they come into the emergency department or
their doctor's office and they expect us to look inside
their body somehow and give them an answer. I think
it's just a huge role for the patient's peace of mind
even. Like I've got chest pain, I want you to do a chest
X-ray... —T6

At other times, expectations to provide answers could
not be met. This occurred with patients who appeared to
have unrealistic expectation of the imaging procedure.

A lot of times there's unreal expectations placed on
an exam where they think they're going to be getting
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an answer. It's just not realistic to expect a diagnosis
of the test typically. We're not pathologists. We don't
see the actual cells. —R3

Radiologists acknowledged that patients are often unin-
formed about why they were getting the test, what they
should expect and what the information would lead to:

I feel like they're [patients] probably mostly in the
dark. A lot of times they're not really sure why they're
getting the exam. They are never aware of what's ac-
tually going to be seen on the exam. I would say the
whole process is kind of hidden from the patient. I'm
sure they would appreciate being more informed on
what is going on and why... — R3

A further outcome within the domain of knowledge
focussed on how and what to inform patients including
communication about test results, next steps in their
healthcare, risks of testing and test indications.

I found the more information you give people about
what is actually going on, the more receptive they are
and relaxed about it. People are really afraid of the
unknown, and there's a ton of unknowns in MRI. - T5

While providing clear communication was seen as
positive by some providers, others struggled to know
how much to share with a patient, and was sometimes
moderated by challenges with language, literacy level and
cultural differences.

Also, there is a risk of telling people too much. When
they don't want to have life-saving procedures be-
cause they're freaked out. You don't want to tell them
what to do or manipulate them, but there's a line.
You can also set expectations. If you tell them, “This is
going to be unpleasant and cold,” ... Again, you don't
want to be dishonest, and you want to be honest, but
you also don't want to suggest things that they may
not experience. — R6

Patient burden

Radiology providers recognised several burdens related
to the imaging process that they considered important
outcomes for patients. First, was the time and opportunity
costs of having the imaging test, such as time off work,
travel times particularly for patients living in rural areas or
waiting time to get the test performed. Another outcome
was the financial burden and the extent to which insur-
ance would or would not cover the costs of the imaging:

There's all sorts of roadblocks. Especially an out-
patient test, because you have to be off that day or
get time off from work, go to this outpatient centre,
wait in a waiting room. It takes a lot of time. Another
obstacle is having insurance. If you don't have insur-
ance, then getting a really expensive test is difficult.
You might even have to pay for it yourself.—R7

At times, these burdens were seen as barriers to
obtaining needed tests. Burden was moderated by insur-
ance denying coverage, how the patient was informed
(communication and education) or the level of impor-
tance placed on the patient voice (patient concerns) and
how that was addressed. Outcomes in this domain include
out-of-pocket money, time (to schedule, take the test,
get the results, to get answers to questions or concerns),
amount of imaging or effort (due to incidental findings
or wrong image taken).

DISCUSSION
Main findings
Radiologists and radiologic technologists describe
multiple different outcomes that they perceive as
important for their patients undergoing imaging testing.
These included outcomes related to patients’ emotional
reactions (eg, reassurance or anxiety), outcomes from
the physical effects of testing (eg, discomfort and test side
effects), those related to the information gained (eg, to
help explain symptoms or to answer patient’s questions)
and outcomes related to the burden of the procedure
(eg, financial and opportunity costs). These outcomes did
not occur in isolation from the care team, but were often
strongly influenced or moderated by the radiologist or
radiologic technologist. Other factors that could modify
the outcomes experienced by patients included patients’
previous experiences, their underlying health status,
baseline level of knowledge, their self-efficacy (usually
identified as loss of control within the testing environ-
ment), expectations of the imaging test (realistic and
unrealistic), insurance status and cultural background.
We compared outcomes where possible from perspec-
tives of radiologists and radiologic technologists. Apart
from a minority of radiologists (those specialised in
breast, interventional or overseeing contrast injections),
most had minimal direct ‘face to face’ contact with
patients. Most radiologists felt that their primary client
was the clinician ordering the test, and not necessarily the
patient. In contrast, radiologic technologists acted as the
primary point of contact with patients during imaging,
serving as the main source of communication between
the ordering provider, radiologist and patient. Technolo-
gists had tremendous opportunity to address or influence
patients’ emotions, knowledge and some physical and
patient burdens at point of care. In their interaction with
patients, technologists were often able ease fears, comfort
patients, meet special needs, listen to patients and set
patient expectations. Indeed, a recent study on muscu-
loskeletal imaging found that staff had an overall positive
impact on patient experience of testing.”” A second study
confirms the importance of technologists over radiolo-
gists and their behaviour in patients’ valuation of excel-
lent care.”’ Technologists’ inability to provide imaging
test results (as this is outside their scope of practice),
sometimes led to patient frustration and anxiety for those
wanting immediate answers.
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Comparison with existing literature

Several of the PCOs characterised by this study have been
previously identified by the research team during two
previous studies, one from the perspectives of patients
themselves and one from the perspectives of referring
clinicians. Patients identified knowledge gained, contri-
butions to healthcare, experiences during testing and
impacts on emotion as patient-centred outcomes of
imaging tests."? Primary care providers were able to
connect the outcome pathways a bit more and reported
that the answers provided from imaging tests influenced
emotional outcomes and that there is additional burden
on the patient from added testing, monetary and phys-
ical risks.'® This evidence of triangulation from the four
perspectives strengthens support for the occurrence and
potential importance of these outcomes among patients
undergoing imaging testing."” '® Indeed, previous
research has highlighted the importance of psychoso-
cial/emotional outcomes (often described as stress,
anxiety or reassurance),”** as well as physical impacts of
tests (including comfort/ discomfort)® and the value of
information to patients such as knowledge about the test,
awareness of harms, value (or lack of value) of knowing
test ﬁndings.13 2025271y contrast, the burden of testing to
patients has received less attention, apart from the issue
of waiting times and its impact on emotions and life plan-
ning, as well as the issue of burden from loss of control
that some patients experience.20 » Other outcomes that
were reported in the literature were not identified from
our interviews, such as impact on behavioural or social
outcomes.'' 2 2 % 2 ¢ is possible that these additional
outcomes might be more prominent in longer-term
follow-up to imaging testing and may be important to
explore in future studies.

Strengths

This study provides a novel insight into the awareness
that radiology providers have about the outcomes that
patients experience when undergoing imaging exams.
In particular, we believe this is one of the first studies
to include the perspectives of radiologic technologists
who provided particular insight based on their key roles
within the imaging process. Technologists’ direct contact
with patients provides a unique perspective radiologists
cannot provide. Past research has been limited to disease
or modality specific topics. We believe that covering a
variety of imaging specialities and healthcare settings is
a strength of this study because it can corroborate past
research and has found commonality across modalities/
settings.

Limitations

While qualitative research provides a high level of depth
on a topic, our findings are limited due to the small sample
of providers whose experiences may not be generalisable
to other imaging modalities, geographical regions or
practice settings. While data saturation was achieved, the
sample size was small. A convenience sample of providers

was chosen further creating sampling bias. These results
should be confirmed in a wider random population of
radiology providers. We also do not know the relative
importance of outcomes to patients (and providers);
these should be evaluated through additional qualitative
research and validated through quantitative methods.
The researchers also recognise that their thematic anal-
ysis may have been influenced by previous research that
they have conducted in this area or biassed from their
own perspectives.

Implications for research, clinical care, patients

What do our findings mean for the radiology profession?
It is clear that the full value of imaging testing involves
more than ‘just’ providing an accurate and timely test
result. There seem to be a complex array of outcomes
related to patients’ emotional, physical factors and patient
burden domains that occur during imaging, on top of the
perceived and actual value of the information provided
by the test. This implies that comparing tests solely based
on their comparative accuracy may be insufficient, and
risks can both be underestimated or overestimated in the
benefit/risk equation of imaging procedures. At present
however, these outcomes are not routinely measured or
reported in current comparative studies of diagnostic tests
nor do we know how to rank or prioritise them within a
patient’s overall experience and outcomes.'* If the field
of radiology moves to change direction to become more
of a patient-centric speciality, it will be necessary to find
tools to measure these outcomes, prioritise (or weight)
these outcomes and devise ways to incorporate them
within shared decision-making with patients.
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