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Abstract
Background De-implementation requires understanding and targeting multilevel determinants of low-value 
care. The objective of this study was to identify multilevel determinants of imaging for prostate cancer (PCa) and 
asymptomatic microhematuria (AMH), two common urologic conditions that have contributed substantially to the 
annual spending on unnecessary imaging in the US.

Methods We used a convergent mixed-methods approach involving survey and interview data. Using a survey, we 
asked 33 clinicians (55% response-rate) to indicate their imaging approach to 8 clinical vignettes designed to elicit 
responses that would demonstrate guideline-concordant/discordant imaging practices for patients with PCa or AMH. 
A subset of survey respondents (N = 7) participated in semi-structured interviews guided by a combination of two 
frameworks that offered a comprehensive understanding of multilevel determinants. We analyzed the interviews 
using a directed content analysis approach and identified subthemes to better understand the differences and 
similarities in the imaging determinants across two clinical conditions.

Results Survey results showed that the majority of clinicians chose guideline-concordant imaging behaviors for PCa; 
guideline-concordant imaging intentions were more varied for AMH. Interview results informed what influenced 
imaging decisions and provided additional context to the varying intentions for AMH. Five subthemes touching 
on multiple levels were identified from the interviews: National Guidelines, Supporting Evidence and Information 
Exchange, Organization of the Imaging Pathways, Patients’ Clinical and Other Risk Factors, and Clinicians’ Beliefs and 
Experiences Regarding Imaging. Imaging decisions for both PCa and AMH were often driven by national guidelines 
from major professional societies. However, when clinicians felt guidelines were inadequate, they reported that their 
decision-making was influenced by their knowledge of recent scientific evidence, past clinical experiences, and the 
anticipated benefits of imaging (or not imaging) to both the patient and the clinician. In particular, clinicians referred 
to patients’ anxiety and uncertainty or patients’ clinical factors. For AMH patients, clinicians additionally expressed 
concerns regarding legal liability risk.
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Background
Through the Choosing Wisely campaign and similar 
initiatives, the use of low-value care (LVC) has gained 
attention [1, 2] and increased recognition of the need 
for de-implementation in practice [3]. Inappropriate and 
unnecessary imaging is one type of LVC which comprises 
approximately $30 billion of unnecessary annual spend-
ing in the US [3]. While imaging can allow clinicians to 
detect and diagnose medical conditions, including can-
cer, earlier and more accurately [1, 2], extant research 
indicates that imaging often has low-value – i.e., used 
when not clinically meaningful. In particular, there has 
been a continuous effort to identify the most cost-effec-
tive strategy for the diagnostic evaluation of patients with 
low-risk prostate cancer (PCa) and patients with asymp-
tomatic microhematuria (AMH) to reduce unnecessary 
costs and to increase diagnostic accuracy [4, 5]. Prostate 
cancer is the most common cancer diagnosed in men 
in the US, with over 250,000 men projected to be diag-
nosed in 2022 [6]. Despite the recommendations against 
low-value imaging from the Choosing Wisely campaign 
[7] and the ‘Less is More’ movement [8], as well as simi-
lar stances of professional societies such as American 
Urological Association (AUA) and American Society of 
Clinical Oncology (ASCO), low-value imaging remains 
common; up to 48% of patients with low-risk PCa receive 
potentially avoidable imaging [9, 10]. For instance, rou-
tine CT of the pelvis or bone scan for men with very low- 
or low-risk PCa may be considered low-value imaging. 
Similar to the context of PCa, hematuria is frequently 
encountered in clinical practice, with millions of patients 
referred to urologists for further evaluation [11]. The 
High Value Care Task Force of the American College of 
Physicians has called into question the need for intensive 
imaging of patients with AMH [12]. Most recently, the 
AUA revised their guideline for hematuria, with recom-
mendations substantially reducing the target population 
for computed tomography (CT) scan [13], in a depar-
ture from prior guidance recommending CT scan for all 
adults with hematuria [14].

To date, studies examining the determinants of imaging 
often focus on patient-level factors, which are presumed 
to have the strongest influence on imaging decisions [15, 
16]. However, a recent scoping review concluded that 
determinants of the use of LVC are embedded at mul-
tiple levels (e.g., reimbursement policy; providers’ beliefs 

about consequences of LVC, providers’ liability risk) 
[17]. Findings from the review also implied that strate-
gies for reducing LVC should reflect determinants of the 
use of the specific low-value practice (i.e., imaging) [17]. 
In other words, identifying the multilevel determinants 
of imaging on a broader scope (not just of low-value 
imaging) is needed to comprehensively understand the 
contextual factors that contribute to clinicians’ deci-
sion-making process. Ultimately, understanding contex-
tual determinants of imaging may inform strategies to 
decrease low-value imaging. Against this backdrop, the 
objective of this study was to identify multilevel determi-
nants of imaging for PCa and AMH, two urologic condi-
tions where low-value imaging is common.

Methods
Setting/procedure
Data were collected from April 2019 to November 2019. 
Eligible participants included clinicians specializing in 
urologic care with the authority to order imaging and 
currently practicing within one of three university-affili-
ated healthcare systems in a single state. It is typical for 
the clinicians specializing in urologic care to provide care 
(e.g., order imaging) upon referral from their primary 
care in the U.S. We collected participants’ contact infor-
mation, including their email and phone number, from 
publicly available information on each health system’s 
website and was able to construct a list of 60 potentially 
eligible participants from three different health systems. 
If no contact information was provided, we called the 
listed number of the clinician’s practice to obtain the cli-
nician’s work email. The Institutional Review Board at the 
University of North Carolina at Chapel Hill approved the 
study and waived written consent due to minimal risks to 
study participants.

We used a convergent mixed-methods approach in 
which survey and interview data were collected concur-
rently. This approach was utilized to assess the extent of 
and context surrounding guideline-discordant imaging 
(via surveys) and the context surrounding and influenc-
ing provider imaging behavior (via interviews). In other 
words, the qualitative findings complemented the quanti-
tative survey results by adding a narrative understanding 
of the multilevel determinants of imaging decision-mak-
ing. We emailed 60 eligible respondents an online sur-
vey (details below). At the end of the survey, we asked 

Conclusion Our study identified comprehensive multilevel determinants of imaging to inform development of 
de-implementation interventions to reduce low-value imaging, which we found useful for identifying determinants of 
de-implementation. De-implementation interventions should be tailored to address the contextual determinants that 
are specific to each clinical condition.
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respondents if they would be willing to participate in a 
one-time telephone interview regarding their imaging 
practices. We contacted 10 respondents who expressed 
initial interest. Once an interview was completed, par-
ticipants were given a $20 Amazon gift card as a token of 
appreciation.

Measurements
Structured surveys
The survey data were collected via online self-adminis-
tered surveys coordinated by Qualtrics and the answers 
were not anonymous. The structured survey included 8 
short clinical vignettes describing patients newly diag-
nosed patients with either PCa or AMH. Scenarios were 
designed to elicit responses that would demonstrate 
guideline-concordant/discordant imaging practices 
relative to the clinical practice guidelines available from 
professional societies at the time of the study for each 
condition [14, 18]. For the PCa patient vignettes, we 
included patient demographic and clinical information 
such as age, prostate specific antigen (PSA) levels, and 
Gleason score. For AMH patient vignettes, we included 
age, smoking status, sex, and urinalysis results. Questions 
following each vignette inquired about the type of imag-
ing, if any, the respondent would use. For PCa patient 
vignettes, respondents were asked to mark all that apply 
among a list that included MRI, CT scan, and bone scan; 
for AMH patient vignettes, the list included renal ultra-
sound, CT urogram, MR urogram, and flexible cystos-
copy. Respondents were also able to write in a different 
action/procedure in free-text comment boxes, if needed. 
To ensure face and content validity of clinical scenarios 
and imaging options, two pilot surveys were conducted 
with practicing urologists.

Semi-structured interviews
To comprehensively examine the potential determinants 
of imaging, we employed the Consolidated Framework 
for Implementation Research (CFIR) and Theoretical 
Domains Framework (TDF; hereafter CFIR + TDF) to 
guide the development of the semi-structured inter-
view. While both determinant frameworks are consid-
ered comprehensive, the TDF focuses on individual-level 
determinants whereas the CFIR focuses more on col-
lective-level determinants [19]. The interview questions 
derived from relevant domains or constructs from 
CFIR + TDF (Supplementary Material 1). The interviews 
were semi-structured following the interview guide but 
conducted as a conversation. The length of the interviews 
was 23 min on average. We discontinued collecting new 
data once we reached thematic saturation.

To determine the relevant CFIR + TDF domains/con-
structs, members of the research team who collectively 
represented expertise in urologic clinical care (MEN), 

implementation science (SAB), and practice-integrated 
health services research (JEL, LPS) were involved. For 
each selected domain and construct, questions were 
developed. During this process, we combined certain 
CFIR constructs and TDF domains that represented 
overlapping concepts. For example, ‘Self-efficacy’ (CFIR 
construct) and ‘Beliefs about capabilities’ (TDF domain) 
were combined since both focused on exploring provid-
ers’ confidence in their abilities to care for patients with 
PCa (or alternatively, AMH). To ensure adequate cover-
age and accurate representation of all relevant domains, 
two pilot interviews were conducted with practicing 
urologists. After the pilot interviews, interviewees pro-
vided feedback to the interviewer (LPS), particularly on 
question prompts and the overall flow of the interview.

Analysis
Survey data were analyzed using descriptive statistics. 
We used Fisher’s exact test to examine whether there 
were differences between the survey respondents and 
the interview participants and found no significant dif-
ference. We have also examined the correlation between 
guideline-concordant care and provider characteristics 
(i.e., sex, type of degree, and experience) using Fisher’s 
exact tests but found no significant results. Interviews 
were audio recorded and transcribed verbatim. Tran-
scripts were entered into MAXQDA qualitative software 
to facilitate data management and analysis. We used a 
directed content analysis approach [20] to code and ana-
lyze interview transcripts, beginning with a priori codes 
based on CFIR + TDF constructs/domains (Supple-
mentary Material 2). We coded any utterances related 
to the imaging decision-making process in the relevant 
CFIR + TDF construct/domain. For each utterance, we 
also identified whether the relevant construct/domain 
was specific to PCa or AMH imaging. Two researchers 
(SH, LPS) independently coded all transcripts and then 
discussed and reviewed the coding of each transcript to 
reconcile any coding discrepancies. If consensus could 
not be reached, they consulted a third reviewer (SAB), 
who has expertise in organizational theories, models, 
and frameworks. For each clinical condition, we identi-
fied relevant constructs/domains based on the frequen-
cies with which the construct/domain was mentioned 
across interviews. Then, among each relevant construct/
domain, we identified subthemes that could be either a 
single response or collection of responses from inter-
views illustrating similar opinions or statements. We next 
examined subthemes similarities and differences between 
PCa and AMH. The qualitative findings were used to 
confirm and provide additional detail for the quantitative 
survey results, adding a narrative understanding of the 
imaging behavior of clinicians for both PCa and AMH.
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Results
Characteristics of participants
Out of 60 eligible respondents, 33 had completed the sur-
vey (55% response rate). Among the 10 respondents who 
expressed initial interest, 7 had agreed to participate in a 
telephone interview. The majority of survey respondents 
were male (n = 26, 79%) and had an MD or DO degree 
(n = 28, 85%). Most clinicians (n = 14, 42%) graduated with 
their degree (i.e. MD, DO, PA, or NP) between 1991 and 
2003 (Table 1).

Survey results
Table  2 provides the vignettes and results from the 
structured survey. For the first PCa patient (Patient 1), 
a 67-year-old otherwise healthy male newly diagnosed 
with low-risk PCa, all clinicians’ answers were concor-
dant with guideline recommendations [18] except for 
one respondent who indicated they would use a differ-
ent approach if the patient was interested in active sur-
veillance. For Patient 2, a 64-year-old otherwise healthy, 
biological male newly diagnosed with low-intermediate-
risk PCa, 6% of respondents reported they would use a 
CT scan or bone scan, which was guideline-discordant. 
For intermediate-risk PCa (Patient 3) and high-risk PCa 
(Patient 4) patients, where the clinical guidelines do rec-
ommend imaging (i.e., MRI, CT scan, and/or bone scan), 
15% and 6% of respondents, respectively, reported they 
would not use imaging.

For all AMH patients (Patients 5–7 with different 
demographics and number of urinalyses), the AUA 
guideline at the time of the study period recommended 
that patients with AMH receive a CT urogram or flexible 
cystoscopy [14]. However, if a patient had received only 
one urinalysis (Patients 5 and 7), 15–21% of respondents 
wrote in that they would first repeat the urinalysis test. 
Only 36% of respondents reported they would use CT 
urogram or flexible cystoscopy for a 37-year-old, non-
smoking female with no significant past medical history 
(Patient 5) which was guideline concordant and only 
48% reported doing so for a 62-year-old, nonsmoking 

female with no significant past medical history (Patient 
7). However, for the vignette describing a patient who 
had > 3 erythrocytes/high power field on two separate 
microscopic urinalyses (Patient 6), 70% of respondents 
reported they would use a CT urogram or flexible cystos-
copy which was guideline concordant.

Semi-structured interview results
Multilevel determinants at the individual (patient and 
provider), organization/practice, and the external/policy 
levels were identified as critical to image decision-mak-
ing. Within these multilevel determinants, we identi-
fied five common subthemes across both PCa and AMH 
that played a role in clinicians’ decision-making process 
(Table  3): National Guidelines, Supporting Evidence 
and Information Exchange, Organization of the Imaging 
Pathways, Patients’ Clinical and Other Risk Factors, and 
Clinicians’ Beliefs and Experiences Regarding Imaging.

External/Policy level: National Guidelines
Participants were aware that there were national guide-
lines for imaging patients with PCa and AMH. For AMH, 
participants specifically referred to the AUA guidelines. 
Both AUA and National Comprehensive Cancer Network 
(NCCN) guidelines were mentioned for imaging PCa 
patients:

“I would probably look first to the AUA. I think they 
have guidelines for localized prostate cancer, or I 
would look at the National Comprehensive Cancer 
or the National Cancer Center Network, NCCN. I 
think that’s the other source of guidelines that I typi-
cally go to.” (Participant 48)

Some participants acknowledged that they were more 
likely to follow NCCN guidelines since the AUA guide-
lines were more difficult to access and to understand:

“Often I have to log in to the AUA website sometimes 
and I can’t remember my user ID and password…. 
NCCN usually has a fairly easy to understand algo-
rithm that you can just kind of follow the boxes on 
what to do.” (Participant 15)

Clinicians indicated that they were likely to systemati-
cally follow guidelines for imaging PCa patients. On the 
other hand, their comments regarding the following of 
guidelines for imaging use among AMH patients, were 
more nuanced. While some clinicians systematically fol-
lowed the guidelines, which at the time of the interview 
recommended CT for all, most reported following more 
of a risk-based approach for AMH imaging, a direction 
in which the field has since moved, with an updated 
guideline released after the study period. This variability 

Table 1 Demographics of clinicians surveyed (N = 33)
N %

Sex

Male 26 79

Female 7 21

Degree

MD/DO 28 85

NP/PA 5 15

Graduation Year

1990 or before 7 21

1991–2003 14 42

2004 or after 12 36
Abbreviations: Doctorate of Medicine/Doctorate of Osteopathic Medicine (MD/
DO); Nurse Practitioner/Physician Assistant (NP/PA)
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among clinicians in guideline concordance was attributed 
to the perceived low-quality evidence supporting the 

previous AMH guideline by the respondents. One clini-
cian mentioned:

Table 2 Survey respondents answers to imaging scenarios (N = 33)
Imaging for PCa Patients
Patient 1a: 67 year old otherwise healthy man newly diagnosed with low-risk prostate cancer (PSA level 5.2ng/ml, Gleason score 6 in 5/12 cores, clini-
cal stage T1c, prostate volume 46 cc on TRUS).

n %

No imaging (GL concordant) 30 91%

MRI (GL concordant) 3 9%

Patient 1b: After reviewing treatment options, the patient described above (PSA level 5.2ng/ml, Gleason 6 in 5/12 cores, clinical stage T1c) is inter-
ested in active surveillance.

n %

No imaging (GL concordant) 21 64%

MRI (GL concordant) 11 33%

CT scan 1 3%

Patient 2: 64 year old otherwise healthy man newly diagnosed with low-intermediate-risk prostate cancer (PSA level 9.2ng/ml, Gleason score 3 + 4 in 
3/12 cores, Gleason 6 in 2/12 cores; clinical stage T1c, prostate volume 53 cc on TRUS).

n %

No imaging (GL concordant) 24 75%

MRI (GL concordant) 6 19%

CT scan or bone scan 2 6%

Patient 3: 69 year old otherwise healthy man newly diagnosed with high-intermediate-risk prostate cancer (PSA level 11.1ng/ml, Gleason score 4 + 3 
in 4/12 cores, Gleason 3 + 4 in in 2/12 cores; clinical stage T1c, prostate volume 47 cc on TRUS)

n %

No imaging 5 15%

MRI or CT or bone scan (GL concordant) 28 85%

Patient 4: 66 year old otherwise healthy man newly diagnosed with high-risk localized prostate cancer (PSA level 16.2ng/ml, Gleason score 4 + 4 in 
5/12 cores, Gleason 4 + 3 in in 2/12 cores; clinical stage T2a, prostate volume 62 cc on TRUS)

n %

No imaging 2 6%

MRI or CT or bone scan (GL concordant) 31 94%

Imaging for AMH Patients
Patient 5: 37 year old nonsmoking female with no significant past medical history referred to you for asymptomatic microscopic hematuria (7 eryth-
rocytes/HPF on microscopic urinalysis). Urine culture negative.

n %

No imaging 3 9%

Renal ultrasound 11 33%

CT urogram or flexible cystoscopy (GL concordant) 12 36%

Repeat urinalysis* 7 21%

Patient 6: 40 year old nonsmoking male with no significant past medical history referred to you for asymptomatic microscopic hematuria (> 3 eryth-
rocytes/HPF on two separate microscopic urinalysis). Urine culture negative.

n %

No imaging 5 15%

Renal ultrasound 5 15%

CT urogram or flexible cystoscopy (GL concordant) 23 70%

Patient 7: 62 year old nonsmoking female with no significant past medical history referred to you for asymptomatic microscopic hematuria (> 3 
erythrocytes/HPF on one microscopic urinalysis). Urine culture negative.

n %

No imaging 5 15%

Renal ultrasound 7 21%

CT urogram or flexible cystoscopy (GL concordant) 16 48%

Repeat urinalysis* 5 15%
Abbreviations: GL, guideline

GL concordant: For AMH, guideline concordant is based on the AUA guidelines in 2020.

*Write in response
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Representative quotes related to PCa Representative quotes relate to AMH
External/Policy Level: National Guidelines
Follow guidelines 
(PCa) vs. 
“guideline-based” 
(AMH)

“The NCCN guidelines. Most guidelines suggest 
imaging for only high risk prostate cancer patients. 
So I follow those.” (Participant 2)

“…And I’m trying to think, --yeah, kind of based off the guidelines. How 
much blood are they seeing in the urine? If it’s an initial patient that 
comes in, you know, and they’re over the age of 35, they’ve had no work 
up whatsoever, I image them. If they’ve had previous microscopic hema-
turia work ups in the past, a lot of times my question is kind of how long 
ago have they had some imaging. And guidelines right now say to repeat 
the work up every three to five years.”
(Participant 23)

High quality PCa 
guidelines vs. 
low quality AMH 
guidelines

“Sometimes in evaluating the guidelines that the 
bulk of AUA guidelines are made up from urologists. 
NCCN guidelines do I sometimes feel have a slightly 
more balanced view, and they have primary care 
providers, radiation oncologists, medical oncologists, 
urologists, statisticians, epidemiologists on their 
guideline committees.” (Participant 15)

“And I know that most of the guidelines are like Grade C evidence or the 
expert opinion for microscopic hematuria. So they’re not great guide-
lines, but from my perspective I feel like that’s what I’ve got to work with.” 
(Participant 13)

External/Policy Level: Supporting Evidence and Information Exchange
Information ex-
change (PCa) vs. 
no information 
exchange (AMH)

“I think most of us are alerted to our professional 
again through AUA organization. We do talk about 
patient evaluations constantly with the residents 
and with each other. So there’s some word of mouth 
certainly involved.” (Participant 36)

“I’d say I honestly don’t know because I just see what I do. That I don’t 
know what other people are doing.” (Participant 2)

Literature not sup-
porting imaging

“Just read the literature. Read the literature. If you’re 
treated for prostate cancer, you’ll more likely die 
younger than those who aren’t treated for prostate 
cancer.” (Participant 4)

“I know there’s literature out there that says an ultrasound is going to find 
98% of anything wrong. The risk of bladder cancer is about zero. So I kind 
of handle it like that.” (Participant 4)

Organization/Practice Level: Organization of the Imaging Pathways
Pre-appointment 
imaging

“Yeah. The way that our practice is set up is such that 
anybody in multidisciplinary clinic is where our new 
prostate cancer patients come through. The schedul-
ers already know what the criteria are. And so they 
will order the appropriate tests. And I very rarely have 
to direct any of that. It just happens naturally based 
upon our algorithm.” (Participant 48)

“And in our health system, most primary care physicians are the ones that 
are finding the microscopic hematuria. And our kind of best practice is 
that they already get imaging for them sent to us.” (Participant 36)

Outside institu-
tion imaging

“If they’re a patient that’s referred from an outside 
institution, we may not actually have the images to 
view, which is sometimes challenging. We’ll have 
to request them, and sometimes that delays care. 
Or we’ll just have a report of our outside radiolo-
gist’s interpretation without being able to look at 
the images ourselves to confirm that we agree with 
that radiologist. So that sometimes delays care. But 
if those two scenarios are the case, then we obtain 
that imaging from whatever center did it, send 
it to us, and then we review it at our institution.” 
(Participant 15)

--

Electronic health 
record systems

-- “I think it’s, --well, to make it a little more convoluted, when we used the 
electronic note templates that we have set up, we have one that we use in 
our department for asymptomatic microscopic hematuria. And so we just 
plug in that template and there’s a drop down menu saying CT urogram 
according to AUA guidelines, or a drop down menu renal ultrasound…. 
But you can do drop down menus saying, okay, I’m getting a CT urogram 
in accordance with the AUA guidelines, or you can say this patient has 
renal insufficiency and cannot tolerate a CT urogram. I’m obtaining them a 
renal ultrasound.“ (Participant 15)

Individual/Patient Level: Patients’ Clinical and Risk Factors
Patient clinical/ 
sociodemograph-
ic factors

“Well, I have a lot of old patients. So, I look at the 
bulk, the grade, physical exam, the age of the pa-
tient, and the PSA.“ (Participant 4)

“And so patients that are older, definitely I image. Smokers I image. If 
they’ve had a history of stones and they haven’t had any recent imaging, 
sometimes I’ll image them.“ (Participant 23)

Table 3 Quotes for each subtheme illustrating similarities and differences between prostate cancer (PCa) and asymptomatic 
microscopic hematuria (AMH)
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“most of the guidelines are like Grade C evidence or 
the expert opinion for microscopic hematuria. So 
they’re not great guidelines.” (Participant 13)

Additionally, clinicians often felt that the AMH guide-
lines did not give them enough information to make an 
informed imaging decision whereas guidelines for PCa 
imaging were praised for being up-to-date and clear:

“there’s not a lot of clear-cut guidelines in patients 
that have stones, kind of what you do with those 
patients.” (Participant 23)

External/Policy level: supporting evidence and Information 
Exchange
Clinicians sought information from medical literature 
that would inform their PCa and AMH imaging decision-
making. Often, clinicians referenced the literature in 
favor of less imaging for both PCa and AMH. For PCa, a 
clinician stated:

“…so I’m usually pretty firm with folks about why I 

don’t think it’s helpful and what the probability is. I 
feel like the nomograms…allows us to say, “You have 
a 1% chance of having any cancer in your lymph 
nodes, so it just makes no sense to [image] a node. 
You have essentially a negligible chance, somewhere 
between zero and 0.001 chance, of having cancer in 
your bones, so we just should not do this.”” (Partici-
pant 48)

Similarly, for AMH, another clinician stated,

“But when we see repeated, repeated, repeated 
papers…that catch a lot of headlines saying, hey, 
we can reduce the radiation and just get an ultra-
sound…” (Participant 15)

Medical literature seemed to serve as a confirmation that 
imaging for AMH was often not beneficial to patients. 
However, one clinician also cited literature as a reason for 
creating a direct pathway for imaging AMH patients:

“there are certainly papers that have been published 
about doing these kinds of things where you stream-

Representative quotes related to PCa Representative quotes relate to AMH
“Risk-based ap-
proach” (AMH)

-- “I’m just assuming that probably some people are very more strictly adher-
ing to the guidelines and then others like myself do a little bit more of a 
risk based approach.“ (Participant 2)

Reconfirm AMH 
diagnosis

-- “…If they have asymptomatic microscopic hematuria, the first thing I do 
is double check that that’s actually what they have because most people 
have a dipstick and it’s like one plus urine…. So I would just say that once 
I’ve confirmed that, greater than three red blood cells per high power field 
then I will move on to the workup…” (Participant 2)

Counseling pa-
tients on imaging

“I usually really use the score of the digital rectal 
exam and PSA to determine whether they get im-
aged or not, not based on whether a patient wants 
the image or really wants to skip imaging. I try to 
counsel them on the need when it’s appropriate.“ 
(Participant 2)

“One thing I have learned over the years to do is when I counsel patients 
upfront about hematuria, I proactively tell them that we are not here to 
explain every case of hematuria because that’s one thing the patients 
often want to know is like, “Well, why, because I’ve been told this is like this 
abnormal thing. I feel like I should understand why.” I proactively counsel 
them, “Well, that’s actually not the goal with hematuria workup because 
the data are that we’ll find maybe tops, one out of four, we’ll be able to 
attribute the hematuria to something. But for most people, we can’t find 
that reliable cause for it,” so yeah. (Participant 48)

Individual/Provider Level: Clinicians’ Beliefs and Experiences Regarding Imaging
Imaging does not 
improve patient 
care

“I feel like the nomograms because it allows us to 
say, “You have a 1% chance of having any cancer 
in your lymph nodes, so it just makes no sense to 
image a node. You have essentially a negligible 
chance, somewhere between zero and 0.001 chance, 
of having cancer in your bones, so we just should 
not do this.” (Participant 48)

“If you came in here and you had microscopic hematuria and no symp-
toms whatsoever, and let’s say, --we do dipsticks, so small to a trace, I 
would tell you, --and you don’t smoke. You don’t have any symptoms. And 
I’d say, yeah, there’s probably less than 1% chance you having anything 
bad. Does that bother you? And people say, “What? How low?” Less than 
1%….So it’s a very low risk.“ (Participant 4)

Legal protection 
by following 
guidelines (AMH)

-- “… certainly the medical/legal environment, I think, also is I think some-
thing that is always in the back of people’s minds here in the United States. 
It’s hard to quantify how much that risk is because I think the system tends 
to be somewhat arbitrary and precious, and so it’s kind of hard to predict. 
Maybe that makes it even worse since it is so hard to predict what is and is 
not an exposure and then you’re maybe best served by being as cautious 
as you can going right by the guidelines.“ (Participant 48)

Table 3 (continued) 
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line the hematuria pathway.” (Participant 48)

Clinicians also mentioned seeking information that 
would inform their decision-making for PCa imaging 
through other formal and informal avenues. For example, 
clinicians mentioned learning about updated guidelines 
information through emails and even social media:

“I just generally use the guidelines. I’ve seen informa-
tion on Twitter [and] many places.” (Participant 2)

Organization/Practice Level: Organization of the imaging 
pathways
For PCa, most clinicians discussed that patients were 
often imaged before their scheduled appointment 
through streamlined pathways:

“The schedulers already know what the [PCa imag-
ing] criteria are. And so they will order the appro-
priate tests. And I very rarely have to direct any of 
that. It just happens naturally based upon our algo-
rithm.” (Participant 2)

While this type of streamlined pathway potentially 
ensured that guideline-concordant imaging was used, 
clinicians also mentioned that patients would also be 
imaged, both inappropriately and appropriately, prior 
to their scheduled appointment if they had first gone to 
another institution. One clinician explained:

“If they’re a patient that’s referred from an outside 
institution, we may not actually have the images to 
view, which is sometimes challenging. We’ll have to 
request them…. Or we’ll just have a report of our 
outside radiologist’s interpretation without being 
able to look at the images ourselves to confirm that 
we agree with that radiologist…. But if those two 
scenarios are the case, then we obtain that imaging 
from whatever center did it, send it to us, and then 
we review it at our institution.” (Participant 15)

For AMH, there was more variability in the contexts in 
which imaging was ordered. Some clinicians mentioned 
that it was a patient’s primary care provider who would 
order imaging for AMH:

“In our health system, more primary care physi-
cians are the ones that are finding the microscopic 
hematuria. And our kind of best practice is that they 
[the primary care providers] already get imaging for 
them [the patients] sent to us.” (Participant 36)

However, in contrast to PCa, specialist clinicians had 
more discretion in imaging decision-making for AMH:

“I would order this [imaging] myself. It’s more indi-
vidualized.” (Participant 2)

One clinician mentioned how electronic health record 
(EHR) systems played a role in their imaging decision 
process; specifically, the EHR consisted of the tem-
plate with a drop-down menu of CT urogram based on 
the AUA guidelines. If clinicians did not choose a CT 
urogram from the drop-down menu, then they would 
be asked to document the reason for not choosing the 
guideline-concordant option.

Individual/Patient level: patients’ clinical and other Risk 
factors
For both PCa and AMH, participants consistently men-
tioned considering both patients’ clinical and other risk 
factors in their image decision-making process. Specifi-
cally, for PCa, clinicians mentioned clinical factors such 
as PSA and Gleason score. Once these clinical factors 
were known, clinicians felt they could easily follow the 
guidelines. In contrast, clinicians were more likely to take 
a risk-stratified approach for AMH patients, which would 
involve considering patients’ sociodemographic factors, 
particularly patient’s age, smoking behavior, prior expo-
sure to radiation, and their field of work (e.g., occupa-
tional exposures to carcinogens).

One common clinical process stood out for AMH 
imaging; clinicians consistently mentioned that before 
they put their patients through imaging, they would run 
another urinalysis to confirm the results:

“I will for sure get them a second urinalysis to con-
firm that they truly have asymptomatic microscopic 
hematuria. I won’t pull the trigger on imaging and 
cystoscopy until we’ve had more than one urinalysis 
showing that.” (Participant 15)

For both AMH and PCa, many clinicians raised the 
importance of counseling patients on why imaging was or 
was not recommended. When seeing patients with AMH, 
proactive discussions were integral to helping patients 
understand the rationale for imaging (or not imaging):

“One thing I have learned over the years to do is 
when I counsel patients upfront about hematu-
ria, I proactively tell them that we are not here to 
explain every case of hematuria because that’s one 
thing the patients often want to know is like, ‘Well, 
why, because I’ve been told this is like this abnormal 
thing. I feel like I should understand why.” I proac-
tively counsel them, “Well, that’s actually not the 
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goal with hematuria workup because the data are 
that we’ll find maybe tops, one out of four, we’ll be 
able to attribute the hematuria to something. But for 
most people, we can’t find that reliable cause for it.” 
(Participant 48)

For PCa, clinicians talked about making imaging deci-
sions based on objective clinical assessments and relying 
less on a patient’s preference:

“I usually really use the score of the digital rec-
tal exam and PSA to determine whether they get 
imaged or not, not based on whether a patient wants 
the image or really wants to skip imaging. I try to 
counsel them on the need when it’s appropriate.” 
(Participant 15)

Individual/Provider level: Clinicians’ beliefs and experiences 
regarding imaging
Clinicians mentioned that the anticipated consequences 
of imaging played a role in their decision-making pro-
cess. For both low-risk PCa patients and AMH patients, 
clinicians felt that they would often decide not to image a 
patient because it would not directly benefit patient out-
comes. With respect to PCa, clinicians explained:

“And I know the chance of dying from disease itself is 
very low for most of these things.” (Participant 4)
“…so we don’t necessarily have great data that 
[imaging] improves patient outcomes.” (Participant 
23)

Similarly, for AMH patients, clinicians asserted:

“…so I think the problem, there is certainly radiation 
exposure to the patients, costs to the patient and the 
healthcare system. I think those are the two biggest 
things. There is some potential harm from exposure 
to contrast, which is typically part of the guideline 
concordant evaluation for hematuria.” (Participant 
2)
“If you came in here and you had microscopic hema-
turia and no symptoms whatsoever, and let’s say, 
--we do dipsticks, so small to a trace, I would tell 
you, --and you don’t smoke. You don’t have any 
symptoms. And I’d say, yeah, there’s probably less 
than one percent chance you having anything bad.” 
(Participant 4)

Furthermore, participants often brought up how imaging 
could result in incidental findings instead of useful infor-
mation regarding the patient’s current condition. Clini-
cians frequently explained that imaging for low-risk PCa 

and AMH also led to a variety of negative consequences 
for patients as well as higher medical costs. Among AMH 
patients in particular, one clinician mentioned:

“Effectively, we’d have to put them through cystos-
copy, which can be uncomfortable and also have a 
number of downstream effects such as urinary tract 
infection and recurrent bleeding and things like 
that.” (Participant 15)

Despite acknowledging such detrimental consequences, 
for AMH, clinicians reported ordering imaging to avoid 
legal consequences:

“…I mean you’re setting yourself up from a liability 
standpoint [for practicing outside the guidelines].” 
(Participant 36)

Discussion
Findings from the survey and interview collectively con-
tributed to uncovering the complexity of de-implemen-
tation in urology care in that multilevel determinants 
influenced clinicians’ imaging behavior for PCa and 
AMH. The survey results showed that PCa scenarios 
overall had higher guideline-concordance than among 
the AMH scenarios. Interview data further informed 
that determinants at the individual level (patient and 
provider), organization/practice level, and the exter-
nal/policy level were strong determinants of urologists’ 
imaging behavior for both clinical conditions. While 
the identified themes across these multilevel constructs 
were similar across clinical conditions, how the multi-
level determinants were contextualized often differed by 
clinical condition. These mixed methods findings com-
plement previous studies that documented the quantita-
tive prevalence of low-value imaging [1, 2]. Our results 
imply that multilevel interventions for de-implementing 
LVC need to be developed and that those interventions 
are likely best tailored to address the determinants that 
are specific to each clinical condition. Our approach also 
builds upon previous imaging and implementation litera-
ture [21] by identifying determinants of imaging across 
two distinct clinical conditions, which provided the 
opportunity to compare and contrast the extent to which 
multilevel factors beyond a patient’s condition drive a cli-
nician’s imaging behavior.

Findings on the multilevel determinants of imaging 
for PCa and AMH suggest potential strategies [22] that 
could be leveraged when trying to de-implement low-
value imaging practices and also to promote appropriate 
imaging when necessary. The decision-making criteria 
for PCa imaging was perceived as relatively straightfor-
ward and the consensus among study participants was to 
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follow existing clinical practice guidelines; however, stud-
ies have shown that intent does not always translate into 
action (i.e., following the guidelines) which was also veri-
fied from our survey results. In fact, in some instances, 
providing information on the guidelines has reduced 
imaging, even in scenarios where imaging was appro-
priate [23]. Thus, based on our evidence that clinicians 
referred to medical literature, guidelines may benefit 
from accompanying educational materials (e.g., appropri-
ate scenarios and examples, medical literature citations). 
Augmenting guidelines with evidence and examples may 
facilitate guideline-concordant imaging practices. Addi-
tionally, using an audit and feedback strategy through 
which clinicians are given personalized reports of their 
imaging practices may be useful as shown in other pre-
vious studies on improving guideline adherence [24, 25]. 
This would allow clinicians to know to what extent they 
were following the guidelines and ensure that their inten-
tion and practice were aligned.

Compared to PCa, the context of imaging for AMH was 
more dynamic in that clinicians’ decisions ranged from 
systematically following the guidelines to taking an idio-
syncratic risk-stratified approach. In the period of this 
study, the existing 2012 guideline recommended inten-
sive, one-size-fits-all CT imaging [14]; however, emer-
gent research questioning this approach led to a revision 
of the guideline [13] after the study period which pro-
vided clearer guidance and patient-centered approach. 
Taking into account this additional context, our finding 
that some clinicians were less likely to strictly follow the 
AMH guidelines may be perceived as a positive gradual 
movement towards reducing low-value imaging. In the 
absence of strong evidence supporting the AMH guide-
lines and the identified lack of communication among 
clinicians on their AMH imaging practices, promot-
ing network weaving which builds on existing working 
relationships and networks outside the organizational 
boundary or creating a collaborative among organiza-
tions to foster an environment of learning and commu-
nication may be an effective de-implementation strategy 
since it would improve the consistency and appropriate-
ness of imaging behavior within and across practices. For 
instance, MUSIC (Michigan Urological Surgery Improve-
ment Collaborative), a statewide quality improvement 
collaborative comprising 42 diverse practices, has dem-
onstrated success with improving imaging utilization 
using multidimensional interventions that involved edu-
cation, site visits/monitoring, development of scripts 
[26]. In particular, it may be beneficial to develop collab-
oratives between academic medical institutions, where 
the latest research is being conducted, and non-academic 
organizations, where guideline updates are often less 
than timely. Lastly, for AMH, there was more variabil-
ity in the clinical pathways and people involved in image 

ordering. Strategies such as developing a quality moni-
toring system would enable practices to assess through 
clinical pathways and determine at which step low-value 
imaging is occurring. Next, developing tools in their sys-
tem to further prevent unnecessary imaging within the 
organization is needed, such as through EHR prompts 
and alerts which had been proven to be successful strat-
egies in changing providers’ awareness and behavior 
[27–29].

Using the example of imaging in both PCa and AMH, 
this study used existing implementation frameworks to 
comprehensively explore the multilevel determinants 
of imaging and examine how these determinants varied 
across clinical conditions [17]. This approach enabled a 
more systematic assessment of multilevel determinants 
of imaging, including its contextual determinants for de-
implementation. Despite being crucial to identifying and 
developing effective de-implementation strategies, con-
textual determinants are often are overlooked in studies 
that focus on identifying determinants of, specifically, 
low-value imaging [30]. Moreover, we examined imag-
ing in two different clinical conditions in which low-value 
imaging is common and investigated the similarities and 
differences of the determinants in different disease con-
texts. This facilitated the opportunity to examine the 
extent to which multilevel factors beyond the type of 
clinical condition affect a clinician’s imaging behavior.

This study had a number of limitations. Although the 
study combined surveys with semi-structured inter-
views, generalizability may be limited due to the small 
number of interviewees. However, based on participants’ 
demographic information (i.e., sex, type of degree, expe-
rience), interview participants did not differ from sur-
veyed clinicians. Secondly, our study focused exclusively 
on potential determinants of ordering imaging among 
urologists and urology-affiliated clinicians. We did not 
include primary care providers who may also evaluate 
AMH patients. Participants were from academic medical 
centers and academically-affiliated healthcare systems, 
excluding perspectives from independent private practice 
settings. This may also impact the generalizability of the 
findings to other clinical settings. Lastly, while we sug-
gested some de-implementation strategies based on the 
identified determinants of imaging, future research could 
also use a more systematic approach, such as implemen-
tation mapping, to link determinants to a set of de-imple-
mentation strategies [31].

Conclusion
Findings from the study showed de-implementation of 
low-value imaging requires understanding of the multi-
level determinants of imaging and the specific nuances 
of the clinical contexts. Results will inform future imple-
mentation mapping efforts to develop low-value imaging 
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de-implementation strategies with identified multilevel 
determinants which is part of the implementation map-
ping process. Further research is needed to evaluate 
whether determinant-specific de-implementation strat-
egies are effective in reducing low-value imaging and to 
understand if and how their effectiveness varies by con-
text. Also, future work should be conducted on other 
LVC to see whether any of the identified level of deter-
minants are generalizable to other types of care. Through 
these efforts, we will take further steps forward to 
unpacking the complexity of de-implementation in urol-
ogy care.
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