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Abstract

Purpose: To define important elements of a structured
radiology report of a CT or MRI performed to evaluate
an indeterminate renal mass.
Methods: IRB approval was waived for this multi-site
prospective quality improvement study. A 35-question
survey investigating elements of a CT or MRI report
describing a renal mass was created through an iterative
process by the Society of Abdominal Radiology Disease-
Focused Panel on renal cell carcinoma. Surveys were
distributed to consenting abdominal radiologists and
urologists at nine academic institutions. Consensus
within and between specialties was defined as ‡70%
agreement. Respondent rates were compared with Chi
Square test.
Results: The response rate was 68% (117/171; 55% [39/
71] urologists, 78% [78/100] radiologists). Inter-spe-
cialty consensus was that the following were essential:
mass size with comparison to prior imaging, mass type

(cystic vs. solid), presence of fat, presence of enhance-
ment, and radiologic stage. Urologists were more likely
to prefer the Nephrometry score (75% [27/36] vs. 22%
[17/76], p < 0.0001), quantitative reporting of enhance-
ment on CT (85% [32/38] vs. 46% [36/77], p < 0.0001),
and mass position with respect to the renal polar lines
(67% [24/36] vs. 36% [27/76], p = 0.002). There was
inter-specialty consensus that the Bosniak classification
for cystic masses was preferred. Most urologists (60%
[21/35]) preferred management recommendations be
omitted for solid masses or Bosniak III–IV cystic
masses.
Conclusions: Important elements to include in a CT or
MRI report of an indeterminate renal mass are critical
diagnostic features, the Bosniak classification if rele-
vant, and the most likely specific diagnosis when
feasible; including management recommendations is
controversial.

Key words: Renal mass—Renal cell
carcinoma—Reporting standards—Society of
Abdominal Radiology—Structured reporting

The incidence of renal masses detected incidentally on
imaging is increasing [1–5]. Most renal cancers are now
detected with imaging performed for a non-renal com-
plaint [5]. When a confident diagnosis cannot be ren-
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dered, incidental renal masses are considered indetermi-
nate and typically are evaluated further with a CT or
MRI using a protocol that is specifically designed to
evaluate them [5–7]. Of the renal masses that are not
treated, many undergo active surveillance with the same
or similar imaging protocol [8–10]. These factors have led
to a substantial increase in the number of radiology re-
ports that describe renal masses. However, in our expe-
rience, the content of these radiology reports is
inconsistent, perhaps due to a lack of guidance as to
what are the most important elements to include in the
report.

Although there is general understanding that some
imaging features of a renal mass are essential to report
(e.g., presence of fat [5, 7, 11]), the necessity of other
radiologic findings (e.g., Nephrometry score [12, 13])
and the way findings are reported (e.g., methods of size
measurement [14]) are less clear. Various studies have
attempted to use imaging to better characterize renal
masses and help select which need to be treated.
Imaging findings such as presence of intracellular lipid
[15–18], homogeneous hyperattenuation on non-con-
trast CT [19], enhancement patterns on CT and MRI
[20, 21], and hypointensity on T2-weighted MR imaging
[18, 19] have all been suggested (among others) as
indicators of whether a renal mass is benign or malig-
nant, what type of cancer is likely if the mass is
malignant, or how aggressive a possible cancer might
be. However, because the meaning of many of these
features is not fully known [18, 19], there is no standard
as to how or whether this information should be in-
cluded in a CT or MRI report.

Additionally, some elements of a radiology report of
a renal mass that have broad consensus in the literature
(e.g., use of the Bosniak classification for cystic renal
masses [5–7]) may not be used consistently due to
incomplete knowledge or experience, or variable physi-
cian opinion (e.g., use of ‘‘complicated cyst’’ rather than
‘‘Bosniak II cyst’’ to describe a benign complicated
cyst). Assessing the preferences of urologists—the
principal group of referring non-radiologist physicians
who manage indeterminate renal masses—and radiolo-
gists could help derive the essential elements of what
could be included in a structured template when
reporting a renal mass. Therefore, this survey was
conducted to define the most important elements of a
structured radiology report of a CT or MRI performed
to evaluate an indeterminate renal mass.

Materials and methods

The requirement for informed consent was waived by
the host institutional review board for this HIPAA-
compliant prospective multi-center quality improvement
survey.

Survey design and delivery

A 35-question survey investigating elements of a CT or
MRI report describing an indeterminate renal mass was
created through an iterative process by the Society of
Abdominal Radiology Disease-Focused Panel on renal
cell carcinoma. This panel is composed of 11 academic
abdominal radiologists with an interest in renal cell car-
cinoma convened by the Society of Abdominal Radiology
from nine tertiary care institutions in the United States:
Brigham and Women’s Hospital, Cleveland Clinic, MD
Anderson Cancer Center, New York University Langone
Medical Center, University of California San Francisco
Medical Center, University of Michigan Health System,
University of Mississippi Medical Center, University of
Texas Southwestern Medical Center, and Yale New Ha-
ven Hospital. The mission of the panel is to advance the
radiologic contributions to the detection, diagnosis, and
management of renal cell carcinoma.

The survey was designed for dissemination to urolo-
gists and radiologists and included a variety of topics
relevant to renal mass reporting. It was designed and
implemented using an online web-based survey tool
(Qualtrics, https://www.qualtrics.com/). There were no
related pre-existing surveys to our knowledge. Therefore,
content was created de novo from expert opinion and the
literature. The development phase included five rounds
of brainstorming, response compiling, and editing using
a modified Delphi method. The following individuals
participated: four expert radiologist members of the
Disease-Focused Panel (rounds 1, 2, 4, 5); one multidis-
ciplinary genitourinary oncology working group com-
prised of urologists, oncologists, and radiation
oncologists (round 3); one expert urologist (round 4);
two expert radiologists (round 4) who were not members
of the Disease-Focused Panel; and one radiology resident
(rounds 1, 2, 4, 5). Content was modified throughout the
development phase using informal consensus.

The frame of the survey was for respondents to
‘‘indicate [their] preferences on what should be included
in a structured report of a CT or MRI exam designed to
evaluate an indeterminate renal mass.’’ The introductory
email text accompanying the survey stated:

‘‘The Society of Abdominal Radiology’s Disease-
Focused Panel (DFP) on Renal Cell Carcinoma is
developing a recommendation for a structured
MRI/CT report of an indeterminate renal mass. We
would like your opinion onwhat should be included,
and how the information should be presented. The
survey can be accessed from the link below, and
should take less than 20 min to complete. You may
leave and return to the surveyasneeded. Simply click
on the link each time youwish to return to the survey
and the program will track your progress.’’
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Therefore, the survey investigated the desired con-
tents of a structured report of a CT or MRI performed to
evaluate a renal mass and not the report of an incidental
renal mass seen on a monophasic CT, for example.
Survey questions specific to the radiology report body
were grouped into the following categories: (1) basic
imaging features of a renal mass, (2) methods of
reporting renal mass size and growth, (3) methods of
reporting details relevant to nephron-sparing treatment
planning (i.e., surgery or percutaneous ablation), and (4)
methods of reporting renal cancer stage. Survey ques-
tions specific to the radiology report impression were
grouped into the following categories: (1) methods of
reporting renal mass prognostic features, (2) methods of
summarizing imaging features of a renal mass stratified
by mass type, and (3) methods of reporting management
recommendations. Respondent background and
respondent clinical and research experience with renal
masses were recorded, as were additional details not
summarized above (report body and impression). A copy
of the survey is shown in Appendix 1.

Surveys were distributed electronically from 9/10/
2015 to 11/10/2015 to consenting academic abdominal
radiologists (n = 95) and urologists (n = 59) at nine
tertiary care academic institutions. One reminder was
sent approximately 14 days after initial email.

Data analysis

Rates were summarized with counts and percentages and
compared with Chi Square test. The response rate was
calculated by dividing the number of respondents by the
number of subjects offered to participate prior to consent
[radiologists n = 100 (of which 95 consented to partici-
pate), urologists n = 71 (of which 59 consented to par-
ticipate)]. Not all subjects who consented to participate
actually completed the survey.

Intra- and inter-specialty consensus was defined as
‡70% agreement. This threshold was chosen so that with
an alpha of 0.05 and a power 80%, the lower bound on the
exact 95% binomial confidence interval (CI) for a sample
of 37 subjects would remain a majority (i.e., >50%; [95%
CI 53–84%]). Assuming an alpha of 0.05, a power of 80%,
and a 2:1 response rate of radiologists to urologists, the
number of respondents needed to observe a difference in
proportions between specialties of 0.30 is 34 urologists and
68 radiologists. Statistical tests were performed in SPSS
v.22 (IBM Corporation).

Results

Respondents

The response rate was 68% (117/171; 55% [39/71]
urologists, 78% [78/100] radiologists). The response
rate by institution ranged from 57% (8/14) to 91% (10/

11) for radiologists and 33% (1/3) to 100% (10/10) for
urologists. At least one radiologist (range 4–12) and
one urologist (range 1–10) responded from every
institution; median respondents per institution were
nine radiologists and three urologists. Not all respon-
dents answered every question; individual question re-
sponse rates ranged from 92% (108/117) to 100% (117/
117). Surveys required a median of 15 min to complete.
Details of the survey population are provided in Ta-
ble 1.

Basic imaging features of a renal mass

There was inter-specialty consensus that the following
elements are essential in the reporting of a renal mass
(Table 2): mass size (radiology 94% [72/77], urology
95% [36/38]), whether the mass is cystic or solid (ra-
diology 88% [68/77], urology 97% [37/38]), presence or
absence of fat (radiology 77% [59/77], urology 87% [33/
38]), and presence or absence of enhancement (radiol-
ogy 92% [71/77], urology 97% [37/38]). There was in-
ter-specialty consensus that the following elements were
either preferred or essential to include (Table 2): whe-
ther a solid mass has regions of necrosis (radiology
81% [62/77], urology 87% [33/38]), a description of the
mass margins (e.g., infiltrative or circumscribed, radi-
ology 88% [68/77], urology 92% [35/38]), a listing of
the individual applicable criteria justifying the assigned
Bosniak classification when reporting a cystic mass
(radiology 71% [55/77], urology 95% [36/38]), and
whether a portion or all of the mass enhances (radi-
ology 78% [60/77], urology 74% [28/38]). Urologists
were more likely to want enhancement on CT to be
reported quantitatively rather than qualitatively,
regardless of the method used (i.e., enhancement with
or without calculations; 85% [32/38] vs. 46% [36/77],
p < 0.0001) (Table 3).

Table 1. Demographic details of survey respondents

Characteristic Radiologists Urologists

N 78 39
Type of practice
Private practice 0 (0%) 0 (0%)
Hybrid practice 3 (4%) 3 (8%)
Academic practice 75 (96%) 36 (92%)
Clinical involvement with renal masses
Very involved 22 (28%) 15 (38%)
Involved 46 (59%) 19 (49%)
Somewhat involved 6 (8%) 1 (3%)
Little involvement 4 (5%) 4 (10%)
Not involved 0 (0%) 0 (0%)
Research involvement with renal masses
Very involved 11 (14%) 6 (15%)
Involved 15 (19%) 11 (28%)
Somewhat involved 15 (19%) 11 (28%)
Little involvement 20 (26%) 6 (15%)
Not involved 17 (22%) 5 (13%)

M. S. Davenport et al.: Reporting standards for the imaging-based diagnosis of renal 1231
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Renal mass size comparisons to prior
examinations

There was inter-specialty consensus that size compar-
isons were essential for solid masses (radiology 93% [71/
76], urology 95% [35/37]), Bosniak IV cystic masses (ra-
diology 87% [66/76], urology 81% [30/37]), and Bosniak
III cystic masses (radiology 83% [63/76], urology 81%
[30/37]) (Table 2). If only one method is used to report
renal mass size, a larger proportion of radiologists and

urologists preferred either the single largest diameter in
any plane (radiology 30% [23/76], urology 24% [9/37]) or
three orthogonal measurements (radiology 33% [25/76],
urology 46% [17/37]) (Table 3). Among renal masses
undergoing active surveillance, radiologists and urolo-
gists preferred (among the options given) that size com-
parisons be made to both the oldest and most recent
comparison exams (radiology 62% [47/76], urology 49%
[18/37]) (Table 3).

Table 3. Reporting a renal mass: non-likert-scale survey results stratified by specialty

Survey topics: report body Radiology Urology

How should the presence or absence of enhancement be reported on CT?
Qualitatively (e.g., enhancement, no enhancement) 21 (27%) 6 (16%)
Quantitatively without calculations (e.g., pre: 30 HU, post: 50 HU) 18 (23%) 8 (21%)
Quantitatively with calculations (e.g., pre: 30 HU, post: 50 HU, 20 HU enhancement) 10 (13%) 20 (53%)
Quantitatively with calculations only (e.g., 20 HU enhancement) 8 (10%) 4 (11%)
No preference 1 (1%) 0 (0%)
Discretion of the radiologist 19 (25%) 0 (0%)
If only one method is used to report renal mass size, which would you prefer?
Single largest diameter, axial plane (e.g., 1.2 cm) 11 (14%) 2 (5%)
Single largest diameter, any plane (e.g., 1.2 cm) 23 (30%) 9 (24%)
Largest perpendicular bi-directional measurement, axial plane (e.g., 1.2 9 1.0 cm) 14 (18%) 3 (8%)
Largest perpendicular bi-directional measurement, any plane (e.g., 1.2 9 1.0 cm) 2 (3%) 4 (11%)
Three orthogonal planar measurements (e.g., 1.2 9 1.0 9 0.8 cm) 25 (33%) 17 (46%)
Calculated volume (e.g., 0.5 cm3) 0 (0%) 1 (3%)
No preference 1 (1%) 1 (3%)
How should measurement comparisons be made for patients on active surveillance?
Compare the current exam to the most recent comparison exam 6 (8%) 2 (5%)
Compare the current exam to the two most recent comparison exams 2 (3%) 9 (24%)
Compare the current exam to all prior comparison exams 3 (4%) 4 (11%)
Compare the current exam to the oldest and most recent comparison exam 47 (62%) 18 (49%)
Compare the current exam to one or more prior exams at radiologist discretion 18 (24%) 4 (11%)
If the Nephrometry score is desired, how should it be reported?
Report the overall score only 19 (25%) 3 (8%)
Report the overall score and provide a description of each individual component 9 (12%) 9 (25%)
Report the overall score and provide the individual score for each component 10 (13%) 14 (39%)
Report the overall and component scores and individual component descriptions 14 (18%) 4 (11%)
The Nephrometry score does not need to be reported. 24 (32%) 6 (17%)
How should the size of abnormal lymph nodes be reported?
Maximum short-axis diameter (e.g., 1.5 cm) 50 (67%) 13 (36%)
Perpendicular bi-directional diameter (e.g., 2.0 9 1.5 cm) 24 (32%) 17 (47%)
No preference 1 (1%) 6 (17%)
How should tumor thrombus be reported?
Presence of absence of tumor thrombus 0 (0%) 0 (0%)
Anatomic description of tumor thrombus extent 27 (36%) 5 (14%)
Anatomic description of tumor thrombus extent with distances to major structuresa 48 (64%) 30 (83%)
No preference 0 (0%) 1 (3%)
Which distances should be reported for tumor thrombus (check all that apply)
Overall length 23 (32%) 15 (48%)
Distance from tumor thrombus to gonadal vein 4 (6%) 4 (13%)
Distance of tumor thrombus to adrenal vein 5 (7%) 2 (6%)
Distance of tumor thrombus to superior mesenteric artery crossing (if left sided) 8 (11%) 4 (13%)
Distance of tumor thrombus to inferior vena cavab 57 (80%) 23 (74%)
Overall length of tumor thrombus within the inferior vena cavaa 46 (65%) 23 (74%)
Distance of tumor thrombus to accessory hepatic veins 9 (13%) 10 (32%)
Distance of tumor thrombus to hepatic venous confluencea 37 (52%) 23 (74%)
Distance of tumor thrombus to diaphragma 38 (54%) 25 (81%)
Distance of tumor thrombus to right atriuma 55 (77%) 17 (55%)
Not applicable; this information is not relevant to my practice N = 5 N = 5

Denominators may not equal N = 78 (Radiology) or N = 39 (Urology) due to respondents not answering every question
Denominators for ‘check all that apply’ exclude respondents who indicated that the question was not relevant to their practice
a Single-specialty consensus (‡70% agreement) that an item was ‘preferred’ or ‘essential’ to include
b Inter-specialty consensus (‡70% agreement) that an item was ‘essential’ to include
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Renal mass imaging features related to nephron-
sparing therapies

For renal masses in patients who might benefit from a
nephron-sparing therapy, there was inter-specialty con-
sensus that the following are preferred or essential to
include (Table 2): axial location of the mass (e.g., ante-
rior, radiology 93% [71/76], urology 84% [31/37]), cap-
sular location of the mass (e.g., endophytic, radiology
91% [69/76], urology 84% [31/37]), distance of the mass
to the sinus fat (radiology 70% [53/76], urology 70% [26/
37]), and distance of the mass to the collecting system
(radiology 71% [54/76], urology 76% [28/37]).

Urologists were more likely to consider the
Nephrometry score to be preferred or essential to include
(75% [27/36] vs. 22% [17/76], p < 0.0001), but there was
no preference as to how the score should be reported
(Table 3). Urologists were also significantly more likely
to consider the relationship to the polar lines preferred or
essential to include (67% [24/36] vs. 36% [27/76],
p = 0.002).

Renal mass staging

There was inter-specialty consensus that radiologic
staging details should always be reported for solid masses
(radiology 95% [71/75], urology 94% [34/36]) and Bos-
niak IV cystic masses (radiology 91% [68/75], urology
92% [33/36]) (Table 4). Urologists were less likely to
prefer that lymph node size be reported using only the
short-axis diameter (36% [13/36] vs. 67% [50/75],
p = 0.004). The largest proportion of urologists pre-
ferred bi-directional measurements (47% [17/36]) (Ta-
ble 3).

There was consensus among urologists that tumor
thrombus be reported with both anatomic descriptions of
tumor thrombus extent and distances of the tumor
thrombus to important structures (83% [30/36]); radiol-

ogists also preferred this combined qualitative and
quantitative method of reporting tumor thrombus but
did not reach consensus (64% [48/75]) (Table 3). Pre-
ferred measurements in the setting of tumor thrombus
are shown by specialty in Table 3. There was inter-spe-
cialty consensus that it is preferred or essential to report
whether there is bland thrombus peripheral to tumor
thrombus (radiology 96% [72/75], urology 100% [36/36])
(Table 2).

Describing a renal mass in the impression

There was inter-specialty consensus that it was essential
to report mass size in the impression for solid, Bosniak
IV, Bosniak III, and Bosniak IIF renal masses (Table 5).
When a Bosniak II mass was diagnosed, urologists were
more likely to prefer that the mass be summarized in the
impression as a ‘‘Bosniak II cyst’’ (urology 97% [34/35]
vs. radiology 59% [43/73], p < 0.001), rather than with
alternative nomenclature (e.g., ‘‘complicated cyst’’) (Ta-
ble 6). Including the Bosniak classification was consid-
ered preferred or essential by both specialties for Bosniak
IV, Bosniak III, and Bosniak IIF renal masses (Table 5).

Radiologists were more likely than urologists to
consider a differential diagnosis essential (solid 48% [35/
78] vs. 14% [5/35], p = 0.002; Bosniak IV 34% [25/78] vs.
9% [3/35], p = 0.009; Bosniak III 33% [24/78] vs. 9% [3/
35], p = 0.02; Bosniak IIF 32% [23/78] vs. 9% [3/35],
p = 0.02), while urologists were more likely to consider
the Nephrometry score [19, 20] preferred or essential
(solid 17% [13/78] vs. 60% [21/35], p < 0.001; Bosniak
IV 17% [13/78] vs. 63% [22/35], p < 0.001; Bosniak III
14% [11/78] vs. 57% [20/35], p < 0.001; Bosniak IIF 4%
[3/78] vs. 31% [11/35], p < 0.001) (Table 5). Radiologists
and urologists were more likely to prefer inclusion of the
TNM stage as the probability of a mass being malignant
increased (Table 6).

Table 4. Reporting a renal mass: non-likert-scale survey results stratified by specialty

Survey topics: report body Always Always unless in an-
other report

Radiologist discre-
tion

Only upon request No preference

Radiology Urology Radiology Urology Radiology Urology Radiology Urology Radiology Urology

Necessity of reporting anatomic details relevant only to pre-surgical planning (e.g., number of ipsilateral renal arteries), by mass type
Solid massa 21 (28%) 12 (33%) 35 (46%) 10 (28%) 7 (9%) 9 (25%) 12 (16%) 4 (11%) 1 (1%) 1 (3%)
Bosniak IV cystic mass 20 (26%) 10 (28%) 33 (43%) 11 (31%) 10 (13%) 9 (25%) 12 (16%) 4 (11%) 1 (1%) 2 (6%)
Bosniak III cystic mass 14 (18%) 7 (19%) 26 (34%) 11 (31%) 19 (25%) 11 (31%) 13 (18%) 5 (14%) 3 (4%) 2 (6%)
Bosniak IIF cystic mass 5 (7%) 3 (8%) 13 (17%) 5 (14%) 27 (36%) 15 (42%) 27 (36%) 10 (28%) 4 (5%) 3 (8%)
Necessity of reporting radiologic staging information (e.g., extent, nodes), by mass type
Solid massb 71 (95%) 34 (94%) N/A N/A 4 (5%) 2 (6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Bosniak IV cystic massb 68 (91%) 33 (92%) N/A N/A 7 (9%) 3 (8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Bosniak III cystic massa 53 (71%) 24 (67%) N/A N/A 19 (25%) 11 (31%) 1 (1%) 0 (0%) 2 (3%) 1 (3%)
Bosniak IIF cystic mass 37 (49%) 17 (47%) N/A N/A 20 (27%) 12 (33%) 11 (15%) 4 (11%) 7 (9%) 3 (8%)

Denominators may not equal N = 78 (Radiology) or N = 39 (Urology) due to respondents not answering every question
a Single-specialty consensus (‡70% agreement) that an item should always be reported or always be reported unless already present in another report
b Inter-specialty consensus (‡70% agreement) that an item should always be reported
N/A, this answer choice was not available for this question
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Predicting renal mass histology and biologic
behavior

There was consensus among radiologists that it was
preferred or essential to include in the impression the
probability of malignancy for solid masses, and a
majority of urologists and radiologists considered it
preferred or essential to report the probability of
malignancy for solid masses, Bosniak IV masses, and
Bosniak III masses (Table 5). In this context, ‘probabil-
ity of malignancy’ indicated a qualitative or quantitative
expression of the likelihood that a mass was malignant.
A majority of urologists (but not radiologists) thought it
was preferred or essential to report the probability of
malignancy for Bosniak IIF masses (Table 5). There was

consensus among radiologists (81% [59/76]) that the
probability of malignancy should be stated qualitatively
(e.g., ‘‘likely malignant’’) rather than quantitatively (e.g.,
‘‘70% likely to be malignant’’); urologists had no clear
preference (Table 6). When there are imaging features
present (e.g., T2w signal intensity) that might impart
information about the biologic behavior of a renal mass,
there was inter-specialty consensus that these findings
should be reported, but the specialties disagreed on how
that information should be summarized in the impres-
sion (Table 6).

If the imaging features of an indeterminate renal mass
suggest but do not confirm a particular histology (e.g.,
fat-poor angiomyolipoma, papillary RCC), a majority of

Table 6. Reporting a renal mass: Survey results for the reporting of renal mass aggressiveness and histology in the impression of a radiology report,
stratified by specialty

Survey topics: renal mass aggressiveness and histology Radiology Urology

How should findings that might predict aggressiveness (e.g., T2w hypointensity) be reported?
Report each finding and prognostic significance in body, summarize in impression 3 (4%) 15 (42%)
Report each finding but not prognostic significance in body, summarize in impression 32 (42%) 8 (22%)
Report each finding but not prognostic significance because the data are insufficient 29 (38%) 8 (22%)
Do not report the findings because the data are insufficient 12 (16%) 5 (14%)
How should the probability of malignancy be expressed?
Quantitatively (e.g., ‘‘2.5 cm solid renal mass that is 80% likely to be renal cell carcinoma’’) 5 (7%) 7 (20%)
Qualitatively (e.g., ‘‘2.5 cm solid renal mass that is probably renal cell carcinoma’’)a 59 (81%) 12 (34%)
Not applicable; probability of cancer is not important (e.g., ‘‘2.5 cm indeterminate mass.) 9 (12%) 16 (46%)
If CT/MRI could differentiate papillary RCC from other RCCs, how useful would this be?
Very useful 13 (17%) 11 (31%)
Somewhat useful 42 (55%) 19 (53%)
Neutral 15 (20%) 2 (6%)
Not very useful 5 (7%) 4 (11%)
Not useful 1 (1%) 0 (0%)
If CT/MRI could differentiate clear cell RCC from other RCCs, how useful would this be?
Very useful 16 (21%) 14 (39%)
Somewhat useful 42 (55%) 17 (47%)
Neutral 13 (17%) 3 (8%)
Not very useful 4 (5%) 2 (6%)
Not useful 1 (1%) 0 (0%)
If histology (e.g., papillary RCC) is suggested but not confirmed, how should this be reported?
Include the information, express confidence quantitatively (e.g., ‘‘~70% likely papillary RCC’’) 2 (3%) 3 (9%)
Include the information, express confidence qualitatively (e.g., ‘‘probably papillary RCC’’)a 63 (86%) 23 (66%)
Do not include the information unless the imaging is conclusive. 8 (11%) 9 (26%)
When should TNM staging information be included in the Impression? (select all that apply)b

When there are definite metastases. 27 (37%) 17 (49%)
When the mass exhibits invasive behavior (e.g., tumor thrombus) 32 (44%) 14 (40%)
When the mass is believed to be probably malignant 33 (45%) 18 (51%)
When the mass is believed to be possibly malignant 11 (15%) 1 (3%)
Not applicable; TNM staging should not be reported 24 (33%) 7 (20%)
If the mass is a Bosniak II cyst, how should it be reported in the Impression?
Bosniak II cysta 18 (25%) 27 (77%)
Complicated cyst 7 (10%) 0 (0%)
Benign complicated cyst 18 (25%) 1 (3%)
Benign Bosniak II cyst 25 (34%) 7 (20%)
No preference 5 (7%) 0 (0%)
If the mass is a Bosniak I cyst, how should it be reported in the Impression?
Bosniak I cyst 7 (10%) 6 (17%)
Simple cyst 31 (42%) 18 (51%)
Benign simple cyst 24 (33%) 6 (17%)
Benign Bosniak I cyst 4 (5%) 4 (11%)
No preference 7 (10%) 1 (3%)

Denominators may not equal N = 78 (radiology) or N = 39 (urology) due to respondents not answering every question
a Single-specialty consensus (‡70% agreement) that an option was preferred
b Numbers do not sum to 100% because respondents were allowed to choose all answer options that applied for this topic
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radiologists (86% [63/73]) and urologists (66% [23/35])
thought that this information should be reported and
expressed qualitatively (e.g., ‘‘likely papillary RCC’’),
rather than stating a percentage likelihood.

Follow-up and management recommendations

Radiologists were more likely to consider management
recommendations preferred or essential to include for
solid masses (52% [38/73] vs. 23% [8/35], p = 0.006),
Bosniak IV masses (48% [35/73] vs. 23% [8/35],
p = 0.02), Bosniak III masses (53% [39/73] vs. 26% [9/
35], p = 0.008) and Bosniak IIF masses (73% [53/73] vs.
31% [11/35], p < 0.001). Most urologists did not want
management recommendations included in the report
other than a specification of the best type and interval of
imaging to use in follow-up (Table 7).

Discussion

Our survey has shown that radiologists and urologists
have different expectations regarding what should be
included in a CT or MRI report of an indeterminate
renal mass. In general, for elements related to the
description of a renal mass (i.e., elements not related to
differential diagnosis or management), we found that
consensus between specialties was more likely to be
achieved when considering what features should be re-
ported rather than how those features should be re-
ported. Interestingly, some, albeit a small minority of
academic radiologists and urologists, did not consider it
essential to report certain features that are well docu-
mented to be critical in renal mass evaluation (e.g.,
presence of fat, presence of enhancement [5, 7, 11]).
These findings demonstrate the need for improved edu-
cation.

Urologists were more likely to prefer the Nephrom-
etry score (75% [27/36] vs. 22% [17/76], p < 0.0001) [12,
13], more likely to prefer that enhancement on CT be
reported quantitatively (85% [32/38] vs. 46% [36/77],
p < 0.0001), more likely to prefer reporting of the rela-
tionship of a renal mass to the renal polar lines (67% [24/
36] vs. 36% [27/76], p = 0.002) [12, 13], and less likely to
want lymph node size reported using only the short-axis
diameter (36% [13/36] vs. 67% [50/75], p = 0.004). The
reasons for these disagreements were not investigated
directly in the survey, but it is probable that they reflect
specialty-specific practice patterns. For example, the
Nephrometry score and the relationship of a mass to the
renal polar lines are both factors that may influence
nephron-sparing treatment decisions [12, 13], while
reporting of quantitative enhancement on CT may be
preferred by urologists, so they can be reassured about
the degree of enhancement being reported by the radi-
ologist. Additionally, the observed radiologist preference
to report lymph nodes using a single short-axis diameter
likely relates to radiologist experience with Response
Evaluation Criteria in Solid Tumors (RECIST) and tu-
mor measurements in general [24] and their familiarity
with the weaker positive predictive value and weaker
reproducibility of long-axis measurements relative to
short-axis measurements for lymph nodes [24, 25]. The
preference among urologists for bi-directional lymph
node measurements does eliminate any confusion on
which axis is being reported when only one measurement
is provided.

Mass size was considered essential to report in the
impression by both specialties, likely because it governs a
variety of management steps. Specifically, when
describing a suspected solid RCC, mass size is an
important predictor of malignancy, is fundamental to the
TNM staging system [26, 27], is used to monitor growth

Table 7. Reporting a renal mass: survey results regarding the inclusion of radiologist recommendations in the impression of a radiology report,
stratified by specialty

Survey topics: report impression Essential to in-
clude

Prefer to include No preference Prefer not to in-
clude

Do not include

RadiologyUrologyRadiology Urology RadiologyUrologyRadiology Urology RadiologyUrology

Provision of management options, by mass type
Solid mass 21 (29%) 1 (3%) 17 (23%) 7 (20%) 19 (26%) 6 (17%) 12 (16%) 14 (40%) 4 (5%) 7 (20%)
Bosniak IV cystic mass 20 (27%) 1 (3%) 15 (21%) 7 (20%) 18 (25%) 6 (17%) 14 (19%) 15 (43%) 6 (8%) 6 (17%)
Bosniak III cystic mass 21 (29%) 1 (3%) 18 (25%) 8 (23%) 15 (21%) 5 (14%) 13 (18%) 15 (43%) 6 (8%) 6 (17%)
Bosniak IIF cystic massa 27 (37%) 1 (3%) 26 (36%) 10 (29%) 8 (11%) 8 (23%) 6 (8%) 8 (23%) 6 (8%) 8 (23%)
Specific radiologist recommendations
Perceived utility of percutaneous biopsy 12 (16%) 3 (9%) 32 (44%) 10 (29%) 17 (23%) 8 (23%) 8 (11%) 10 (29%) 4 (5%) 4 (11%)
Perceived utility of percutaneous ablation 2 (3%) 1 (3%) 12 (16%) 10 (29%) 30 (41%) 7 (20%) 22 (30%) 13 (37%) 7 (10%) 4 (11%)
Specification of imaging follow-up intervala 18 (25%) 1 (3%) 41 (56%) 18 (51%) 7 (10%) 4 (11%) 6 (8%) 8 (23%) 1 (1%) 4 (11%)
Specification of optimal follow-up imaging typeb 29 (40%) 3 (9%) 39 (53%) 23 (66%) 3 (4%) 4 (11%) 2 (3%) 2 (6%) 0 (0%) 3 (9%)

Denominators may not equal N = 78 (Radiology) or N = 39 (Urology) due to respondents not answering every question
a Single-specialty consensus (‡70% agreement) that an item was preferred or essential to include
b Inter-specialty consensus (‡70% agreement) that an item was ‘preferred’ or ‘essential’ to include
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[10, 14, 28], affects the feasibility of nephron-sparing
treatment options [29], and helps prognosticate and
predict the probability of metastasis [30, 31]. Size com-
parisons were considered essential by both specialties for
most renal mass types but the preferred method of
reporting size was controversial. In general, both spe-
cialties preferred including a comparison to both the
most recent examination and the oldest examination,
likely because it is a better indicator of growth rate than
a single proximate comparison.

Use of the Bosniak classification was considered
preferred or essential by both specialties for Bosniak IIF,
III, and IV cystic masses. There was consensus among
urologists that use of this system was essential, even for
Bosniak II masses, while radiologists were more likely to
use the phrase ‘‘complicated cyst’’ in lieu of a Bosniak II
designation. Neither specialty preferred the term ‘‘Bos-
niak I cyst’’—both considered ‘‘simple cyst’’ to be a
better option. One of the interesting results of the survey
was that urologists in consensus thought radiologists
should reiterate in the impression the supportive mor-
phologic details of the Bosniak classification already
listed in the report body. For example, when assigning a
Bosniak IV designation, urologists would prefer the
impression include ‘‘Bosniak IV cystic mass with an
enhancing mural nodule’’ rather than simply ‘‘Bosniak
IV cystic mass.’’ The reasons for this are unclear, though
perhaps it might allow a urologist to verify or better
understand the basis for the Bosniak classification
assignment.

Although providing a differential diagnosis is a
common practice by radiologists, urologists were signif-
icantly less likely to consider this essential when report-
ing an indeterminate renal mass. This may be because
current management algorithms for small indeterminate
solid masses [5, 7, 10, 27, 32, 33] and Bosniak IIF–IV
masses [6, 7] typically base the recommended manage-
ment strategies largely on size. However, current man-
agement algorithms do not dictate a strategy for all
patients. A differential diagnosis that includes and ex-
presses the probability of RCC relative to benign masses
such as oncocytoma and fat-poor angiomyolipoma may
still help determine whether treatment, biopsy, or active
surveillance is appropriate. In addition, current man-
agement algorithms generally were conceived at a time in
which radiologists were more limited in their ability to
differentiate different types of solid masses (e.g., clear cell
RCC vs. papillary RCC) or to predict biologic behavior.
As imaging improves and management evolves, provi-
sion of a differential diagnosis—or a listing of imaging
phenotypes from the point-of-view of mass aggressive-
ness (e.g., hypointensity on T2-weighted imaging [18, 19,
22, 23])—may prove increasingly helpful when selecting
among various treatment options [9, 34]. Both specialties
preferred that when possible the most likely histology be
stated and expressed qualitatively (e.g., ‘‘likely papillary

RCC,’’ ‘‘possible fat-poor angiomyolipoma’’). Both
specialties thought that having an imaging test that
reliably could differentiate papillary RCC or clear cell
RCC from other renal cancers would be helpful. This
information highlights the potential impact of recent
efforts to expand the ability of MRI and CT to predict
histology [15–21].

However, the practice of translating predictive imaging
information into management recommendations is con-
troversial. For example, although certain imaging features
might indicate a substantial benefit of percutaneous biopsy
due to the higher likelihood of benignity and potential
avoidance of unneeded surgery, only 37% [13/35] of urol-
ogists preferred suchanexplicit recommendation for biopsy
to be made. In fact, a majority of urologists (60% [21/35])
preferred management recommendations be omitted for
solid masses, Bosniak IV masses, or Bosniak III masses.
Based on free-text responses by the urologists, common
explanations for this opinion were that management deci-
sions should be made ‘‘in person between the ordering
physician and the patient depending on patient age,
comorbidity, other malignancies, patient wishes, etc.’’ One
urologist stated that management ‘‘suggestions [may] lead
to anxiety and defensivemedicine,’’ and another wrote that
‘‘management should…not be suggested unless you are
seeing the patient directly.’’ Urologists preferred that radi-
ologists only offer management recommendations that
pertain directly to imaging, with a majority of urologists
considering it preferred or essential to include information
about the recommended interval and type of imaging fol-
low-up. However, the provision of management options
beyond imaging (e.g., percutaneous biopsy) could be help-
ful in certain situations because radiology reports may be
received primarily by non-urologist physicians caring for
the patient. Additionally, the survey did not capture the
range of verbiage that can be used to suggest amanagement
option; urologists may have welcomed management rec-
ommendations, if the wording was not ‘binding.’ For
example, the following sentence, ‘‘possible options for
management could include a percutaneous biopsy’’ may
have engendered a more favorable response.

There are several limitations of our study. The survey
was delivered only to academic abdominal radiologists
and urologists in the United States; some of those insti-
tutions were represented by individual members of the
survey design team. Other potential stakeholders are not
represented, including international, non-academic (e.g.,
private practice), and non-specialized (e.g., general
practitioners) physicians who may have different levels
of knowledge and different opinions, raising the possi-
bility of selection bias. General practitioners may be
more interested in explanatory diagnostic terms (e.g.,
‘‘benign complicated cyst’’ rather than ‘‘Bosniak II
cyst’’) or specific management recommendations than
urologists. Our survey did not include a question-by-
question opportunity for free-text entry—only a single
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general opportunity at survey conclusion; therefore, in
some instances, we were unable to discern in retrospect
why a particular answer was chosen. Provider prefer-
ences are only one component of a decision framework
regarding what should be included in a hypothetical
report. For example, some providers may not believe
that a particular item is necessary to include even if it is
grounded in evidence (e.g., use of the Bosniak classifi-
cation [6, 7]). Lastly, this survey investigates a hypo-
thetical future state in which these data are incorporated
into a structured template describing a renal mass. It is
possible that respondents’ opinions may change when
faced with creating or consuming a more or less detailed
report.

In conclusion, important elements to include in a CT
or MRI report of an indeterminate renal mass are
critical diagnostic features, the Bosniak classification if
relevant, and the most likely specific diagnosis when
feasible; including management recommendations is
controversial. The information obtained from this sur-
vey can be used to derive a structured template for the
reporting of a renal mass, inform radiologists about
what is desired when describing a renal mass, and
hopefully help standardize related dictations received by
referring physicians.
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