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Abstract

Objective: Since it has been suggested that benign renal
cysts can be diagnosed at unenhanced CT on the basis of
homogeneity and attenuations of 20 HU or less, we
determined the prevalence of renal cell carcinomas
(RCCs) with these characteristics using two different
methods of measuring attenuation.
Materials and methods: After IRB approval, two radiol-
ogists obtained unenhanced attenuation values of 104
RCCs (mean size 5.6 cm) using a single, large region of
interest (ROI), two-thirds the size of the mass. They were
then determined if the masses appeared heterogeneous.
Of RCCs measuring 20 HU or less, those which appeared
homogeneous were re-measured with multiple (6 or
more), small (0.6 cm2 or smaller) ROIs dispersed
throughout the lesion. Masses with attenuations 20 HU
or less were compared to those with masses with HU
greater than 20 for any differences in demographic data.
Results: Of 104RCCS, 24 RCC hadHU less than 20 using
a large ROI. Of these, 21 appeared heterogeneous and 3
appeared homogeneous. Usingmultiple small ROIs, these
three RCCs revealed maximum attenuation values above
20 HU (Range: 26–32 HU). A greater portion of RCCs
measuring 20 HU or less using a large ROI were clear cell
sub-type. There were no other differences.
Conclusions: Renal cell carcinoma can measure 20 HU or
less at unenhanced CT when a single large ROI is used.
While most appear heterogeneous, some may appear
homogeneous, but will likely reveal attenuations greater
than 20 HU when multiple, small ROIs are used. This
knowledge may prevent some RCCs from being misdiag-
nosed as cysts on unenhanced CT.
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The diagnosis of renal masses has historically required
either ultrasound, or a CT or MRI examination that is
designed to evaluate a renal mass completely [1, 2].
However, renal masses are more commonly found inci-
dentally with imaging exams that are not designed to
evaluate them completely [3]. For example, unenhanced
CT, used often to evaluate a variety of abdominal dis-
orders, including flank pain and urolithiasis [4], often
reveals incidental renal masses and thus radiologists are
challenged with diagnosing their etiology. The primary
goal is to diagnose renal cancers at an early curable
stage, realizing most incidental renal masses detected at
unenhanced CT are benign [1–3, 5].

Recent studies have suggested that benign renal cysts
can be diagnosed and renal cancers excluded with con-
fidence using unenhanced CT in masses which are
homogeneous, and either measure 20 HU or less, or 70
HU or greater [3, 6–8]. These reports also emphasize that
renal masses which are either heterogeneous, or homo-
geneous and contain attenuations greater than 20 HU
and less than 70 HU might be cancers [9, 10]. Although
most renal cell carcinomas are solid with attenuation
values greater than 20 HU [10, 11], cystic renal cancers
may have attenuations 20 HU or less in only a portion of
the mass, and hence the number and size of the region of
interest (ROI) used to measure the attenuation may be
important. The literature is replete with data regarding
the attenuation of renal masses and has used variable
sizes and numbers of ROI’s [7, 12]. In fact, to our
knowledge, a standard method of measuring attenua-
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tions of renal masses has not been described. Since it has
been suggested that renal cell carcinomas (RCCs) can be
diagnosed at unenhanced CT on the basis of hetero-
geneity and attenuations of 20 HU or more, we deter-
mined the prevalence of RCCs with these characteristics
using two different methods of measuring attenuation.

Materials and methods

Institutional Review Board approval was obtained and
informed consent waived for this retrospective HIPAA-
compliant study. Of 162 pathology proven renal cell
carcinomas (RCCs) between 2006 and 2014, 104 (mean
size 5.64, range 1.0–15.5 cm) were examined with unen-
hanced abdominal CT. All CT scans were obtained in
patients older than 18 years of age, within three months
of establishing the diagnosis at pathology, and were
performed either alone or as part of an examination that
included contrast-enhanced CT images. CT scans were
obtained using 16–64 channel (Light Speed, Light Speed
VCT, General Electric, Milwaukee, WI) or a 64 to 128
channel multi-detector CT scanners (Definition Sensa-
tion 64, Definition AS Plus scanners, Siemens Medical
Solutions, Malvern, PA). All images were acquired at
120 kVp and variable tube current. Pitch varied from 0.8
to 1.5. Images were reconstructed in the axial plane and
with a section thickness ranging from 1.0 to 3.25 mm
using a standard body kernel for the images acquired
with General Electric CT scanners, and a B40F kernel for
the images acquired with the Siemens Medical Solution
scanners. Adaptive iterative reconstruction software was
not used.

Renal mass analysis

Using radiology PACS work station (iSite version 3.6,
Philips Healthcare), two abdominal radiologists with 34
years and 8 years of experience, respectively, indepen-
dently evaluated the unenhanced CT images of each tu-
mor. The average of the two largest perpendicular
diameters was considered the diameter of each mass.
Attenuation values were obtained using a large region of
interest (ROI), approximately two-thirds the size of each
renal mass, placed on the thinnest reconstructed image
available (Fig. 1A), a method described previously by
Scheida [12]. Masses with attenuation greater than 20
HU, as measured by both readers, were not analyzed
further. The mean and range of the attenuation values of
these masses were recorded. Masses with attenuation of
20 HU or less as measured by one or both readers were
analyzed in consensus. Using window settings with a
width of 400 and level of 40, masses which were not
simple cyst-appearing, i.e., were either heterogeneous or
had one or more septations or calcifications, were re-
corded and not evaluated further. The remaining
homogeneous masses with an attenuation of 20 HU or
less were analyzed using multiple, (>6) small (0.6 cm2 or
smaller) ROIs by moving the ROI from region to region
in the mass to identify regions of heterogeneity or higher
attenuation (Fig. 1B). The mean attenuation value,
maximum attenuation value, and range of the attenua-
tion values of each of these masses were recorded.

Using data derived only from single, large ROI
measurements of attenuation, masses with attenuations
20 HU or less were compared to those with attenuations

Fig. 1. Renal cell carcinoma attenuation values on unen-
hanced CT: diagrammatic representation of two measure-
ment methods. A Single, large region of interest (ROI)
encompassed the central, approximately two-thirds of a renal

mass. B Multiple, (>6) small (0.6 cm2 or smaller) ROI
attenuation measurements were positioned in multiple re-
gions throughout each renal mass.
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greater than 20 HU for differences in patient age and
gender, scanner type, mass size, and cancer sub-type. The
Chi-square test was used to compare patient gender and
CT scanner type. The ANOVA test was used to compare
patient age and mass size. The 2-proportion z-test was
used to compare cancer sub-type. All analyses were
performed using the Analysis ToolPak on MS Excel
(Version 2007, Redmond, WA); a p value of less than
0.05 was considered statistically significant.

Results

Of 104 RCCs, using a single, large ROI, 80 had an
attenuation greater than 20 HU by both readers; 24 had
an attenuation of 20 HU or less after consensus by both
readers (mean, 16.5 HU, range 5.9–19.0) (Fig. 2). In our
original independent review, in 22/24 there was agree-
ment between both readers and in 2 there was disagree-
ment, but consensus was reached as being <20 HU on
these two. Of the 24 RCCs with an attenuation of 20 HU
or less using a single, large ROI, 21 were not simple cyst-
appearing renal masses. Of these, twelve were heteroge-
neous without other features (Fig. 3). Of the other nine
that were heterogeneous, seven had calcifications, one
had septations, and one had both septations and calci-
fications. There were three masses with HU less than 20,
using a single large ROI. However, using multiple small
ROI’s placed throughout the mass, at least one attenu-
ation value greater than 20 HU (mean 29 HU range,
26–32 was obtained) (Figs. 4, 5, 6).

There were no differences in patient age, patient
gender, mass size, and CT scanner type between the
masses that measured greater than 20 HU and those
which measured 20 HU or less using a single, large ROI
(Table 1). However, there was a non-significant trend in
the groups with only 17% in the low HU group scanned
with the GE scanners compared with 44% with the GE

scanner in the higher HU group (Table 1). Of the 104
RCCs, 77 (74%) were clear cell carcinomas, 20 (19%)
were papillary cell carcinomas, and seven (7%) were
chromophobe RCCs. Twenty of the 24 RCCs which
measured 20 HU or less using a single, large ROI were
clear cell sub-type. Relative to other sub-types, a signif-
icantly greater portion and a trend of masses measuring
20 HU or less were clear cell RCCs (Table 1). Clear cell
carcinomas had the overall lowest mean attenuation
(26.4 HU) using a single, large ROI (Table 2). All three
homogeneous RCCs which measured less than 20 HU
with a single large ROI were clear cell RCCs (mean
diameter, 4.0 cm, range 2.8–5.1 cm) with a mean atten-
uation of 18 HU (range 17–19).

Discussion

It has long been known that non-calcified fat-containing
renal masses can be reliably diagnosed as angiomy-
olipomas with unenhanced CT alone [2]. Our ability to
diagnose the etiology of other renal masses with unen-
hanced CT alone has increased substantially in recent
years [3, 6–8]. In large studies with unenhanced CT,
simple cyst-appearing renal masses, defined as those that
are homogeneous with water attenuation (-10 to +20
HU) and without septations are most always renal cysts
[3, 8, 13]. Alternatively, none of 193 RCCs reported in
one study were homogeneous with attenuations less than
20 HU [7].

However, Silverman et al. reported as early as 1994
that RCC can reveal attenuations 20 HU or less on
unenhanced CT [11]. Birnbaum et al reported a mean
unenhanced attenuation value of 19 HU among 16
RCCs; half of them measured less than 20 HU [14].
Zhang et al reported unenhanced attenuation values of
108 clear cell RCC ranging from 14 to 71 HU [15].
Ruppert-Kohlmayr et al showed that some clear cell
RCCs measured less than 20 HU on unenhanced CT [16].
Although these prior reports have shown that attenua-
tions of RCC can measure 20 HU or less, the number of
masses that were also homogeneous is not known. Fur-
thermore, the methods used to measure attenuations
were either variable or not described fully [11, 12, 17–20].

It is well-established that the ability to use unen-
hanced CT to diagnose masses as benign cysts depends
on both the measured attenuation value and the mass’s
appearance [3]. Although it is recommended that a renal
mass be considered homogeneous before a confident
diagnosis of a cyst is made, obtaining an attenuation
value of 20 HU or less might lead to misdiagnosing a
renal cancer as a cyst if the visual assessment of homo-
geneity is not performed or is incorrect. We postulated
that the prior reports of low (£20 HU) attenuation RCCs
may have been in part due to the use of large ROIs [12].
Schieda et al, in a recent study that included 55 renal cell
carcinomas, used three ROI measurements (each

Fig. 2. Renal cell carcinoma attenuation values on unen-
hanced CT: Flow chart demonstrates image analysis of 104
renal cell carcinomas examined with unenhanced CT.
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encompassing two-thirds of each mass) and found that
eight RCCs had an average attenuation 20 HU or less on
unenhanced CT [12]. Therefore, we postulated that the
finding of RCC with attenuations 20 HU or less may be
due to both the number and size of the ROI.

Our data demonstrated that using a single, large ROI,
24 (23%) of 104 RCCs measured 20 HU or less. Al-
though most cancers were assessed as heterogeneous,
three were homogeneous and measured 20 HU or less
using a single, large ROI. We would urge caution when
measuring a renal mass with a large ROI. When multiple,
small ROIs were used, all three revealed at least one
attenuation value greater than 20 HU. Indeed, using
multiple small ROIs, none of the 104 RCCs in our cohort
would have been diagnosed as a cyst. All RCCs were
either heterogeneous or had attenuations higher than 20
HU when evaluated with multiple, small ROIs. However,
our data reveal that in addition to assessing all features
of a renal mass, instead of using one or more large ROIs
as has been suggested by others, it is better to use mul-
tiple, small ROIs to measure attenuation.

Our results can be explained in the following way.
Measuring attenuations using large ROIs volume aver-
age heterogeneous regions of tissues that contain high

and low attenuations that otherwise would be detected if
multiple, small ROI were used. In other words, using
multiple small ROIs adds to the visual assessment of
renal masses and helps detect heterogeneity. We believe
that the use of large ROIs may explain others multiple
reports of low attenuation RCC [9, 11, 12, 14, 15].

Few prior studies have evaluated the effect of varying
the size of the ROI used to evaluate renal masses. Ro-
senkrantz et al reported no significant difference between
the unenhanced CT attenuation values of RCC when
using a small (<0.5 cm2) ROI (mean HU of 30.5 ± 9.9)
compared to attenuation values obtained with a larger
ROI, equal to one half the diameter of the mass (mean
HU of 28.0 ± 8.3) or for any of the ROI’s used [18].
Regarding varying the number of ROIs, Schieda et al.
suggested using multiple ROIs when evaluating renal

Fig. 3. A 43-year-old male with large clear cell RCC. A Us-
ing a large ROI, the attenuation of this renal cell carcinoma
was only 5.9 HU, but was considered heterogeneous in study

reviewed. B Contrast enhancement shows an enhancing
peripheral portion and a low density center. This tumor was a
clear cell RCC at pathology.

Fig. 4. A 36-year-old male with left clear cell carcinoma.
A Unenhanced CT illustrating left renal mass (arrow).
B Unenhanced CT using a large ROI showed HU measure-
ment of 16. It was considered homogeneous. C Unenhanced
CT using a small ROI showed HU measurement of 25.6.
D Corresponding enhanced CT demonstrating solid mass
which was resected and revealed clear call RCC.

c
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masses but their suggested size was large [12]. Our results
reveal the importance of using multiple, small ROIs.

We found no statistically significant differences with
respect to the scanner used to evaluate the RCCs in our
cohort. Others have shown that multiple factors can af-
fect attenuation values of renal masses, including the
scanner type [21, 22]. These studies have shown differ-
ences in attenuation values between manufacturers and

Fig. 5. A 59-year-old woman with a homogeneous-appear-
ing RCC with HU 20 or less using a large ROI. A Unenhanced
CT with 1.25 mm reconstruction showed a 4.2-cm homoge-
nous appearing renal mass (arrow). B Unenhanced CT with 5
mm reconstruction showed a 4.2 cm homogenous appearing
renal mass (arrow). C Unenhanced CT using a large ROI
showed HU measurement of 18. D Unenhanced CT using a

small ROI showed HU measurement of 32. E However, a
follow-up CT urogram performed 11 months later for hema-
turia demonstrated that the mass grew to 5 cm and had a
heterogeneous region (arrow) on unenhanced images. F CT
urogram at 11 months shows heterogeneous enhancement.
Clear cell renal cell carcinoma was found at nephrectomy.

cFig. 6. A 86-year-old male with right RCC. A Unenhanced
CT using that was interpreted as a homogenous appearing
renal mass (arrow). B Unenhanced CT using a large ROI
showed HU measurement of 10.1. C Unenhanced CT using a
small ROI showed HU measurement of 28.9. D Delayed
contrast-enhanced CT through the mass. Clear cell renal cell
carcinoma was found at nephrectomy.
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even differences among the same manufacturer using
different reconstruction kernels [21, 22]. Although not
used in our cohort, iterative reconstruction techniques
may also affect attenuation values [23]. Finally, attenu-
ation values can also be affected by patient size [24].

Our study had limitations. First, we recognize that
because CT attenuation values are variable, no single
attenuation value threshold is 100% sensitive and specific
for the diagnosing the etiology of renal masses on
unenhanced CT [23]. For example, a lower attenuation
threshold might increase the sensitivity for diagnosing
RCC but lower specificity, and result in misdiagnosing
more cysts as cancers. Second, our study was retrospec-
tive, and did not include a cohort of renal cysts for
comparison. Including such a cohort would have ad-
dressed specificity or the false-positive diagnosis of renal
cell carcinoma among cysts on unenhanced CT. Thus we
feel the use of a large ROI and heterogeneity should be
first used to help separate solid masses from cysts on
unenhanced CT. In practice, use of small ROIs would be
reserved for indeterminate masses, acknowledging the
fact that volume averaging could account for spurious
high HU values for cysts and add additional time for
image review. Further studies may be necessary to eval-
uate the benign end of the spectrum. However, others
have limited their analyses to cancers also [7, 12]. Our

purpose was to evaluate RCC only; data that include
only RCCs are still sufficient to show the importance of
measuring attenuation with multiple, small ROIs rather
than a single large ROI. Third, we did not evaluate the
effect of ROI location. The single large ROI was centered
in each mass; the multiple small ROIs were positioned in
multiple portions of each renal mass to maximize the
chance of detecting regions greater than 20 HU. Finally,
we did not evaluate the effect of varying window settings.
We used a soft tissue window setting that is typically
used to evaluate the abdomen to mimic clinical practice.
However, narrower window settings may have improved
our ability to detect heterogeneous masses or high
attenuation regions [25].

In summary, 23% of RCCs had an attenuation of 20
HU or less using a single, large ROI; these included three
(2.8% of total) which appeared homogeneous. Our data
show that, if only a single, large ROI is used, a RCC may
have attenuation 20 HU or less and be misdiagnosed as a
benign renal cyst if it is not assessed for heterogeneity.
Therefore, when evaluating renal masses at unenhanced
CT, in addition to visually assessing for heterogeneity,
we recommend using multiple, small ROIs to measure
attenuation. Use of small ROIs may be beneficial in
revealing otherwise non-apparent increased density
within renal masses. In the future, quantitative CT tex-
tural analyses may further improve our ability to assess
renal mass heterogeneity and assure that a renal cell
carcinoma is not mistaken for a benign renal cyst [26].
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Table 1. Renal cell carcinoma attenuation values on unenhanced CT using a large ROI: comparison of low (<20 HU) and high (>20 HU)
attenuation masses

Low (<20 HU)
attenuation RCCs (N = 24) (%)

High (>20 HU) attenuation
RCCs (N = 80) (%)

Totals (N = 104) p values

Patient age
Mean age 61 65 0.18

Gender
Male 14 (58.5%) 52 (65%) 66
Female 10 (42%) 28 (35%) 38

0.55
Mass size

Mean size (cm) 5.21 6.25
Std Dev 3.20 5.04

0.34
Scanner type

GE 4 (17%) 35 (44%) 39
Siemens 20 (83%) 45 (56%) 65

0.09
RCC sub-type

Clear cell 22 (92%) 55 (69%) 77 (74%) 0.01
Papillary 2 (8%) 18 (22.5%) 20 (19%) 0.06
Chromophobe 0 (0) 7 (8.5%) 7 (7%) 0.067

Table 2. Renal cell carcinoma attenuation values on unenhanced CT:
Mean attenuation values of tumor sub-types

RCC sub-type
(total N = 104)

Mean
diameter (cm)

Mean
attenuation

(single, large ROI)

Clear Cell (N= 77) 6.25 26.37
Papillary (N = 20) 4.75 30.20
Chromophobe (N = 7) 6.91 32.00
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