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Abstract

Purpose: To determine whether the frequency of intra-
observer measurement discrepancies ‡5 mm for solid
renal masses varies by renal mass characteristics and CT
contrast phase.
Materials and methods: This HIPAA-compliant retro-
spective study was approved by our IRB. We selected
single CT images performed during the nephrographic
phase (NP) of renal enhancement in 97 patients, each
with a single solid renal mass. Mass location, margin,
heterogeneity, and growth pattern were assessed. Six
readers measured each mass on two occasions >3 weeks
apart. Readers also measured the masses on images in 50
patients who had corticomedullary phase (CMP) images
obtained during the same study. Results were assessed
using Chi-square/Fisher’s exact and Wilcoxon Signed
Rank tests, and logistic regression analyses.
Results: For NP to NP comparisons, intra-reader mea-
surement differences ‡5 mm were seen for 3.7% (17/463)
of masses <4 cm, but increased to 16.8% (20/119) for
masses >4 cm (p < 0.0001). Masses with poorly defined
margins (15.9% [22/138] vs. 3.4% [15/444] for well-
defined margins, p < 0.0001) and heterogeneity (15.3%

[22/144], vs. 5.0% [14/282] for minimally heterogeneous,
vs. 0.6% [1/156] for homogeneous, p < 0.0001), were
more frequently associated with measurement differences
‡5 mm. Differences ‡5 mm were more frequent when
only CMP images were utilized (14% [42/299]), or when
CMP images were compared with NP images (26% [77/
299]).

Conclusions: A ‡5 mm intra-reader variation in mea-
sured size of solid renal masses <4 cm is uncommon for
NP to NP comparisons. Variation increases when masses
are ‡4 cm, poorly defined, or heterogeneous; or when
CMP images are utilized.

Key words: Renal mass measurements—Computed
tomography—Solid renal mass

Despite recent improvements in the detection of small
solid renal neoplasms, there has been no corresponding
significant decrease in disease-specific mortality from
renal cancer [1, 2]. While up to 20% of small solid renal
masses are benign [3], it has been speculated that many of
the remaining small renal neoplasms, though malignant,
are likely indolent and might never grow large enough to
cause symptoms, invade local structures, or produce
regional or distant metastatic disease. These tumors
would therefore probably never affect patient morbidity
and mortality, especially in the elderly, many of whom
have significant morbidity and mortality from other
diseases [4].

As a result of these observations, active surveillance
of renal masses has been increasingly used as a man-
agement strategy for patients with small incidentally
detected renal neoplasms [5–12]. An important aspect of
this strategy involves the performance of sequential fol-
low-up imaging with cross-sectional imaging studies
(e.g., CT), with more rapidly growing masses shown to
be more likely to require eventual treatment [4, 8]. Thus,
accurate determination of renal mass size and prompt
recognition of rapid growth has become increasingly
important in the clinical decision-making process.Correspondence to: Richard H. Cohan; email: rcohan@umich.edu
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There have been only a few studies evaluating
repeatability of renal mass measurements on CT and
these have included relatively small numbers of patients
[13–15]. In one of these studies, inter-observer and intra-
observer variability in renal mass measurements was
determined to be 3 and 2 mm, respectively [14]. Partly
due to this known measurement discrepancy rate, we and
others [16] have used a measured change in a solid renal
mass of 5 mm or more within a year to indicate rapid
growth and an increased need for definitive treatment
rather than active surveillance. The purpose of this study
was to determine the frequency of intra-observer mea-
surement discrepancies ‡ 5 mm for solid renal masses
and to assess whether the frequency varies for renal
masses having different CT characteristics and when
renal masses are imaged during different phases of con-
trast material enhancement.

Materials and methods

Prior to the initiation of this investigation, Institutional
Review Board approval was obtained. This retrospective
study was carried out in compliance with the Health
Insurance Portability and Accountability Act (HIPAA,
USA). Patient informed consent was not required based
on institutional policy and the retrospective nature of
this investigation.

Subjects

We accessed an Interventional Radiology database for a
list of all patients who had undergone percutaneous
biopsy of a solid renal mass between April 2009 and
December 2011. From this list, one radiologist chose a
subset of masses imaged with CT that had prospective
measurements (by the initial exam interpreters) of 1–
5 cm in greatest dimension. The CTs were chosen from
this list, even though they were performed using a variety
of protocols, because the list included many small biopsy
proven solid renal masses of a wide variety of sizes,
allowing us to choose a total of 100 scans, which imaged
masses equally divided among four size groups of inter-
est. The first twenty-five masses on the list that met each
of the following size ranges: 1.0–1.9, 2.0–2.9, 3.0–3.9, and
4.0–4.9 cm were selected. Three of these masses were
subsequently excluded (one mass in the 1.0–1.9 cm
group, one mass in the 3.0–3.9 cm group, and one mass
in the 4.0–4.9 cm group), as they were displayed on
images in which additional masses were present, which
could have led to confusion (concerning which mass was
being measured) when our experimental measurements
were made. Our final study population therefore con-
sisted of 97 patients with 97 solid renal masses (58 males
[mean age: 64 years, range 59–81 years] and 39 females
[mean age: 59 years, range 25–82 years). Fifty-four
masses were in the right kidney and 43 masses were in the

left kidney. Sixty-seven of the masses were subsequently
diagnosed as malignant (all of which were renal cancer),
28 as benign, and two were indeterminate (representing
oncocytic renal neoplasms in patients who had no further
tissue sampling).

Renal mass protocol for computed tomography

All masses were imaged on 16 or 64 slice helical CT
scanners using 0.625–5 mm image thickness and recon-
struction intervals (0.625 mm [N = 1], 1.25 mm
[N = 1], 2.5 mm [N = 41], 3.0 mm [N = 6], 3.75 mm
[N = 2], 4 mm [N = 1], 5 mm [N = 44], 5.5 mm
[N = 1]) with the varying slice thicknesses utilized pri-
marily because many patients had studies performed at
outside institutions. Delayed enhanced images were ob-
tained in each patient during the nephrographic phase
(NP), with homogeneous nephrograms demonstrated.
Our institutional technique consisted of obtaining NP
images at least 100 s following the initiation of the con-
trast material injection of 100 or 125 mL of 300 mg I/mL
nonionic iodinated contrast media.

From the included group of 97 masses, 50 patients
also had corticomedullary (CMP) images obtained dur-
ing the same CT when the NP images were acquired.
Images for these series obtained beginning at 60–70 s
following the initiation of contrast material administra-
tion. The CMP masses belonged to the following size
groups: 1.0–1.9 cm [N = 12], 2.0–2.9 cm [N = 17], 3.0–
2.9 cm [N = 14], 4.0–4.9 cm [N = 7]. Image thicknesses
for the CMP images ranged between 0.625 and 5.5 mm
(0.625 mm [N = 1], 1.25 mm [N = 0], 2.5 mm [N = 5],
3.0 mm [N = 3], 3.75 mm [N = 2], 4 mm [N = 1],
5 mm [N = 38], 5.5 mm [N = 0]). Three patients were
scanned with thinner CMP than NP image collimation
(0.625 vs. 5.0 mm [N = 1] and 2.5 vs. 5.0 mm [N = 2]),
and five patients were scanned with thicker CMP than
NP image collimation (5.0 vs. 2.5 mm [N = 5]). In the
remaining 42 patients, CMP and NP image thickness
were identical.

Image measurement protocol

To minimize variation that might be introduced by
readers misidentifying a targeted renal mass, or readers
making measurements in a non-standard plane of
acquisition, the readers were given only a single image
for each CT examination contrast phase on which to
make their diameter measurements. These representative
images were selected by one abdominal radiologist prior
to study initiation and chosen to reflect the axial slice
demonstrating the largest diameter of the mass in each
phase. The location of the mass (with respect to side) was
indicated on the reader data sheet. Each mass was then
assessed by the same abdominal radiologist (on each
selected NP image for the following features: (1) margins
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[whether or not the margins of the mass were well-de-
fined or poorly defined], (2) heterogeneity (subjectively
graded as homogeneous, mildly heterogeneous [with
slight internal variations in attenuation], or very heter-
ogeneous [with pronounced internal variations in atten-
uation), (3) location (polar or interpolar based upon
whether or not the mass crossed the renal polar lines),
and (4) growth pattern (whether the mass was > or
£50% exophytic).

Six readers, each of whom is also an experienced
abdominal radiologist, measured each mass in two
dimensions in the axial plane, recording a maximal
diameter measurement and then a second short-axis
diameter measurement perpendicular to the first. Mea-
surements were made from outer to outer mass margin,
using electronic calipers on a workstation (Horizon
Medical Imaging—Version 11.2, McKesson Information
Solutions, Richmond, BC, Canada). Windowing and
leveling were performed at the discretion of each reader.
The readers then repeated measurements of the same
masses with a minimum interval time period of three
weeks between review sessions. The two sets of CMP
measurements were obtained after the NP measurements
had been completed.

Statistical methods

For the 97 included images, there were a total of 582 (97
images 9 6 readers) observations of both the maximum
size and the orthogonal size measurement for each of two
reading sessions. The difference between each of the two
maximum diameter measurements was calculated and
the difference between each of the two orthogonal mea-
surements was calculated. If either difference was
‡5 mm, we defined this as a clinically relevant discrep-
ancy. The larger of the two measurement differences (in
absolute value) was defined as the magnitude of the
discrepancy. The same procedure was followed for
comparing the two sets of CMP image measurements in
the subset of 50 patients who also had CMP images
provided. In order to assess the impact of different types
of renal enhancement on the rate of measurement dis-
crepancies, we also compared the first set of NP mea-
surements to the first set of CMP measurements in the 50
patients who had both sets of images obtained.

As the trend of discrepancies did not increase linearly
with increases in lesion size across the measured groups,
we used an indicator variable for lesions which were 4.0–
4.9 cm in average size when comparing them to lesions
<4.0 cm in average size, rather than using the actual size
of the lesion in analyses. A cut-off of 4.0 cm was em-
ployed, as this is used as a threshold by our urologists to
indicate the need for treatment in patients who are
undergoing active surveillance. Statistical analysis was
performed using SAS V9.3 (SAS Institute, Cary, NC).
Chi-square or Fisher’s exact test (with extensions) was

used to compare discrepancy rates for groups composed
of masses with each individual characteristic (e.g.,
growth pattern and size category). Logistic regression
(both univariate and multivariate) was employed to
estimate the odds ratio of a discrepancy for the different
mass characteristics. Intrareader discrepancies for the
different phase comparisons (NP vs. NP images, CMP
vs. CMP images, and NP vs. CMP images) were tested
using the Wilcoxon Signed Rank test. Measurement
discrepancy rates were then calculated for mm size
thresholds other than ‡5 mm for each of the three sets of
comparisons (NP vs. NP, CMP vs. CMP, and NP vs.
CMP) to estimate appropriate alternative thresholds.

Results

Renal mass location and morphology
on NP images

Seventy-four of the 97 renal masses were classified as
well-marginated and 23 as poorly marginated. Forty-
seven renal masses were mildly heterogeneous, 26 renal
masses were completely homogeneous, and 24 renal
masses were very heterogeneous. Fifty-six renal masses
were polar in location, and 41 renal masses were in the
mid kidney. Fifty-eight renal masses were endophytic
and 39 renal masses were exophytic.

Differences in discrepancy rates among the six
readers

Table 1 demonstrates the frequency with which intra-
reader measurements differed by ‡5 mm for each of the
three comparisons by each reader (NP vs. NP for 97
masses, CMP vs. CMP for 50 masses, and NP vs. CMP
for 50 masses). The six ‡5 mm intra-reader discrepancy
rates were generally low for the NP vs. NP comparisons,
ranging from 2% (2/97) for one reader to 10% (10/97) for
another. The differences in discrepancy rates were not
significantly different among readers (p = 0.12). Mea-
surement variations of ‡5 mm between review sessions
were more common when CMP images were evaluated
(Fig. 1). When a comparison was made between the two
CMP series review sessions, discrepancy rates of ‡5 mm
among the six readers ranged from 8% (4/49) to 22% (11/
50); the differences among readers were not significantly
different (p = 0.36). However, for each of the six read-
ers, there was a significantly higher ‡5 mm discrepancy
rate for the CMP to CMP comparisons than for the NP
to NP comparisons (p = 0.031). When NP measure-
ments made during one review were compared with CMP
measurements made during another review, the fre-
quency of >5 mm discrepancies was even higher, rang-
ing between 20% (10/50) and 32% (16/50) for the
different readers. The differences among the readers were
again not significant (p = 0.69). The discrepancy rates
for CMP to NP comparisons for each of the six readers
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were significantly higher than the discrepancy rates for
CMP to CMP comparisons, as well as the discrepancy
rates for NP to NP comparisons (both p = 0.031).

Impact of lesion characteristics on intra-reader
NP measurement discrepancy rates

Renal mass size. The intra-reader NP to NP ‡5 mm
discrepancy rate was uncommon for renal masses
<4 cm. For masses <2.0 cm, the rate was 0.8% (1/132).
For masses 2.0–2.9 cm, the rate was 6.0% (11/182), and
for masses 3.0–3.9 cm, the rate was 3.4% (5/149) (Fig. 2).
These differences were statistically significant
(p = 0.046). For renal masses ‡4 cm, the discrepancy
rate was much higher (17% [20/119], p < 0.0001). Renal
masses ‡4 cm were significantly more likely to be asso-
ciated with a ‡5 mm intra-reader discrepancy compared
to renal masses <4 cm (p £ 0.0001, OR 5.3 [95% confi-
dence interval (CI) 2.6–10.5]).

Renal mass margins. Intra-reader NP to NP measure-
ment discrepancies ‡5 mm were observed more fre-
quently for poorly defined than for well-defined renal
masses (15.9% [22/138] vs. 3.4% [15/444], respectively,
p < 0.0001; odds ratio [OR] 5.4 [95% CI 2.7–10.8])
(Fig. 3). Masses <4 cm in diameter were less likely to be
poorly defined than those ‡4 cm (13/73 [18%] vs. 10/24
[42%], respectively) (p = 0.017).

Renal mass heterogeneity. Heterogeneous renal masses
resulted in more NP to NP intra-reader measurement
discrepancies of ‡5 mm than did homogeneous masses.
For example, the ‡5 mm discrepancy rate was 0.6% (1/
156) for homogeneous masses, 5.0% (14/282) for mildly
heterogeneous masses, and 15.3% (22/144) for very het-
erogeneous masses (overall p < 0.0001). Compared to
homogeneous renal masses, mildly heterogeneous and
very heterogeneous masses were significantly more likely
to result in a ‡5 mm discrepancy (overall p < 0.0001;
OR 8.1 [95% CI 1.05–62] and OR 28 [95% CI 3.7–210],
respectively) (Fig. 4). There was no significant difference
in the percentage of masses <4 cm in diameter that were
either mildly or markedly heterogeneous in comparison
to masses ‡4 cm (51/73 [70%] vs. 20/24 [83%], respec-

tively) (p = 0.20). In comparison, renal masses <4 cm
were less likely to be markedly heterogeneous than
masses measuring ‡4 cm (14/73 [19%] vs. 10/24 [42%],
respectively) (p = 0.026).

Renal mass location. Intra-reader NP to NP renal mass
measurement discrepancies of ‡5 mm occurred signifi-
cantly more frequently for polar masses than for masses
located at least partially between the polar lines (8.9%

[30/336] vs. 2.8% [7/246], respectively, p < 0.005, OR 3.3
[95% CI 1.4–7.8]).

Renal mass growth pattern. Intra-reader NP to NP renal
mass measurement discrepancies of ‡5 mm were more
frequent for exophytic than endophytic masses (8.1%

[19/234] vs. 5.2% [18/348]), but this difference was not
significant (p = 0.15).

Impact of multiple predictors on rate of measurement
discrepancy. Using multivariate logistic regression, inde-
pendent predictors of a ‡5 mm discrepancy included
mass margins (p = 0.0009, OR 3.5 [95% CI 1.6–7.4]),
mass heterogeneity (p = 0.0012, minimal heterogeneity
OR 4.3 [95% CI 0.5–35], marked heterogeneity OR 13.7
[95% CI 1.7–107]), and mass size ‡4.0 cm
(p = 0.0030,OR 3.0 [95% CI 1.4–6.4]). Renal mass
location was not a significant independent predictor of
discrepancy after adjusting for these other factors
(p = 0.28).

Impact of renal mass characteristics on CMP to
CMP measurement discrepancy rates

Unlike for NP images, specific renal mass characteristics
were not independent predictors of ‡5 mm intra-reader
discrepancies for CMP to CMP comparisons. The
‡5 mm discrepancy rates for the six different readers
were similar for all renal mass size groups, ranging from
12.0% (6/50) to 16.2% (16/99) (Fig. 1; p = 0.89). Thus,
unlike NP to NP comparisons, the likelihood of a ‡5 mm
discrepancy for CMP to CMP comparisons was the same
for renal masses <2.0 cm as for renal masses ‡4.0 cm.
Similarly, there was no significant effect of renal mass
margins, renal mass location, renal mass growth pattern,

Table 1. Intra-reader measurement discrepancy rate (‡5 mm) for solid renal masses in the nephrographic and corticomedullary phases

Reader NP vs. NP 97 masses CMP vs. CMP 50 masses NP vs. CMP 50 masses

1 6% n = 6 22% n = 11 26% n = 13
2 2% n = 2 10% n = 5 20% n = 10
3 9% n = 9 14% n = 7 32% n = 16
4 7% n = 7 8% n = 4a 20% n = 10a

5 3% n = 3 18% n = 9 26% n = 13
6 10% n = 10 12% n = 6 30% n = 15
Total comparisons 6% n = 37/582 14% = 42/299 26% n = 77/299

a This reader could not identify one of the masses during one of the review sessions, resulting in only 49 rather than 50 comparisons
NP Nephrographic phase images, CMP corticomedullary phase images, n number of cases in which there was a ‡5 mm discrepancy
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or renal mass heterogeneity (all p values >0.10; Table 2)
on CMP to CMP discrepancy rates.

Impact of renal mass characteristics on CMP
to NP measurement discrepancy rates

Intra-reader discrepancy rates were highest when com-
parisons were made between CMP and NP measure-
ments, ranging from 21% (17/81) to 29% (17/59)
depending on renal mass size (Fig. 1). The CMP to NP
discrepancy rates were not affected by renal mass size
(p = 0.70). As with the NP to NP comparisons, renal
mass margin was an important predictor of intra-reader
‡5 mm discrepancies (poorly defined: 45% [27/60] vs.
well-defined: 21% [50/239], p < 0.0001; Table 2). Renal
mass heterogeneity was also a predictor of intra-reader
‡5 mm discrepancies (homogeneous: 18% [18/101] vs.
minimally heterogeneous 32% [44/138] vs. very hetero-
geneous 25% [15/60], p < 0.05). Renal mass location
was not an independent predictor of measurement dis-
crepancies (p = 0.16), but an exophytic growth pattern
was (exophytic: 19% [28/150] vs. 33% [49/149] endo-
phytic, p < 0.005).

Intra-reader discrepancy rates for different
discrepancy thresholds

Intra-reader measurement differences exceeding different
thresholds are summarized in Table 3. Repeat size mea-
surements by the same reader were concordant at least
95% of the time when the threshold for discordance was
increased to ‡6 mm for NP vs. NP, ‡9 mm for CMP vs.
CMP, and ‡13 mm for NP vs. CMP comparisons.

Discussion

The clinical management of small incidentally detected
solid renal masses has trended toward increasing use of
active surveillance [5, 7–9, 11, 17]. This is because, many
small renal neoplasms, even those that are malignant, do
not produce significant morbidity or mortality. Some
renal masses that meet histologic criteria for malignancy
have an indolent growth pattern, while others arise in the
setting of severe comorbidities that may be better pre-
dictors than the renal mass of the patient’s eventual
clinical outcome [4].

In recently published series assessing the role of active
surveillance of renal masses, detection of a rapid growth
rate has been shown to be a strong indicator that a pa-
tient will need subsequent treatment [6, 7, 9, 17]. For
example, in one study that included 470 observed renal
masses, all seven renal masses that eventually metasta-
sized grew more rapidly prior to the appearance of the
metastatic foci in comparison to the renal masses that did

Fig. 1. ‡5 mm measurement discrepancy on corticomedul-
lary phase to corticomedullary phase comparisons. A Neph-
rographic phase image in a 56-year-old man demonstrates a
solid mass measured by the reviewers as being between 2.4
and 3.5 cm in maximal diameter. The greatest measurement
discrepancy was 4 mm (by one reviewer). B On corticome-
dullary phase images obtained for the same CT, the mass is
difficult to differentiate from the hypoenhancing renal medulla,
which likely explains why four reviewers made measurements
that disagreed with one another by ‡5 mm.
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not metastasize [18]. Since early detection of rapid
growth within a renal mass is important, measurement
accuracy on follow-up imaging studies has become
increasingly utilized [7]. In order to best determine
whether a measured increase in renal mass size indicates
true renal mass growth, some quantification of intra-
observer and inter-observer variation of renal mass
measurement on CT is essential.

Intra-observer and inter-observer variation in CT
lesion diameter measurements has been evaluated in the
past, in a variety of non-genitourinary tract masses,
including the liver [19] and abdominal aorta [20–23]. In
these studies, intra-observer and inter-observer variation
has been small. In two series, maximal diameter mea-
surements of aortic aneurysms differed by 2 mm or less
in 90% or more of patients [20, 21]. In another series, of
25 measured abdominal aortic aneurysms [22], the mean
inter-observer measurement difference for a standardized
well-defined approach was 2.8 mm; however, when an
explicit description on how the aneurysm should be
measured was not provided, the mean average mea-
surement difference increased to 4.0 mm. CT measure-
ments have also been observed to be less reproducible in
masses that have irregular shapes or that are poorly
defined [24].

Only a few studies have assessed consistency of renal
mass measurements on CT [13, 14]. In a series of 16 renal
tumors, Tann et al. [13] found that there was good intra-

observer and inter-observer agreement for renal tumor
volume measurements, although there were considerable
differences between the CT and specimen volume mea-
surements. In a study of 29 renal masses in 21 patients
assessed by three radiologists, Punnen et al. [14] observed
an intra-observer variation in maximal diameter mea-
surement of the same renal mass of 2.3 mm and an inter-
observer variation of 3.1 mm. These variations in renal
mass measurement are similar to those observed in the
aorta [20–22].

Given the known 2 mm intra-observer and 3 mm
inter-observer variation that exists for CT diameter
measurements, a larger change in renal mass diameter,
such as an increase in 4 or 5 mm, is needed to identify a
true change in a lesion’s size. A 5 mm increase in diam-
eter represents a considerable increase in volume of a
small renal mass. For example, a 5 mm increase in size of
a 1.0 cm spherical renal mass indicates more than a tri-
pling of the renal mass volume. It has been recommended
that a 5 mm change over a year be used as a threshold
value to trigger the transfer of patients from active sur-
veillance to treatment with partial nephrectomy or
ablation [16]. Our study was designed to evaluate the
frequency of intra-observer measurement variation of
solid renal masses using this potentially clinically rele-
vant threshold.

We assessed the frequency with which a change in
renal mass dimension of >5 mm might be erroneously

Fig. 2. Percentage of ‡5 mm intra-reader discrepancies in
size measurements in four different size groups; for 97 NP vs.
NP comparisons (blue), 50 CMP vs. CMP comparisons (red),
and 50 NP vs. CMP comparisons (green) for all six reviewers.
For NP vs. NP comparisons, discrepancy rates were highest for
masses ‡4 cm. For CMP vs. CMP and NP vs. CMP compari-

sons, there was no relationship between renal mass size and
‡5 mm discrepancy rate. Comparisons using any CMP images
were more likely to vary by ‡5 mm than comparisons using only
NP images (p = 0.031). Discrepancy rates were highest for NP
vs. CMP comparisons.
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identified under very strict conditions (in which the spe-
cific image on which the measurement is to be made is
provided). We chose this methodology in order to
determine the minimal discrepancy rate that could be
obtained under the most ideal circumstances. Using this
approach, the principal finding in our study, which
included six different experienced readers, is that renal
masses <4 cm in maximal diameter could be measured
reliably on NP images with <5 mm variance the vast
majority of time, although ‡5 mm measurement dis-
crepancies were more common when certain renal mass
characteristics were present (poorly defined margins,
heterogeneity, and polar location). Utilization of CMP
images was much more problematic and resulted in
higher ‡5 mm discrepancy rates, with the greatest dis-
crepancy rates occurring when NP images were com-
pared to CMP images. Our study indicates that when a
radiologist compares a NP CT measurement to a CMP
measurement, he or she should expect that a measure-
ment difference of ‡5 mm can be encountered about 25%

of the time, even when a mass has not truly changed in
size.

For NP to NP comparisons, we noted that ‡5 mm
measurement discrepancies were more common in larger

masses. The reasons for this finding are uncertain;
however, it is possible that there were greater variations
in the axes selected for measuring the larger renal masses.
Additionally, a significantly higher percentage of masses
‡4 cm in diameter were markedly heterogeneous and
poorly defined, differences that are likely at least par-
tially responsible for the greater inconsistency in the
measurements of these lesions.

Our observations that renal mass measurements
comparing CMP with either NP or CMP images are
prone to greater intrareader variability in contrast to NP
to NP comparisons is not surprising. It has been shown
that renal masses are best detected and characterized
when NP or excretory phase images are used (rather than
CMP images) [25, 26]. This is because, on CMP images,
it can be difficult to distinguish between hypervascular
components of renal tumors and relatively hyperen-
hancing normal renal cortex, as well as between poorly
enhancing cystic or necrotic components of renal tumors
and hypoenhancing normal renal medulla. On NP and
excretory phase images, normal renal parenchyma is
homogeneous. Renal neoplasms are often more easily
identified and localized, and probably more easily mea-
sured, on these more delayed images.

In a study of 40 solid renal masses, Rosencrantz and
colleagues assessed the accuracy of renal mass measure-
ments in detecting growth [15]. The authors of this study

Fig. 3. <5 mm measurement discrepancy on nephro-
graphic phase to nephrographic phase comparisons. Neph-
rographic phase image in a 49-year-old woman demonstrates
a well-defined homogeneous solid renal mass that was
measured by the reviewers as being between 3.7 and 4.1 cm
in maximal diameter. There were no measurement discrep-
ancies of more than 2 mm for any of the six reviewers.

Fig. 4. ‡5 mm measurement discrepancy on NP to
NP comparisons. NP image in a 55-year-old man demon-
strates a very heterogeneous solid renal mass that was
measured by the reviewers as being between 4.0 and 6.0 cm
in maximal diameter. Three reviewers had ‡5 mm measure-
ment discrepancies that were likely related to lesion hetero-
geneity.
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used a summation of areas technique to create a refer-
ence standard to determine whether a renal mass had
enlarged on serial CT scans. The authors showed that
two-dimensional and three-dimensional measurements
were more accurate than a subjective impression or a
one-dimensional measurement, with good inter-reader
measurement agreement [15]. Differences between this
study and ours should be emphasized. Our study was
designed to assess variability in repetitive renal mass
measurements in the absence of growth rather than to
determine the ability of such measurements to detect
growth when it is present. In contrast, Rosencrantz et al
did not attempt to determine error rates in the absence of
renal mass growth.

Use of different measurement thresholds will affect
the frequency with which size differences will be spuri-
ously detected in stable renal masses. The choice of a
5 mm threshold difference to indicate true growth,
although reasonable given the known mean variations of
2 mm for intra-observer and 3 mm for inter-observer
measurements, is arbitrary. In fact, our analysis shows
that if the goal is to use a threshold for which masses
would be correctly identified as being stable more than
95% of the time, measurement thresholds would have to
be raised from 5 mm to: 6 mm (NP vs. NP), 9 mm (CMP
vs. CMP), and 13 mm (NP vs. CMP). Smaller thresholds
could be used if greater discrepancy rates can be toler-
ated. So, for example, if it is acceptable to exceed a
threshold for stable renal masses no more than 10%

rather than no more than 5% of the time, NP vs. NP,
CMP vs. CMP, and NP vs. CMP thresholds can be
lowered to 5, 6, and 9 mm, respectively.

Although many urologists are now making decisions
about renal mass management based upon lesion size or
growth rates, it is possible that other changes in renal
mass morphology (such as increases in heterogeneity or
more poorly defined margins) will be identified that can
also be used to suggest that a lesion under active sur-
veillance may need to undergo treatment. More research
in this area is needed.

Our study has several important limitations. We
restricted our reader analysis to only one image per mass,
which likely reduced measurement variability. Inter-
preting radiologists would otherwise have been required
to select a representative image from a complete CT and
different radiologists might have chosen different images
on which to make their comparison measurements. We
also chose to focus on intra-observer rather than inter-
observer measurement variability. This is because, our
methodology was utilized in order to determine the
absolute minimum variability that might be expected
under the most ideal circumstances. In clinical practice,
the encountered variability would likely be larger. Our
study is also limited by our reliance upon absolute
measurement differences of 5 mm or more between two
studies for most of our analyses. A measurementT
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reduction of 5 mm would also be considered to be a
significant outlier. In clinical practice, such a change
would not be interpreted as indicating renal mass
growth. We chose this technique merely to determine
what the variability in renal mass measurement is
between two repeated measurements.

In addition, our study included renal masses imaged
axially using a variety of CT techniques with many of the
included studies having been performed at outside insti-
tutions, with image thicknesses varying as a result from
0.625 to 5.0 mm. This also likely led to some variation in
the volume and concentration of contrast material
administered, and to some differences in reconstruction
technique. Although measurement variations might dif-
fer when CT scans of differing techniques are utilized, we
believe that this was likely not a substantial factor
affecting measurement differences in our study, since
images were only chosen on which the renal mass could
be clearly depicted and each image was utilized for each
of two different measurements with image thickness
obviously being the same for both measurements. Still, it
is possible that discrepancy rates could vary for images of
different thickness. Also, it is possible that discrepancies
in the measurements of polar renal masses might have
been reduced had coronal or sagittal reconstructed
images been available for use. Also, while CMP images
were matched to NP images as much as possible, these
two different images were obtained at different times. As
a result, additional variation may have been introduced
for the NP to CMP comparisons, perhaps at least partly
explaining why discrepancy rates were highest when NP
images were compared to CMP images.

Finally, as previously stated, our study did not assess
the ability of readers to detect renal mass growth reliably,
which is the most important feature of serial renal mass
measurement. Of course, it is difficult, and perhaps even
impossible, to determine whether any renal mass has
truly grown over a short interval. This is why Tann et al.
and Rosenkrantz et al. [13, 15] have relied upon volu-

metric measurements as a gold standard, though these
measurements, too, can contain errors.

In summary, solid renal mass size measurement is less
prone to error when NP images are used rather than
CMP images, but NP measurement variation also
increases for larger, more poorly marginated, and het-
erogeneous masses. In particular, for NP images, an
erroneously detected change in size of ‡5 mm occurs
uncommonly (3%) in a <4 cm solid renal mass but
increases for masses ‡4 cm (17%); or for masses that are
poorly defined (16%) or mildly (5%) or very (15%) het-
erogeneous. Unneeded intervention/treatment might
therefore be performed in up to one in six patients with
masses possessing these imaging characteristics. For this
reason, larger size thresholds could and likely should be
employed as an indicator for intervention when these
characteristics are present on NP images or when CMP
images are utilized. Alternatively, if a 5 mm threshold is
still to be utilized even for problematic renal lesions,
additional assessment could be considered prior to
definitive therapy (such as with mass measurement by
another reader, MRI, a third short-interval follow-up
CT, or repeat renal mass biopsy). Additional work will
be required to assess the validity of any of these other
approaches.
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