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Abstract
Objectives To assess qualitative and quantitative chemical
shift MRI parameters of renal cortical tumours.
Methods A total of 251 consecutive patients underwent 1.5-
T MRI before nephrectomy. Two readers (R1, R2) indepen-
dently evaluated all tumours visually for a decrease in signal
intensity (SI) on opposed- compared with in-phase chemical
shift images. In addition, SI was measured on in- and
opposed-phase images (SIIP, SIOP) and the chemical shift
index was calculated as a measure of percentage SI change.
Histopathology served as the standard of reference.
Results A visual decrease in SI was identified significantly
more often in clear cell renal cell carcinoma (RCCs)
(R1, 73%; R2, 64%) and angiomyolipomas (both, 80%) than
in oncocytomas (29 %, 12 %), papillary (29 %, 17 %) and
chromophobe RCCs (13 %, 9 %; all, P<0.05). Median chem-
ical shift index was significantly greater in clear cell RCC and
angiomyolipoma than in the other histological subtypes (both,
P<0.001). Interobserver agreement was fair for visual (kappa,
0.4) and excellent for quantitative analysis (concordance cor-
relation coefficient, 0.80).
Conclusions A decrease in SI on opposed-phase chemical
shift images is not an identifying feature of clear cell RCCs
or angiomyolipomas, but can also be observed in oncocyto-
mas, papillary and chromophobe RCCs. After excluding
angiomyolipomas, a decrease in SI of more than 25 % was
diagnostic for clear cell RCCs.

Key Points
• Chemical shift MRI offers new information about fat
within renal tumours.

• Opposed-phase signal decrease can be observed in all
renal cortical tumours.

• A greater than 25 % decrease in signal appears to be
diagnostic for clear cell RCCs

Keywords Magnetic resonance imaging . Oncocytoma .

Angiomyolipoma . Chemical shift imaging . Renal cell
carcinoma

Introduction

Originally, evidence of fat within a renal cortical tumour on
magnetic resonance imaging (MRI) was considered a
unique, identifying feature of angiomyolipoma [1, 2]. How-
ever, further research soon revealed that renal cell carcino-
mas (RCCs) may also contain fat owing to lipid-producing
tumour necrosis, bone metaplasia with fatty marrow ele-
ments, or entrapment of perinephric or renal sinus fat [3,
4]. Moreover—in addition to macroscopic fat—clear cell
RCCs frequently contain varying amounts of intracellular
lipid and glycogen [5–7], which can be visualized using
chemical shift MRI [8, 9]. In chemical shift MRI, a decrease
in signal intensity (SI) on opposed-phase gradient-echo
images is a function of the ratio of lipid content to the total
amount of tissue in each voxel. This produces effects in
interfaces between fatty and watery tissue within each
voxel, and in diffusely distributed fatty components in the
corresponding voxels [10, 11]. In 1997, Outwater et al. [8]
reported that clear cell RCCs may exhibit such a decrease in
SI on opposed-phase when compared with in-phase chemi-
cal shift MR images and related this observation to the
presence of intracellular lipid. In 1999, Yoshimitsu et al.
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[9] established a direct correlation between the histochemi-
cal proof of intracellular lipid and glycogen and a decrease
in SI on opposed-phase compared with in-phase chemical
shift MR images.

In 2010, Reuter and Tickoo [6] published a detailed
report on the histopathological heterogeneity of renal corti-
cal tumours and concluded that not all clear cell RCCs
contain a preponderance of clear cells and that other renal
cortical tumours may exhibit clear cell cytology as well.
Therefore, our hypothesis was that—because of the his-
topathological heterogeneity of renal cortical tumours—a
decrease in SI on opposed-phase chemical shift MR
images might be encountered not only in clear cell RCCs
and angiomyolipomas, but also in other benign and
malignant renal cortical tumours. The objective of this
study was to retrospectively investigate qualitative and quan-
titative chemical shift MR imaging parameters of clear cell,
papillary and chromophobe RCC as well as angiomyolipomas
and oncocytomas.

Materials and methods

Patients

The institutional review board approved this retrospective
study and waived the informed consent requirement.

The inclusion criteria for this study were (i) total or
partial nephrectomy between January 2005 and December
2010, performed at our institution; (ii) preoperative 1.5-T
MRI of the abdomen, performed within the 90 days before
surgery, and including transverse, chemical shift imaging
sequences (in- and opposed-phase) as well as T1- and T2-
weighted sequences available in DICOM format through
our institution’s PACS; (iii) histopathology reports confirm-
ing the diagnosis of clear cell RCC, chromophobe RCC,
papillary RCC, oncocytoma or angiomyolipoma, as well as
establishing the Fuhrman nuclear grade in the case of clear
cell RCC. Finally, a total of 251 patients were eligible for
study inclusion. The patients’ demographic and tumour
characteristics are summarised in Table 1.

Data acquisition

All MR imaging studies were performed on commercially
available 1.5-T units (GE Medical Systems, Milwaukee, WI,
USA [n=214]; Siemens Medical Solutions, Forchheim,
Germany [n=34]; Philips Medical, Eindhoven, the Nether-
lands [n=2] and Toshiba Medical Systems Corp., Tokyo,
Japan [n=3]). All MR imaging protocols included a transverse
T1-weighted 2D dual-echo in-phase and opposed-phase se-
quence (repetition time/echo time, 102–375 ms/3.9–6.7 ms,
102–375 ms/1.8–4.7 ms; field of view, 36–44 cm; section

thickness, 7–8 mm; intersection gap, 1 mm; and matrix,
256×128). Median time span between the date of MRI and
the date of surgery was 38 days (range, 1–90 days).

Data analysis

Blinded to histopathological information, two readers (O.D.
and I.B.) independently performed all image analysis using
commercially available DICOM post-processing software
(Advantage WorkStation, GE). For tumour identification,
both readers were allowed to review standard T1- and T2-
weighted images. During image analysis, the corresponding
in- and opposed-phase images were displayed simultaneous-
ly on the screens of the workstation. If a region of interest
(ROI) was placed on an opposed-phase image in order to
measure the SI, a cross-referencing tool automatically gen-
erated a matching ROI of the same size and same location
on the corresponding in-phase image. Thus, signal intensi-
ties on in- and opposed-phase images were measured at the
exact same tumour location. For each reader, image analysis
involved the following sequence of steps. First, each tumour

Table 1 Patient and tumour characteristics

Gender Male 66.1 % (166/251)

Female 33.9 % (85/251)

BMI Median BMI (range) 28.4 (14.3–59.1)

Patient age Median age (range),
in years

59.0 (17–84)

Tumour typea Clear cell RCC 70.7 % (179/253)

Chromophobe RCC 9.1 % (23/253)

Papillary RCC 9.5 (24/253)

Oncocytoma 6.7 % (17/253)

Angiomyolipoma 4 % (10/253)

Tumour sizea Median tumour size
(range), in cm

4.5 (1–23)

Tumour side Right 53 % (134/253)

Left 47 % (119/253)

Tumour stagea pT1a 39.1 % (95/243)

pT1b 15.2 % (37/243)

pT2a 4.1 % (10/243)

pT2b 4.9 % (12/243)

pT3a 12.8 % (31/243)

pT3b 23.1 % (56/243)

pT4 0.8 % (2/243)

Fuhrman nuclear gradeb 1 2.8 % (5/179)

2 44.2 % (79/179)

3 37.9 % (68/179)

4 15.1 % (27/179)

a Histopathological data; tumour stage according to 6th edition of the
American Joint Committee on Cancer (AJCC) cancer staging manual
(available for all tumour types except angiomyolipoma)
b For clear cell RCCs only
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was visually assessed on opposed-phase images for the
presence of an area exhibiting a decrease in SI compared
with the corresponding in-phase image. Then, if an area
of SI decrease was identified, SI was measured within
this area on in- and opposed-phase images. In addition to
areas exhibiting a decrease in SI, both readers assessed
each tumour for the presence of an area exhibiting an
increase in SI on opposed-phase compared with the
corresponding in-phase images. Then, if an area of SI
increase was identified, SI was measured within this area
on in- and opposed-phase images. If neither an area of
increased nor an area of decreased SI could be identified,
the result of the qualitative analysis was reported as “no
change in SI”.

Statistical analysis

Continuous variables were expressed as medians and ranges,
categorical variables as percentages and frequencies. All sta-
tistical analyses were performed using commercially available
software (SPSS 19, IBM Corporation, Armonk, NY, USA;
and SAS 9.2, SAS Institute, Cary, NC, USA). All tests were
two-sided and a P value less than 0.05 was considered to
indicate statistical significance. The standard of reference
was surgical histopathology in all patients.

Serving as a measure of percentage difference in SI be-
tween in- and opposed phase images, the chemical shift index
[12–14] was calculated: SIOP � SIIP

� �
=SIIP

� �� 100%
Interobserver agreement regarding qualitative assessment

was calculated using Cohen’s kappa and interpreted as fol-
lows: less than 0.20, poor agreement; 0.20–0.40, fair agree-
ment; 0.40–0.60, moderate agreement; 0.60–0.80, strong
agreement; and 0.80–1.00, excellent agreement [15]. Fisher’s
exact test was used to examine whether qualitative chemical
shift parameters (i.e. the presence of areas of decreasing or
increasing SI) were distributed differently between different
tumour types, separately for each reader.

Interobserver agreement regarding continuous variables
(i.e. SI measurements) was calculated using the concordance
correlation coefficient (ρc). The Kruskal–Wallis test and
Wilcoxon rank-sum test were used to compare chemical
shift index values between the different tumour types and
between Fuhrman grades of clear cell RCC. The P values
were adjusted using the Bonferroni method, separately for
each reader.

Results

Histopathology

In 251 patients, histopathology identified 253 tumours
(Table 1).

Interobserver agreement

Interobserver agreement for qualitative analysis of SI change
between in- and opposed-phase images was fair (κ=0.40;
95%CI, 0.32–0.69). Both readers concurred in the qualitative
assessment in 64 % of tumours (162/253) and disagreed in
36 % (91/253).

Interobserver agreement for quantitative analysis of SI
change between in- and opposed-phase images was excel-
lent (ρc=0.80; 95 % CI, 0.75–0.86).

Qualitative results

Both readers detected areas of decreased SI on opposed-phase
images significantly more often within clear cell RCCs and
angiomyolipomas than within chromophobe RCCs, papillary
RCCs or oncocytomas (R1,P<0001; R2, P=0.017; Table 2;
Figs. 1, 2 and 3).

Both readers detected areas of increased SI on opposed-
phase images significantly more often within papillary
RCCs, chromophobe RCCs and oncocytomas than within
clear cell RCCs and angiomyolipomas (both readers, P<
0.001; Table 2; Figs. 1, 2 and 3).

Quantitative results

Mean chemical shift index was significantly greater in clear
cell RCCs than in all other histological tumour types (both
readers, P<0.001; Fig. 4) except angiomyolipomas (R1, P=
1.0; R2, P=0.195; Table 2). Mean chemical shift index did
not differ significantly among Fuhrman grades of clear cell
RCC (R1, P=0.736; R2, P=0.418). Mean chemical shift
index was significantly greater in tumours for which read-
ers’ qualitative assessments agreed (both readers, P<0.001;
Table 3).

Discussion

The most important finding of this study was that areas of
decreased SI on opposed-phase compared with in-phase
chemical shift MR images were identified not only within
clear cell RCCs and angiomyolipomas, but also within
chromophobe RCCs, papillary RCCs and oncocytomas.
Therefore, areas of decreased SI on opposed-phase images
should not be considered a characteristic feature of clear
cell RCCs or angiomyolipomas. However, when the
change in SI between in- and opposed-phase was quanti-
fied, more than two thirds of clear cell RCCs exhibited a
marked decrease in SI of more than 25 %. Thus, clear cell
RCCs can be reliably differentiated from oncocytomas,
papillary RCCs and chromophobe RCCs by the extent of
SI decrease. Although angiomyolipomas displayed areas
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of decreased SI more often (i.e. in 80 % of tumours) and
more prominently (i.e. median chemical shift index >35 %)
than any other histological tumour type, they could be
correctly identified using typical MR imaging features
such as the presence of macroscopic fat. Thus, after all
angiomyolipomas were correctly identified, a decrease in

SI of more than 25 % was found to be diagnostic for clear
cell RCCs.

A second important finding of our study was that the
interreader agreement regarding the visual assessment of
SI change was fair (κ=0.4), yielding that some areas of
SI change were difficult to identify on opposed-phase

Fig. 1 Transverse in-phase (a TE, 4.2 ms) and opposed-phase (b TE,
1.8 ms) chemical shift 1.5-T MR images in a 56-year-old man with a
clear cell carcinoma illustrating a solid tumour component (dotted line)
that exhibits a decrease in signal intensity between the in-phase (a) and
opposed-phase (b) images

Fig. 2 Transverse in-phase (a TE, 4.2 ms) and opposed-phase (b TE,
2.0 ms) chemical shift 1.5-T MR images in a 51-year-old man with a
clear cell carcinoma illustrating peripheral areas (dotted line) of hyper-
intense signal intensity on the in-phase (a) image markedly decreasing
in signal intensity on the opposed-phase (b) image

Table 2 Summary of the results of the qualitative and quantitative analyses of signal intensity changes

Tumour type Reader SI decrease SI increase No change in SI

n CSI n CSI n

Clear cell RCC 1 73 % (130/179) 22.9 (1.5–70.5) 18 % (32/179) 4.8 (5.6–66.1) 9 % (17/179)

2 64 % (115/179) 22.2 (0.9–65.6) 8 % (14/179) 4.7 (11.5–40.3) 28 % (50/179)

Chromophobe RCC 1 13 % (3/23) 8.4 (5.2–10.3) 70 % (16/23) 3.4 (6.0–31.9) 17 % (4/23)

2 9 % (2/23) 6.1 (4.2–8.0) 30 % (7/23) 8.3 (3.4–16.3) 61 % (14/23)

Papillary RCC 1 29 % (7/24) 8.0 (4.5–20.4) 58 % (14/24) 7.3 (6.5–66.1) 13 % (3/24)

2 17 % (4/24) 11.6 (8.7–24.5) 46 % (11/24) 13.7 (0.6–60.3) 37 % (9/24)

Oncocytoma 1 29 % (5/17) 7.6 (2.7–15.0) 65 % (11/17) 1.5 (4.0–11.3) 6 % (1/17)

2 12 % (2/17) 11.3 (8.1–14.5) 59 % (10/17) 5.5 (1.8–18.0) 29 % (5/17)

Angiomyolipoma 1 80 % (8/10) 38.4 (5.3–81.1) 10 % (1/10) 9.0 10 % (1/10)

2 80 % (8/10) 45.6 (3.3–77.9) 10 % (1/10) 9.2 10 % (1/10)

CSI chemical shift index
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images, as previously suggested [8]. However, the chemical
shift index was greater in cases both readers agreed upon.
Thus, the greater the decrease in SI on opposed-phase images,
the easier it was to identify visually. Once identified, the
measurement of SI on in- and opposed-phase images yielded
good interreader agreement (ρc=0.8).

Outwater et al. [8], who were the first to describe the
use of chemical shift MR imaging for the identification
of intracellular lipid and glycogen within clear cell RCC
cells, suggested that the presence of tumour areas exhib-
iting a decrease in SI on opposed-phase images was an
identifying characteristic of angiomyolipomas and clear
cell RCCs. Compared with their study, which included
27 clear cell RCCs, 3 oncocytomas and 1 angiomyoli-
poma along with a small number of other histological
tumour types, we assessed a considerably larger number
of tumours (n=253) and, more importantly, non-clear cell
tumour types. Outwater et al. [8] reported one case of a

clear cell RCC that exhibited an area of increased SI on
opposed-phase images and suggested that this might have
been be due to susceptibility caused by haemosiderin
within intratumoural haemorrhage. In another study,
Yoshimitsu et al. [16] observed that the presence of areas
exhibiting an increased SI on opposed-phase images
might be helpful in the identification of haemosiderin
within papillary RCC. In our study, areas of increased
SI on opposed-phase images were most common in pap-
illary RCCs (>45 %), chromophobe RCCs (>30 %) and
oncocytomas (>50 %), but were also identified in clear
cell RCCs (<20 %) and angiomyolipomas (10 %). There-
fore our results suggest that the presence of areas exhib-
iting an increase in SI on opposed-phase images should
not be misinterpreted as an identifying characteristic of
any histological type of renal cortical tumour investigated
in this study.

Histopathology studies have shown that higher-grade
clear cell RCCs (i.e. Fuhrman grades III and IV) contain
less intracellular fat and lipid but larger areas of necrosis
and intratumoural haemorrhage than do those of lower
Fuhrman grades [6]. However, this finding was not
reflected in our results, as chemical shift MR imaging
findings did not differ significantly between low- and
high-grade clear cell RCCs.

Our study has limitations. First, we retrospectively in-
cluded chemical shift MRI studies acquired at 1.5 T only.
Given that chemical shift MRI yields different data at
higher field strengths [17], our results may not be directly
applicable to examinations performed at other field
strengths. In addition, the MRI studies included in this
study were acquired using MRI machines from different ven-
dors. However, the acquisition parameters of the chemical
shift sequence were comparable. Second, the histopa-
thology data that served as the standard of reference
was derived from the institution’s patient management
system. The histopathology specimens were not re-analysed
by a pathologist, which could have provided answers to
additional questions such as the one oncocytoma that
exhibited SI on opposed-phase images or the presence or
absence of intratumoural haemorrhage. Moreover, an exact
match-up between the focal areas of signal change within a
tumour on imaging and the corresponding area on histopa-
thology was not possible.

In conclusion, a decrease in SI on opposed-phase
compared with in-phase chemical shift MR images is
not a specific finding in clear cell RCCs and angiomyo-
lipomas, but can be observed in oncocytomas, papillary
RCCs and chromophobe RCCs. However, considering
the fact that angiomyolipomas can be identified using
characteristic MR imaging features, a decrease in SI of
more than 25 % can be considered diagnostic of clear
cell RCCs.

Fig. 3 Transverse in-phase (a TE, 4.2 ms) and opposed-phase (b TE,
2.0 ms) chemical shift 1.5-T MR images in a 71-year-old woman with
clear cell carcinoma illustrating an increase in signal intensity from the
in-phase (a) to the opposed-phase (b) image (dotted line)
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Fig. 4 Box and whisker plots
(including 5th and 95th
percentiles) demonstrating the
change in signal intensity
between in-phase and opposed-
phase chemical shift MR
images for all tumour types.
The changes in signal intensity
presented are the mean values
of both readers

Table 3 Chemical shift index per reader regarding concurrent and non-concurrent qualitative assessment

Both readers identified One reader identified Neither reader identified Pb

SI decrease SI decrease SI decrease
n=116 n=15 n=33

CSI (reader 1) −24.5 (−81.1 to −3.4) −7.8 (−46.6 to 24.3) 4.4 (−6.0 to 66.1) <0.001

CSI (reader 2) −23.0 (−77.9 to 0.9) −8.4 (−29.8 to 35.0) 8.8 (−0.6 to 60.3) <0.001

Tumour sizea 4.8 (1.0 to 19.3) 3.5 (1.3 to 17.5) 5.0 (1.1 to 23.0) 0.514

CSI chemical shift index
aMedian tumour size in cm (range) as measured at histopathology
b Significance of the difference in median CSI between tumours for which readers’ qualitative assessments agreed and tumours for which readers’
qualitative assessments disagreed
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