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Abstract: We discussed the utility of intravoxel incoherent motion diffusion-weighted imaging (IVIM-DWI) for dis-
criminating clear cell renal cell carcinoma (ccRCC) from angiomyolipoma (AML). Preoperative IVIM-DWI parameter
(ADC,D, D and f) values were compared between the ccRCC (n = 37) and AML (n = 28) groups. AML exhibited sig-
nificantly lower ADC ([1.35+0.29] x 103 mm?/s vs [1.77 + 0.41] x 10° mm?/s) and D ([0.90+0.34] x 10° mm?/s vs
[1.36£0.31] x 10 mm?/s) values (all P<0.001), whereas obviously higher D* value ([18.06 + 7.49] x 10° mm?/s
vs [14.15+4.70] x 10° mm?/s) (P<0.05) than ccRCC. Optimal cut-off values (area under the curve, sensitivity
and specificity) for distinguishing ccRCC from AML were as follows: ADC = 1.54 x 10° mm?/s (0.804, 78.57% and
81.08%), D =0.83 x 10° mm?/s (0.850, 64.29% and 100.00%), and D* = 20.53 x 10° mm?/s (0.647, 32.14% and
100.00%). Both the diffusion- and perfusion-related IVIM-DWI parameters may be helpful in differentiating ccRCC

from AML.
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Introduction

Comprising 85%-90% of renal malignancies,
renal cell carcinoma (RCC) is the most common
primary malignant tumor of the kidney [1, 2].
Angiomyolipoma (AML), the most frequent
benign tumor of the kidney, accounts for 7%-9%
of renal tumors [2]. Accurately discriminating
the two types of neoplasms is essential for
determining an appropriate treatment and pre-
dicting the prognosis for patients with renal
tumor. Nowadays, imaging approaches such as
computed tomography (CT) and magnetic reso-
nance imaging (MRI) play important roles in
preoperatively identifying the pathological
nature of renal tumors. The differential diagno-
sis between AML and RCC is always not difficult
because AML usually exhibits significant fat on
plain CT and MRI. However, such differentiation
may be hard to make for AML with little or no
visible fat, especially for those in small size.
Although contrast-enhanced CT and MRI can

benefit such differentiation [3-6], they are asso-
ciated with some shortages including radiation
injury, allergic reactions to contrast agent, con-
trast-induced nephropathy (CIN) and/or nephro-
genic systemic fibrosis (NSF), which limits their
clinical applications.

Previous studies suggested that AML differs
significantly from RCC in the value of apparent
diffusion coefficient (ADC) derived from diffu-
sion-weighted MRI (DWI),a non-invasive MRI
technique able to quantitate the diffusion mo-
tion of water molecule in tissues [2, 7]. Ad-
ditionally, dynamic contrast-enhanced CT (DCE-
CT) and MRI (DCE-MRI) demonstrated obvious
differences in the microcirculation perfusion
between these two common renal tumors [3-5].
Recently, intravoxel incoherent motion DWI
(IVIM-DWI) has gained significantly increasing
attention because of its ability to simultane-
ously quantitate water molecular diffusion and
microcirculation perfusion in viable tissues,
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Table 1. Characteristics of patients and tumors

and they did not receive any prior anti-

tumor treatment. After surgery, the

Parameters AML (n =28) ccRCC (n=37) Pvalue ; .

Age (years) 50.14 + 11.01 54.22 +10.78 0.082 tumor specimen was reviewed by an
i experienced pathologist and the histo-

Long diameter (mm) 50.18 + 34.81 54.22 + 20.59 0.074 pathological type of the resected renal

Gender 0.413 tumors was subsequently determined.

Male 13 21
Female 15 16
Location

Right Kidney 12 22
Left Kidney 16 15

Of the 67 patients who were initially
enrolled, 2 were excluded because of

0.188 poor IVIM-DWI imaging quality. Thus, the

present study eventually included 28
cases of AML and 37 cases of ccRCC. All

AML, angiomyolipoma; ccRCC, clear cell renal cell carcinoma.

the AML and ccRCC belong to solitary
lesion. The characteristics of the pa-
tients and tumors are presented in Table

Table 2. Comparisons of the IVIM-DWI parametric values 1

(mean * standard deviation) between the AML and MRI protocols

ccRCC groups

Parameters AML (n = 28) ccRCC (n =37) Pvalue All MRI examinations were performed on
ADC (x 10® mm?/s) 1.35 +0.29 1.77 +0.41 a 1.5-Tesla MRI scanner (Optlma MR-
D(x10°mm?/s) 0904034 1.36+0.31 360, GE Healthcare, Waukesha, WI,

D* (x 10°*mm?/s) 18.06+7.49 14.15+4.70
f 0.40+0.11 0.38+0.16

USA) with a phased-array body coil. The
patients were trained to breathe deeply
prior to holding their breath, and their

IVIM-DWI, intravoxel incoherent motion diffusion-weighted imaging;
AML, angiomyolipoma; ccRCC, clear cell renal cell carcinoma; ADC,
apparent diffusion coefficient; D, pure diffusion coefficient; D*,

pseudo-diffusion coefficient; f, perfusion fraction.

without the administration of exogenous con-
trast agent. This new MRI approach is report-
edly helpful in tumor diagnosis, for example
characterizing benign and malignant pancreat-
ic masses [8], distinguishing non-metastatic
from metastatic lymph node in rectal carcino-
ma [9], and identifying pathological subtype of
renal cancer [10]. Nevertheless, the utility of
IVIM-DWI in the differential diagnosis between
AML and RCC has not been well understood.
Thus, the purpose of this study was to investi-
gate the diagnostic value of IVIM-DWI in distin-
guishing these two types of the most common
renal tumors.

Materials and methods
Patients and Histopathology

This single-center, retrospective study was con-
ducted in accordance with the declaration of
Helsinki and with approval from the Medical
Ethics Committee of our institution. Written
informed consent was obtained from all
patients. From December 2014 to March 2015,
67 patients with renal AML or clear cell RCC
(ccRCC) were collected. All patients underwent
pre-operative IVIM-DWI plus conventional MR,
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abdominal wall was secured in front of
the coil by using a bandage in order to
reduce motion artifacts during MRI data
acquisition.

The conventional MRI protocols included the
following sequences: 1) axial T1-weighted dual-
echo in-phase and out-of-phase sequence:
(number of slice 24, 205-ms time of repetition
[TR], 2.1/4.2-ms time of echo [TE], 4-mm slice
thickness, 1-mm slice space, field of view [FOV]
380 x 342 mm, acquisition matrix of 256 x
160, number of excitations [NEX] of 1) ; 2) axial
T2-weighted fast spin-echo (FSE) images with
fat suppression (number of slice 24, 6000-ms
TR, 86.4-ms TE, 4-mm slice thickness, 1-mm
slice space, FOV 380 x 342 mm, acquisition
matrix of 320 x 192, number NEX of 2); 3) axial
and coronal T1-weighted fast spoiled gradient
echo (FSPGR) contrast-enhanced images with
fat suppression (number of slice 24, 165-ms
TR, 2.3-ms TE, 4-mm slice thickness, 1-mm
slice space, FOV 400 x 400 mm, acquisition
matrix of 384 x 192, number NEX of 2). The
contrast agent gadodiamide (Omniscan®, GE
Healthcare) was administered intravenously at
a dose of 0.1 mmol/kg of body weight.

IVIM-DWI was performed before the administra-
tion of gadodiamide. Twelve b values (0, 20, 30,
50, 80, 100, 150, 200, 400, 600, 800 and
1000 s/mm?) were applied with a single-shot

Int J Clin Exp Med 2017;10(6):9306-9313
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DWI

Figure 1. Images in Row A and B are axial DWI (b=600 s/mm?2) and IVIM-DWI parametric maps of an AML and a
ccRCC, respectively. The ADC, D, D* and f values for AML were 1.21 x 10° mm?/s, 0.59 x 10° mm?/s, 18.80 x 10°%
mm?/s and 0.375, respectively. The ADC, D, D* and f values for ccRCC were 1.87 x 10° mm?/s, 1.35 x 10° mm?/s,
14.10 x 10°® mm?/s and 0.396, respectively. DWI, diffusion-weighted imaging; IVIM-DWI, intravoxel incoherent mo-
tion diffusion-weighted imaging; AML, angiomyolipoma; ccRCC, clear cell renal cell carcinoma; ADC, apparent diffu-
sion coefficient; D, pure diffusion coefficient; D*, pseudo-diffusion coefficient; f, perfusion fraction.

Table 3. Optimal cut-off IVIM-DWI parametric values for differentiating AML from ccRCC based on
receiver operating characteristic curve analysis

Parameters Cut-off value AUC (95% ClI) Sensitivity Specificity P value
ADC 1.54 x 10° mm?/s 0.804 (0.687-0.892) 78.57% 81.08% 0.2917
D 0.83 x 10° mm?/s 0.850 (0.740-0.927) 64.29% 100.00% 0.004°#
D* 20.53 x 10° mm?/s 0.647 (0.517-0.760) 32.14% 100.00% 0.072°

IVIM-DWI, intravoxel incoherent motion diffusion-weighted imaging; ccRCC, clear cell renal cell carcinoma; AML, angiomyoli-
poma; AUC, area under the curve; Cl, confidence interval; ADC, apparent diffusion coefficient; D, pure diffusion coefficient; D*,
pseudo-diffusion coefficient. a, ADC vs D; b, D vs D*; ¢, D* vs ADC; #significance after Bonferroni-correction (P<0.05/3).

diffusion-weighted spin-echo echo-planar se-
quence. The lookup table of gradient direction
was modified to allow multiple-b-value measure-
ments in one series. Parallel imaging was used
with an acceleration factor of 2. In total, 20 axial
slices covering the kidney region were obtained
with an FOV of 380 x 304 mm, 4-mm slice
thickness, 1-mm slice gap, 6000-ms TR, 81.7-
ms TE, matrix of 128 x 130, and NEX of 4.

IVIM-DWI analysis

All IVIM-DWI data were imported into the
Advantage Workstation with FuncTool software
(version AW 4.6, GE Healthcare) for post-pro-
cessing. The IVIM-DWI data were independent-
ly and double-blindly evaluated by two radiolo-
gists (L.Y. and Y.X., with 15 and 20 years of
experience in abdomen radiology, respectively).
The main principle and procedures of the IVIM-
DWI analysis were described previously [11,
12]. Briefly, according to the formula S /S, = (1
- ) exp(-b D) + f exp (-b D*), where S, is the
signal intensity with diffusion gradient b (b # O
s/mm?), S, is the signal intensity for the b value
of 0 s/mm?, D is the true diffusion coefficient

9308

indicating the pure diffusion of the water mole-
cule, D* is the pseudo-diffusion coefficient
demonstrating microcirculation perfusion, and
f is the microvascular volume fraction repre-
senting the fraction of diffusion related to
microcirculation perfusion. The ADC value was
generated from the formula S /S, = exp (-b D)
based on conventional DWI with the MRI data
at high b values (200, 400, 600, 800 and 1000
s/mm?3).

The regions of interest (ROIs) were manually
drawn in the tumor parenchyma. Six ROIs were
manually drawn by each observer for each
tumor on its DWI images (b=600 s/mm?) at
least 3 sections, using conventional axial T1-
weighted, T2-weighted and contrast-enhanced
images as references. Care was taken to avoid
the inclusion of visual cystic, necrotic, large
vessels, hemorrhage and fat areas. The ROls
were subsequently propagated to the IVIM-DWI
parametric maps for measuring the metric val-
ues. For each parameter, 12 numerical values
were generated totally by the two observers for
each lesion. The final value for each parameter
was designated as the mean value of the 12
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Figure 2. The diagnostic accuracy of ADC and D in differentiating angio-
myolipoma from clear cell renal cell carcinoma.
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Figure 3. The diagnostic accuracy of D* in differentiating angiomyoli-
poma from clear cell renal cell carcinoma.

203 mm?) for AML and 140.97 +
51.32 mm? (range, 35-234 mm2)
for ccRCC, respectively.

Statistical analysis

The IVIM-DWI parametric values
for the AML and ccRCC groups
were expressed as mean * stan-
dard deviation, and analyzed using
SPSS v19.0 (IBM Corporation,
Armonk, NY, USA) or MedCalc
v15.0 (MedCalc Software bvba,
Ostend, Belgium). P values less
than 0.05 were considered statisti-
cally significant. Non-parametric
Mann-Whitney U test was used to
compare the differences in the
IVIM-DWI metric values, lesion size
and age between these two
groups. Chi-squared test was per-
formed to test the differences in
the gender and tumor location
between the AML and ccRCC
groups. Receiver operating charac-
teristic (ROC) curves were generat-
ed for each parameter with statisti-
cally significant difference in order
to determine the optimal cut-off
value resulting in the best possible
diagnostic accuracy according to
the Youden Index.

Results

The IVIM-DWI parametric values
for the renal tumors are summa-
rized in Table 2. Figure 1 shows
representative images of AML and
ccRCC. AML exhibited significantly
lower ADC and D values (all P<
0.001), together with higher D*
value (P<0.05), than ccRCC. The
two types of renal tumors shared
similar f values (P = 0.070). In
identifying AML from ccRCC based
on ROC curve analysis, the area
under the curve (AUC) value for D
(0.850) was the highest, followed
by that for ADC, whereas D* had
the lowest AUC value (Table 3;
Figures 2 and 3).

Discussion
numerical values above. The average size of Accounting for about 70% of all RCC, ccRCC has
the ROIs was 77.21 + 42.84 mm? (range, 37- relatively more aggressive behavior and worse
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prognosis than non-ccRCC including papillary
and chromophobe subtypes [13]. In addition,
ccRCC and non-ccRCC always exhibit distinctly
different imaging appearances on diffusion-
and/or perfusion-related MRI approaches such
as IVIM-DWI and DCE-MRI [14-16]. This sug-
gests that there are obvious differences in tis-
sue features, including tumor vascularity and/
or cellularity/architecture, between ccRCC and
non-ccRCC. In view of the possibility that these
differences might negatively influence the diag-
nostic utility of IVIM-DWI in separating AML and
RCC, non-ccRCC was excluded from the pres-
ent study. Therefore, this study mainly focused
on the discrimination between the most com-
mon renal tumors (ccRCC and AML), and dem-
onstrated that both the diffusion- and perfu-
sion-related IVIM-DWI parameters benefit this
differential diagnosis.

According to the IVIM theory [17], both D* and
f are perfusion-related parameters. D* is pro-
portional to the average blood velocity and the
mean capillary segment length [17, 18]. Being
the ratio of the volume occupied by the MRI-
detectable water in the capillary networks [17,
18], f depends mainly on the microvessel
attenuation of tissues. In this study, AML exhib-
ited obviously higher D* value than ccRCC. This
finding might suggest that average blood veloc-
ity and/or capillary segment length in AML are
higher and/or larger than those in ccRCC. It is
usually considered that tumor vessels are tor-
tuous with irregular branches in a chaotic net-
work of tangles, and the higher the tumor
malignancy degree is, the more tortuous and
chaotic its vessels are. Compared with ccRCC,
the vessels in AML may be less tortuous and
chaotic, which means that AML has longer cap-
illary segment length and subsequently higher
blood velocity. This opinion could be partly sup-
ported by previous observations that AML
shows a significantly higher relative enhance-
ment in the arterial phase on multiphasic con-
trast-enhanced MRI [15, 16]. In line with a
recent report [10], AML did not differ signifi-
cantly from ccRCC in the f value in the present
study, which indicates that there may be not
distinct difference in the micro-vessel attenua-
tion between these two renal tumors. This find-
ing may be interpreted by a widely accepted
opinion that both AML and ccRCC are rich in
tumor vessels, which usually results in obvious
enhancement for both the two renal tumors on
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DCE-CT or DCE-MRI. Of note, the measurement
of the f value was found to be greatly depen-
dent on a variety of factors such as the T2
relaxation time of tissue, the TE time and the
number of b value for IVIM-DWI data acquisi-
tion [19, 20]. Considering that the difference in
the f value between AML and ccRCC in this
study almost approached statistical signifi-
cance, there may be a possibility that some
technical factors and tissue characteristics
may limit the efficacy of IVIM-DWI in detecting
the possible differences in microvessel attenu-
ation between these two tumors.

Based on the IVIM theory [17], D reflects the
pure diffusion (i.e., the Brownian motion) of
water molecule. Being a combination of D and
D*, ADC reflects the total diffusion of water
molecule and primarily depends on D when the
b value is higher than 200 s/mm?. Thus, ADC is
mainly a diffusion-related parameter at high b
value. Pathologically, AML is composed of
smooth muscle, fat-containing cells and thick-
walled blood vessels with characteristic bun-
dles of smooth muscle emanating from the ves-
sel walls. Compared with ccRCC, the relatively
lower ADC and D values for AML in the present
study can be explained by its rich components
of muscle and fat that restrict diffusion motion
of water molecule [21]. Another possible rea-
son for the relatively higher ADC and D values
for ccRCC may be the micronecrosis and/or
microcystic change possibly confirmed by pa-
thologic examination rather than on MRI imag-
es. Although visible necrosis and cystic change
were excluded from ROIs when we measured
the IVIM-DWI parametric values in this study, it
was almost impossible to avoid the inclusion of
these microscopical necrosis and cystic degen-
eration into ROIs. Generally speaking, necrosis
and cystic degeneration more easily occur in
ccRCC than in AML. In regard to the ADC value
for AML and ccRCC, our observations are in
agreement with several prior reports [22-25],
whereas inconsistent with some previous stud-
ies [2, 7, 26] in which AML had higher ADC value
than ccRCC. These inconsistent observations
suggest that the utility of ADC in discriminating
AML from ccRCC may be limited. It may depend
on the size of tumor, pathological components
of tumor (for example the variable proportion of
fat, smooth muscle and blood vessels in AML),
imaging protocols, methods for DWI data analy-
sis (such as the placement of ROIs) and so on.

Int J Clin Exp Med 2017;10(6):9306-9313
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As for D, it had the highest AUC value of 0.850,
along with the highest specificity of 100.00%,
among all the IVIM-DWI parameters in the dif-
ferentiation between AML and ccRCC in the
present study. Furthermore, this study demon-
strated that the difference in the AUC value of
ROC curve between D and D* reached statisti-
cal significance. These findings may suggest
that the diffusion of water molecule is a more
important micro-environmental characteristic
of tumor tissue than the microcirculation perfu-
sion in differentiating AML from ccRCC. Apart
from our findings, a recent study also found
that the D value for AML is obviously lower than
that for ccRCC [10]. Therefore, D may serve as
an important imaging marker for identifying
these two common renal tumors. Nevertheless,
the exact differentiation efficacy of D is not
entirely clarified and deserves further investi-
gation because few published reports are cur-
rently available.

Our study had several limitations. Firstly, the
retrospective nature and relatively small patient
cohort of this study may result in statistical
bias. Secondly, the fat-rich and fat-poor AML
were analyzed as a whole in the present study
because of the limited number of fat-poor AML
due to its low prevalence, which may have neg-
ative influence on our results. In this study, we
carefully avoided the inclusion of fat-containing
area into ROIs as possible as we can. Our find-
ings might help the readers better understand
the differences in the perfusion- and diffusion-
related micro-environments between AML and
ccRCC, and therefore might serve as a poten-
tial reference with respect to differentiating
ccRCC from fat-poor AML. Thirdly, the IVIM anal-
ysis in our study was based on drawing ROls
that covered part areas of renal tumors to inve-
stigate their mean parametric values. It is well
known that tumor often exhibits histological
heterogeneity. Therefore, without a doubt, the
mean values of the IVIM-DWI parameters can-
not adequately reflect the histological hetero-
geneity of tumor. Further studies that utilize
texture or histogram analysis may be more
meaningful in comprehensively understand the
differences in the IVIM-DWI parametric values
between AML and ccRCC.

In conclusion, our preliminary data indicates
that AML and ccRCC differ significantly from
each other in both the diffusion- and perfusion-
related IVIM-DWI parametric values, which sug-
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gests that IVIM-DWI may sever as a supplemen-
tary tool in the differentiation between the
most common tumors of kidney.
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