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To evaluate diffusion-weighted imaging (DWI) features and
signal intensity values at T2-weighted magnetic resonance
(MR) imaging for differential diagnosis of benign retroper-
itoneal fibrosis (RPF) and plaque-like retroperitoneal ma-
lignant neoplasms.

Institutional review board approval and informed consent
were obtained for this retrospective study. Fifty-one patients
with plaque-like confluent retroperitoneal soft-tissue masses
were divided into three groups: group I, 25 patients with ma-
lignant RPF and retroperitoneal malignant neoplasm; group
I, 16 patients with chronic RPF; and group IIl, 10 patients
with active RPE. On T1-weighted (unenhanced and contrast
material-enhanced), T2-weighted, and DWI (b = 1000 sec/
mm?) images, apparent diffusion coefficient (ADC) values
and quotients of postcontrast signal intensities between le-
sions and psoas muscle were evaluated. The x? test was used
to compare categorical values; one-way analysis of variance
and Kruskal-Wallis tests were used to compare groups.

Overall sensitivity, specificity, and positive and negative pre-
dictive values of DWI findings were 92% (23 of 25 patients),
62% (16 of 26 patients), 70% (23 of 33 patients), and 89%
(16 of 18 patients), respectively. Mean ADC values were 0.79
+ 0.19 in group I, 1.43 £ 0.16 in group I, and 0.91 = 0.14
in group III. When comparing values, differences between
groups | and II (ADC values, P < .0001; DWI quotients,
P < .0001; postcontrast quotients, P = .001) and groups II
and III (ADC values, P < .0001; DWI quotients, P = .016;
postcontrast quotients, P = .04) were significant. There was
no significant difference between groups I and Il or between
the three groups when T2-weighted values were compared.

ADC of chronic RPF was higher than that for active RPF
or malignant RPF and retroperitoneal malignant neoplasm.
DWI can contribute to differential diagnosis of chronic RPF
and malignant neoplasms with RPF morphology. Lesions in
the malignant group and active RPF group had similar en-
hancement patterns, while those in the chronic RPF group
demonstrated less enhancement. Signal intensity values
on T2-weighted images were not useful for differentiating
these conditions.

©RSNA, 2014
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etroperitoneal fibrosis (RPF) re-

fers to a range of diseases char-

acterized by the presence of a
fibroinflammatory plaque-like confluent
tissue that develops in the periaortic
retroperitoneum (1,2). The abdominal
aorta, iliac vessels, and, frequently, the
inferior vena cava and ureters are sur-
rounded by the tissue (1,3). Most often
the disease is idiopathic; however, ma-
lignancy, surgery, drugs, or infections
can be associated with this condition
(1,4,5).

It has been reported that malignant
cells are present in 8% of RPF cases
(malignant RPF) (6). Also, malignant
neoplasms in the para-aortacaval re-
gion (eg, lymphoma or malignant infil-
tration originating from the stomach,
testis, kidney, pancreas, prostate, or
endometrium) with plaque-like con-
fluent tissue morphology (without
fibrosis) may mimic RPF (7,8). It is
important to differentiate benign RPF

Advances in Knowledge

B [n patients with chronic retroper-
itoneal fibrosis (RPF), there was
no restricted diffusion (16
[100%] of 16); however, in
patients with active RPF (10
[100%] of 10), malignant RPF,
and retroperitoneal malignant
neoplasm with RPF morphology
(23 [92%] of 25), there was re-
stricted diffusion.

® When the apparent diffusion
coefficient cutoff value was 1.05,
the sensitivity and specificity in
the differential diagnosis of
chronic RPF versus malignant
RPF and retroperitoneal malig-
nant neoplasm were 96% and
100%, respectively (area
under the receiver operating
characteristic curve, 0.990;
P < .0001).

® Signal intensity values on
T2-weighted images were not
useful in distinguishing these
entities; there was no signifi-
cant difference in T2-weighted
values between the three
groups (P = .60).

from malignant RPF and para-aortic
malignant neoplasms to diagnose the
underlying pathologic process and to
determine the patient’s prognosis.
While dependent on the underlying
cause, the prognosis for patients with
benign RPF is generally favorable (4).
On the other hand, the prognosis for
malignant para-aortic neoplasm and
malignant RPF is poor, with a mean
survival of 3-6 months for malignant

RPF (9-12).

Imaging findings—including the
morphologic parameters of lesions,
contrast material enhancement, and

fluorine 18 fluorodeoxyglucose uptake
patterns—and signal intensity charac-
teristics on T2-weighted magnetic res-
onance (MR) images are used to dif-
ferentiate benign RPF from malignant
RPF (13-21). However, in two reviews
that summarize these studies, it was re-
ported that the imaging findings were
not reliable enough to allow differentia-
tion of benign RPF from malignant RPF
4,5).

While noninvasive imaging modal-
ities can help exclude secondary causes
of RPF, biopsy is often required for
histologic confirmation, since imaging
is ineffective in the differentiation of
benign from malignant neoplasms. Bi-
opsy results can yield a false-negative
result, however, as metastatic cells may
not have a homogeneous distribution in
the fibrotic mass (4). Also, it is impor-
tant to make the distinction between
active and chronic (inactive) RPF for
the therapeutic management of benign
RPF cases (22).

The aim of this study was to eval-
uate the diffusion-weighted imaging
(DWI) features and contribution of
signal intensity values at T2-weighted
MR imaging for the differential diag-
nosis of benign RPF and plaque-like

Implication for Patient Care

B Malignant lesions should be
included in the differential diag-
nosis of para-aortocaval plaque-
like lesions with RPF mor-
phology if there is restricted
diffusion on diffusion-weighted
MR images.

retroperitoneal malignant neoplasms to
determine whether DWI can be used to
differentiate these entities.

Materials and Methods

Patients and Study Protocol

Institutional review board approval
was obtained for this retrospective
study, and informed consent was ob-
tained from patients for participation
in the research project. Between June
20, 2009, and September 1, 2012, 51
patients (mean age * standard devia-
tion, 57.06 years = 10.85; range, 26-88
years) with plaque-like confluent ret-
roperitoneal soft-tissue masses in the
para-aortocaval region were included.
Retroperitoneal isolated or multiple
nodular masses or enlarged multiple
lymph nodes constituted exclusion
criteria. Forty of the 51 patients had
various symptoms such as abdominal-
lumbar pain, fatigue, weight loss, leg
edema, and claudication. Patients were
referred to our institution after a com-
puted tomography and/or MR imaging
examination performed in a different
medical center demonstrated plaque-
like confluent retroperitoneal soft-tissue
masses in the para-aortocaval region.
The remaining 11 patients had already
received a diagnosis both clinically and
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Abbreviations:

ADC = apparent diffusion coefficient
Cl = confidence interval

DWI = diffusion-weighted imaging
ROI = region of interest

RPF = retroperitoneal fibrosis
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histopathologically, with chronic RPF at
biopsy. Seventeen patients were women
(mean age, 55.71 years = 11.63; age
range, 26-80 years), and 34 were men
(mean age, 57.74 years = 10.56; age
range, 35-88 years). They were divided
retrospectively into three groups on the
basis of the final pathologic diagnosis.
Group I included 25 patients with ma-
lignant RPF and retroperitoneal malig-
nant neoplasm, group II included 16
patients with chronic RPF, and group
I included 10 patients with active RPF.
Details of inclusion and exclusion crite-
ria are given in Appendix E1 (online).

MR Imaging Protocol

All imaging examinations were per-
formed with a 1.5-T imaging system
(Philips ~ Achieva;  Philips  Medical
Systems, Best, the Netherlands). MR
images were obtained by using an eight-
element phased-array multicoil for the
body. The MR imaging study protocol
consisted of a T1-weighted turbo spin-
echo sequence, a T2-weighted turbo
spin-echo sequence, and a multisection
single-shot spin-echo echo-planar DWI
sequence without breath holding (fat
saturation was used to avoid chemical-
shift artifacts). All sequences were per-
formed in the axial planes. Also, in 25
of 51 patients (13 patients in group 1,
six patients in group 2, and six patients
in group 3), breath-hold T1-weighted
fat-suppressed spoiled gradient-echo
shared prepulse sequences were per-
formed before contrast material admin-
istration and during the arterial, venous,
and delayed phases after contrast mate-
rial administration. The pulse sequence
parameters are listed in Table 1.

Image Analysis

Images were evaluated by two observers
in consensus on the day of the MR ex-
amination (B. Bakir, an abdominal radi-
ologist, and F.Y., a general radiologist,
with 10 and 5 years of MR experience,
respectively) by using an Extended MR
WorkSpace 2.6.3.5 workstation with
Philips software.

For the qualitative analysis, the
signal intensity of the lesions on DWI
images (b = 1000 sec/mm?) was evalu-
ated visually. The lesion was considered

MR Imaging Parameters

Multisection T1-weighted
T1-weighted T2-weighted Single-Shot Fat-suppressed
Parameter Turbo Spin Echo  Turbo Spin Echo  Spin-Echo DWI*  Spoiled Gradient Echo
Section thickness (mm) 6-8 6-8 6 4
Intersection gap 1.5-2 1.5-2 1 0.8
Repetition time (msec) 581 809 1812 511
Echo time (msec) 12 290 868 2.51
No. of signals acquired 1 1 3 1
Flip angle (degree) 90 90 90 10
Matrix size 308 X 305 216 X 216 256 X 256 352 X 352

*The b values were 0, 500, and 1000 sec/mm?. The reduction factor and echo-planar imaging factor of the DWI sequence were

2 and 53, respectively.

c.
Figure 1:

hypointense if it had a signal intensity
equal to or lower than that of the psoas
muscles and hyperintense if it had a sig-
nal intensity higher than that of the pso-
as muscles. The signal intensity of the
lesions on the ADC map was evaluated

MR images in a 54-year-old man with malignant RPF (group I). (a) Axial T1-weighted and (b)
axial T2-weighted MR images demonstrate plaque-like lesions at the para-aortocaval region surrounding the
aorta (arrows). (c) DWI MR image (reverse image) demonstrates high signal intensity as dark areas in the
lesion (arrows). (d) ADC map shows prominent hypointense areas in the lesion that correspond with low ADC
values (arrow). Also see Figure E1 (online).

visually to determine if it was hypoin-
tense. The diffusion was considered
restricted if a lesion had hyperintensity
with a diffusion sequence (b = 1000 sec/
mm?) and hypointensity on apparent dif-
fusion coefficient (ADC) maps.
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Figure 2

We compared the malignant group
(group I) with the chronic RPF group
(group II) by using the following me-
thods. The signal intensity of lesions on
DWI images (b = 1000 sec/mm?) was
compared by using the x? test. ADC
values and DWI, T2-weighted, and
postcontrast quotients were analyzed
by using receiver operating character-
istic curve analysis. The cutoff values
for ADC values and DWI, T2-weighted,
and postcontrast quotients were deter-
mined with receiver operating charac-
teristic curve analysis. The correlation
between ADC values and DWI and T2-
weighted quotients was determined by
using the Pearson correlation test.

The paired t test was used to com-
pare pre- and posttreatment ADC
values, DWI quotients, and lesion size
in the active RPF group (group III).

a. b.

Figure 2: MR images in a 66-year-old man
with chronic RPF (group Il). (a) Axial T2-weighted
MR image demonstrates plaque-like lesions at
the para-aortocaval region surrounding the aorta
(arrows). (b) DWI MR image (reverse image)
demonstrates low signal intensity in the lesion
(arrows). (c) ADC map shows that the lesion is
evenly hyperintense, which corresponds with high
ADC values (arrow). Also see Figure E5 (online).

For the quantitative analysis, one
author (B. Bakir) placed regions of in-
terest (ROIs) measuring at least 1 cm?
(size range, 1-3.2 cm?) on the lesions
on DWI (b = 1000 sec/mm?) and T2-
weighted images, ADC maps, and post-
contrast images (acquired in the de-
layed phases) by avoiding obvious areas
of inhomogeneity. The ROI was placed
within the lesions in the area with the
lowest ADC value on ADC maps and
areas with the highest signal intensity
on DWI (b = 1000 sec/mm?) and T2-
weighted images. On postcontrast im-
ages, the ROI was placed in the areas
with the most enhancement. At least
three measurements were performed
and averaged for each lesion. We used
the same-size ROIs as those for the
psoas lesions (B. Bakir placed all the
ROIs).

For a comparative analysis of the
DWI findings (b = 1000 sec/mm?), sig-
nal intensity on T2-weighted images,
and contrast enhancement patterns, we
used a method similar to that reported
by Arrive et al (9) and Kamper et al
(23). We obtained quotients by divid-
ing the mean signal intensity within the
lesions by the intensity of the psoas

muscle on the DWI (b = 1000 sec/mm?),
T2-weighted, and postcontrast images.
We used the same sizes and positions
of the ROl in the different sequences.

To compare pre- and posttreatment
lesion sizes in the active RPF group, we
measured the lesions’ largest diameter
at the para-aortocaval region.

Statistical Analyses

The sensitivity, specificity, and positive
and negative predictive values of the
DWI findings for the malignant (group
I) and benign (groups II and III) groups
were calculated with a 95% confidence
interval (CI), according to qualitative
signal intensity. The x> test was used
to compare sex within groups and the
signal intensity of lesions on DWI im-
ages (b = 1000 sec/mm?). To compare
variables with a normal distribution
(ADC, T2-weighted quotients) between
three groups, the one-way analysis of
variance test was used, and the Krus-
kal-Wallis test was used to compare
variables without a normal distribution
(DWI and postcontrast quotients). The
Kolmogorov-Smirnov test with Lilliefors
significance correction was used for the
normality test.

MedCale (MedCalc Software, Mar-
iakerke, Belgium) and IBM SPSS soft-
ware, version 21.0 (IBM, Armonk, NY)
were used. Significant differences were
defined as P < .05.

When the patient sex distribution was
examined, the percentage of women in
group I was 52% (13 of 25), and the
percentage of men was 48% (12 of 23).
In groups Il and III, these values were
12% (two of 16) and 20% (two of 10)
for women and 88% (14 of 16) and 80%
(eight of 10) for men, respectively. While
the patient sex distribution in group I was
homogeneous, there was a male domi-
nance in groups Il and III (P = .02).

Comparison of Imaging Findings

On DWI images (b = 1000 sec/mm?),
23 of the 25 patients in group I had a
hyperintense lesion (Fig 1; Figs E1-E4
[online]), while two patients had hy-
pointense lesions. (One of these pa-
tients received a diagnosis of mantle
cell lymphoma, and the other received
a diagnosis of adenocarcinoma infiltra-
tion from an unknown primary tumor.
Both of these patients were untreated,
and the lesions were sampled with core
biopsy.) The lesions were hypointense
in all patients in group II (Fig 2; Figs
E5, E6 [online]) and hyperintense in
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all patients in group III (Fig 3; Figs E7,
E8 [online|). All of the hyperintense le-
sions on DWI images with b values of
1000 sec/mm? had low signal intensity
(compatible with restricted diffusion)
on ADC maps.

Mean ADC values and DWI, T2-
weighted, and postcontrast quotients in
the three groups are shown in Table 2.
ADC values and DWI, T2-weighted, and
postcontrast quotients of the groups are
shown in Figures 4-7.

ADC values were different in each
of the three groups (P < .0001). At
post hoc analysis, the differences were
significant between groups I and I and
between groups II and I (P < .0001).
However, there was no significant differ-
ence between groups I and IIT (P = .154).

When DWI quotients were com-
pared, there was a difference between
groups (P < .0001). At post hoc analysis,
the differences were significant between
groups I and IT (P < .0001) and between
groups IT and TIT (P = .016). However,
there was no significant difference be-
tween groups | and IIl (P = .14).

There was no significant difference
in T2-weighted quotients between the
three groups (P = .60).

When postcontrast quotients were
compared, there was a difference be-
tween groups (P = .001). At post hoc
analysis, the differences were sig-
nificant between groups I and II (P =
.001) and between groups II and III
(P = .04). However, there was no signif-
icant difference between groups I and
I (P > .99).

Comparison of Groups I and Il

The qualitative difference of signal in-
tensities on DWI images (b = 1000 sec/
mm?) between group 1 (3.72 = 1.12)
and group II (1.31 £ 0.39) was signifi-
cant (P < .0001).

When the ADC cutoff value was
1.05, the sensitivity and specificity in
the differential diagnosis of malignant
neoplasia and chronic RPF were 96%
and 100%, respectively (area under the
receiver operating characteristic curve
[AUC] = 0.990, Table 3). When the
DWI quotient cutoff value was 1.99,
the sensitivity and specificity were 92%
and 100%, respectively (AUC = 0.975).

Figure 3

Figure 3:

MR images in a 54-year-old man with acute inflammatory RPF (group Ill). (a) Axial T2-weighted

MR image demonstrates plague-like lesions at the para-aortocaval region surrounding the aorta (arrows).
(b) DWI MR image (reverse image) demonstrates high signal intensity as dark areas in the lesion (arrows).
(c) ADC map shows that the lesion is hypointense, which corresponds with low ADC values (arrows). (d) DWI
MR image (reverse image) obtained 3 months after therapy demonstrates marked regression in the signal
intensity of the lesion and a decrease in lesion size (arrows). Also see Figure E7 (online).

Mean ADC Values and DWI, T2-weighted, and Postcontrast Quotients in Different

Groups
T2-weighted Postcontrast
Group ADC* DWI Quotient* Quotientt Quotient*
Group | (malignant) 0.79 = 0.19 3.72+1.12 2.37 £1.12 1.92 = 0.15
Group Il (chronic RPF) 1.43 =0.16 1.31 = 0.39 217 £ 047 1012
Group IIl (active RPF) 0.91 = 0.14 2.85 = 0.40 2.25+0.70 1.82 +0.14

Note.—Data are means + standard deviations.
* Comparison yielded a significant difference (P < .001).
T Comparison did not yield a significant difference (P = .605).

When the T2-weighted quotient cutoff
value was 2.65, the sensitivity was low
(sensitivity, 40%; specificity, 87%; AUC
= 0.552). When the postcontrast quo-
tient cutoff value was 1.19, the sensi-
tivity and specificity in the differential
diagnosis of malignant neoplasia and
chronic RPF were 100% and 100%, re-
spectively (AUC = 1.000).

There was a significant reverse cor-
relation between DWI quotient and
ADC values (r = —0.75, P < .0001).

There was no significant correlation be-
tween DWI and T2-weighted quotients
(r = 0.15, P = .349) and between ADC
values and T2-weighted quotients (r =
-0.16, P = .301).

When all of the patients were in-
cluded in the evaluation, the sensitiv-
ity, specificity, positive predictive value,
and negative predictive value of DWI
MR sequences in the differential diag-
nosis of malignant and benign lesions
were 92% (95% CI: 74%, 99%), 62%
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Cutoff Points and AUCs for ADC Values and DWI, T2-weighted, and Postcontrast
Quotient Variables in the Differential Diagnosis of Group | (Malignant Group) and

Group Il (Chronic RPF Group)

Cutoff 95% Cl for 95% Cl for
Parameter Point Sensitivity (%)  Sensitivity Specificity (%)  Specificity AUC
DWI quotient >1.99 92 74.0,99.0 100 79.4,100.0 0.975
ADC =1.05 96 79.6,99.9 100 79.4,100.0  0.990
T2-weighted quotient ~ >2.61 40 21.1,61.3 87 61.7,98.4 0.552
Postcontrast quotient  >1.19 100 75.3,100.0 100 54.1,100.0  1.000
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Figure 7:  Graph shows the distribution of post-
contrast (Cg) values in the three groups. (Values are
means = standard deviation [SO].)

(95% CI: 41%, 80%), 70% (95% CI:
51%, 84%), and 89% (95% CI: 65%,
99%), respectively.

In eight patients in group I who
underwent a control MR imaging ex-
amination and a follow-up MR imaging
examination, the mean pretreatment
DWI quotients and ADC values were
2.86 = 0.38 and 0.91 = 0.14, respec-
tively; posttreatment mean DWI quo-
tient was 1.21 = 0.21, and ADC value
was 1.44 = 0.16 (P < .001).

In the follow-up MR examination
of the eight patients (posttreatment),
there was also regression on the lesion

size at the para-aortacaval region (while
pretreatment mean lesion diameter was
17.25 mm = 4.46 and posttreatment
mean lesion diameter was 7.25 mm *
3.20 [P < .001]).

We detected restricted diffusion on
DWI images in 23 (92%) of 25 pa-
tients in the malignant group, 10 of 10
in the active RPF group, and O of 16
in the chronic RPF group. The reason
why acute RPF demonstrated restricted
diffusion while chronic RPF did not
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might be related to the different time
of onset of the processes. In the early
stages of fibrosis, highly vascular tissue
and collagen are present in the plaque,
in addition to polyclonal B and CD4+
T cell infiltrates, plasma cells, histio-
cytes, and macrophages. Later, fibro-
sis replaces inflammatory tissue (5).
In the early stages where the cellular
content of the plaque is high, water dif-
fusion may be restricted, owing to the
reduced extracellular space and also to
cell membranes acting like a barrier to
water movement. In the chronic stage,
with the regression of the inflammation
and the onset of fibrosis, the less cel-
lular environment and the relative in-
crease in extracellular stage allow freer
water diffusion. The restricted diffusion
in the malignant group, like active RPF,
might be due to their highly cellular en-
vironment. In our study, however, two
patients with malignant RPF demon-
strated no restricted diffusion. Arrive
et al suggested that instead of using
morphologic features and enhancement
patterns at MR imaging, signal intensity
characteristics on T2-weighted images
(by using a technique similar to ours
with comparison of signal intensity on
T2-weighted images between the lesion
and muscle) are more useful in differ-
entiating benign and malignant RPF
(9). In our study, however, there was
no significant signal intensity difference
on T2-weighted images between benign
and malignant RPF. The reason for
these differing results is not clear. In
addition, while the number of exami-
nations with contrast material adminis-
tration in our study was low (n = 25),
we have observed that the lesions in the
malignant group and active RPF group
had similar enhancement patterns,
while the lesions in the chronic RPF
group demonstrated less enhancement
compared with the others.

Other authors have assessed the
role of DWT in the differential diagnosis
of retroperitoneal masses and RPF. In
the study by Rosenkrantz et al, which
included 22 patients with RPF and
nine patients with lymphoma, the ADC
was significantly lower in lymphoma
than in RPF (mean, [0.92 = 0.17] X
1073 mm?/sec vs [1.40 = 0.38] x 1073

mm?/sec; P = .003) (7). However, in a
study by Spieler et al, which included
11 RPF and 16 lymphoma cases, there
was no significant difference in mean
ADC values between lymphoma (1.26
X 1072 mm?/sec; range, [0.54-2.03] X
1073 mm?/sec) and RPF (1.35 x 1073
mm?/sec; range, [0.61-2.45] X 1073
mm?/sec) (P = .57) (24). The discrep-
ancies between these two studies may
be due to the fact that neither of them
had made a distinction between active
and chronic RPF. Furthermore, the dif-
ferent selection criteria for the malig-
nant case groups might have created
this discrepancy. For example, two
cases in our study (a lymphoma and
an adenocarcinoma) did not exhibit
restricted diffusion, thereby mimicking
the chronic RPF group.

Another observation in our study
was the absence of restricted diffusion
at follow-up MR imaging in all eight
patients treated for acute RPF. Also,
ADC values in eight patients were in-
creased compared with pretreatment
ADC values. The mean pretreatment
ADC value in the eight patients was
0.91 = 0.14, which increased to 1.44 =
0.16 3-6 months after treatment. This
can be explained by the posttreatment
decrease in cell population density in
acute RPF and the more pronounced
fibrosis.

Our study had limitations. Our pa-
tient population size was limited. This
was especially true for the acute RPF
group, where some statistical analyses
could not be performed owing to small
sample size. In addition, the number
of patients evaluated for contrast en-
hancement was low in all groups. An-
other limitation was that only core bi-
opsy was used for lesion sampling in
most cases, which prevented a precise
radiopathologic correlation. A further
shortcoming of our study was that we
did not assess the reproducibility of
quantitative DWI measurements. Also,
ADC values can demonstrate variation,
depending on the choice of b values
used. The ADC cutoff values in our
study were determined by using ret-
rospective evaluation. These findings
need to be validated in separate, pro-
spectively acquired data sets.

In conclusion, the ADC value of
chronic RPF is statistically higher than
that for acute RPF or malignant RPF
and retroperitoneal malignant neopla-
sia with an RPF morphology. We ob-
served that if restricted diffusion was
detected in a para-aortic plaque-like
mass, the differential diagnosis included
a malignant neoplasm (including malig-
nant RPF) or active RPF; if there was
no restricted diffusion, however, the
differential diagnosis included chronic
RPF. A biopsy would still be required
for differentiation of active from malig-
nant RPF, but DWI might also be useful
during biopsy procedures in targeting
presumptive tumoral nests in plaque le-
sions and in the evaluation of treatment
in acute RPF cases. Additional studies
with larger patient populations could
better clarify the contribution of DWI
in the diagnosis of disease and treat-
ment of patients.
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