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ORIGINAL ARTICLE / OZGUN ARASTIRMA

The role of magnetic resonance diffusion tensor imaging in
differentiation of benign from malignant focal renal lesions

Fokal renal lezyonlarinin benign ve malign ayiriminda manyetik rezonans diflizyon tensor

goriintiilemenin roli

Sukru Mehmet ERTURK, Fikriye YILMAZ UZUNOGLU, Abdullah SOYDAN MAHMUTOGLU, Ozge YAPICI
UGURLAR, Guzide OZDIL, Alper OZEL, Onder KIRDAR, Muzaffer BASAK

ABSTRACT

Objectives: To determine the diagnostic performance of apparent
diffusion coefficient (ADC) and fractional anisotropy (Fa)
measurements in differentiation of malignant from benign focal
renal lesions.

Material and Methods: Twenty-one patients (9 women and 12
men ; mean age 54,1 years) with 25 focal renal lesions diagnosed
by different imaging modalities such as computed tomography
(CT) and ultrasound (US) and examined with magnetic resonance
diffusion tensor imaging (DTI) were included in the study. There
were 6 solid renal cell carcinomas (RCC), 1 cystic RCC, 1
angiomyolipoma (AML) and 17 cystic lesions ( 16 Bosniak type
I cysts, 1 Bosniak type II cyst). ADC and Fa measurements were
performed by two radiologists, in consensus. The differences in
ADC and Fa values of malignant and benign renal lesions were
compared using ANOVA and Tukey tests. A ROC analysis was
applied; sensitivities and specificities were calculated.

Results: The mean ADC and Fa values of malignant lesions
were 1.29+0.4 mm?2/sec and 0.34+0.1, respectively. The mean
ADC and Fa values of benign lesions were 2.6+0.7 mm2/sec
and 0.19+0.12, respectively. The differences were significant
(P<0.05). The Az values for discriminating malignant lesions from
benign ones for ADC and Fa value were 0.95 and 0.83, respectively.
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The sensitivity-specificity of ADC and Fa were 100%-83.3%, and
100%-77.8%, respectively.

Conclusion: There are statistically significant differences
between ADC and Fa values of malignant and benign focal renal
lesions. Malignant renal lesions have low ADCs and high Fa
values, whereas benign renal lesions have high ADCs and low Fa
values.
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Amag: Fokal bobrek lezyonlarmin benign, malign ayiriminda
gortintisteki difizyon katsayisi (apparent diffusion coefficient
- ADC) ve fraksiyonel anizotropi (Fa) ol¢timlerinin diagnostik
performanslarinin belirlenmesi.

Gerec ve Yontem: Calismamiza, bilgisayarli tomografi (BT)
ve ultrason (US) gibi degisik goriintileme modaliteleri ile tani
konulan ve manyetik rezonans diffiizyon tensor goriintiilemesi
(DTTI) yapilmis 21 hastada (9 kadin and 12 erkek ; ortalama yas
54,1), 25 fokal renal lezyon dahil edildi. Lezyonlar 6 solid renal
hiicreli karsinom (RCC), 1 kistik RCC, 1 anjiomyolipom (AML)
ve 17 kistik lezyondan ( 16 Bosniak tip I kist, 1 Bosniak tip II
kist) olusmaktaydi. ADC ve Fa 6l¢timleri iki radyolog tarafindan,
konsensusa varilarak yapildi. Malign ve benign lezyonlara ait
ADC ve Fa degerleri ANOVA ve Tukey testleri kullanilarak
kargilastirildi. ROC analizi kullanildi; sensitivite ve spesifite
hesaplandi.

Bulgular: Malign lezyonlarin ortalama ADC ve Fa degerleri
sirastyla 1.2940.4 mm2/sn ve 0.34+0.1 dl¢iildii. Benign lezyonlarin
ortalama ADC ve Fa degerleri sirasiyla 2.6+0.7 mm2/sn ve
0.19+0.12 6lgiildii. Aralarindaki fark istatistiksel olarak anlamli idi
(P<0.05). Malign lezyonlari, benign lezyonlardan ayirmada ADC
ve Fa ol¢imlerinin, Az degerleri sirasiyla 0.95 ve 0.83 bulundu.
ADC ve Fa ol¢timlerinin sensitivite ve spesifite degerleri sirasiyla
100%-83.3% ve 100%-77.8% bulundu.

Sonu¢: Malign ve benign fokal renal lezyonlarin ADC ve Fa
Ol¢timleri degerleri arasinda istatistiksel anlamli farklar mevcuttur.
Malign renal lezyonlarda diisik ADC ve yiiksek Fa degerleri
izlenirken, benign renal lezyonlarda yiiksek ADC ve diisiik Fa
degerleri izlenir.

Anahtar kelimeler: Manyetik rezonans, Difiizyon tensor, Renal
lezyon
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Introduction

Diffusion-weighted magnetic resonance imaging (DW-
MRI) is a noninvasive technique that visualizes molecular
diffusion by measuring the Brownian motion of water
molecules in the tissues. This mobility shows the integrity
of cell membrans and the cellularity of the underlying tissue
[1]. The water within the intracellular and extracellular
spaces have changes in the micro diffusion which have an
effect on DW-MRI outcomes. Apparent diffusion coefficient
(ADC) is the indicator of movement of water molecules in
a tissue [2]. Generally, in a malignant lesion the cells are
densely packed and due to existence of more organelles,
membranes and fibers within the malignant cells, diffusion
is restricted and ADC values are lower [3].

Because diffusion is a multidimensional process the use
of DWI alone may result in a loss of important data within
highly organized (i.e., anisotropic) tissues. Using additional
gradients magnetic resonance diffusion tensor imaging
(DTI) can evaluate the anisotropic features of tissues and
allow the analysis of diffusion in multiple dimensions,
thus provide more detailed data regarding the diffusion of
water in various tissues [4-6]. Fractional anisotropy (Fa)
shows the fraction of anisotropic diffusion to total diffusion.
Furthermore, in a study, the authors showed that Fa has a
good and strong correlation with cell density [7].

Our hypothesis is thus that the diffusion in malignant
lesions should be more restricted and more anisotropic when
compared with benign renal lesions because of higher cell
density in malignant ones. The purpose of this preliminary
study is to test this hypothesis.

Materials and Methods
Patients

Institutional approval for this retrospective study and written
informed consents from all patients had been obtained.
During six months 21 patients (9 women and 12 men ; mean
age 54,1 years) with renal lesions diagnosed by different
imaging modalities such as computed tomography (CT) and
ultrasound (US) and examined with DTI were included in
this study.

ADC and Fa values of 25 lesions of these 21 patients
were evaluated. There were 6 solid renal cell carcinomas
(RCC), 1 cystic RCC, 1 angiomyolipoma (AML) and 17
cystic lesions ( 16 Bosniak type I cysts, 1 Bosniak type
II cyst). The diagnosis of RCC’s were proven by means

of biopsy. Angiomyolipoma was diagnosed according to
typical MRI appearance. Cysts enrolled in the study were
diagnosed according to their typical US and MRI findings.
All benign cysts were followed up for at least 12 months.

MR Imaging

A 1.5T Scanner (Signa Excite HD; Healthcare, Milwaukee,
WI, USA ) was used for all MR examinations. Axial breath-
hold, single-shot gradient echo planar DTI covering both
kidneys were acquired using the following parameters:
Matrix: 256x160, Acquisition time: 1:25 (min:sec), TE:
89.4 msec, TR: 6125.0 msec, Bandwith: 31.25 kHz, number
of excitations: 4.0, field of view: 48, Slide thickness: 8.0
mm, Spacing: 1.0 mm, b-value: 1000 sec/mm?2, number of
diffusion directions: 6 Spectro Spatial RF pulse was used to

reduce chemical shift artifacts.

Image Analysis

All images were reviewed by two radiologists (study
coordinators), who were aware of the final diagnoses of the
lesions, on postprocessing workstations and lesions were
determined to be measured. When a patient had different
types of lesions, all of them were included, otherwise the
largest was chosen.

To analyse ADC and Fa values, two readers, who were
blinded to the lesions, established regions of interest in
each lesion on ADC and Fa maps, in consensus. All regions
of interest were placed within the confines of the lesions;
for heterogeneous lesions, regions of interest included the

entire lesion.

Statistical Evaluation

The differences in ADC and Fa values of RCC'’s,
angiomyolipoma and cysts were evaluated using ANOVA
and post-hoc Tukey test. ROC analysis was applied to
evaluate the use of ADC and Fa values in distinguishing
malignant lesions from benign ones. The areas under
the curve were calculated. Cut-oft values for ADCs and
Fa values were determined for discriminating malignant
lesions from benign ones. Sensitivities and specificities
with 95% confidence intervals (CI) were calculated

accordingly.
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Figure 2: A cystic RCC (white arrow) in the right kidney appears
hyperintense on diffusion-weighted axial image (figure 2a).
ADC value of 2.72x 10-3 mm?¥s and an Fa value of 0.16. Figure After intravenous injection of gadolinium, the lesion shows weak
enhancement because of its cystic nature (figure 2b). The RCC had
an ADC value of 1.07 x 10 mm?/s and an Fa value of 0.31. Figure
parts 2c and 2d are ADC and Fa maps, respectively.

Figure 1: A renal cyst (white arrow) in the right kidney appears
hyperintense on T2-weighted image (figure 1a). The cyst has an

parts 1b and 1c are ADC and Fa maps, respectively.
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Figure 3: A RCC (white arrow) in the right kidney appears
heterogeneously isointense when compared with renal parenchyma
with internal hyperintense areas of cystic degeneration on T2-
weighted image; two simple cysts in the left kidney appear
hyperintense (figure 3a). After gadolinium administration, the
RCC shows strong enhancement, the cysts appear hypointense
(figure 3b). The RCC shows diffusion restriction and appears
hyperintense on diffusion weighted MR image; the cysts appear
hypointense (figure 3c); figures 3d and 3e are ADC and Fa maps,
respectively. The RCC had an ADC value of 1.67 x 103 mm?/s and
an Fa value of 0.29, with necrotic areas of higher ADC and lower
Fa values. The larger simple cyst had an ADC value of 2.61 x 10
mm?/s and 0.15, respectively.
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Figure 4: An angiomyolipoma (white arrow) in the right kidney appears as a fat containing lesion on coronal fatsupressed T2-weighted
images (figure 4a). Lesion shows enhancement after gadolinium administration (figure 4b). The angiomyolipoma had an ADC value of
1.38 x 107 mm?/s and an Fa value of 0.34. Figures 4c and 4d are ADC and Fa maps, respectively.

Results

The mean ADC values of RCCs and benign renal lesions
were 1.2940.4x103 mm?/s, 2.6+0.7x 10 mm?/s, respectively.
All differences were significant (P <0.05). The mean Fa
values of malignant and benign lesions were 0.34+0.1 and
0.19+0.12, respectively. The differences in Fa values were
statistically significant (P <0.05). Figures 1, 2, 3 and 4 are
representative cases.

In distinguishing between malignant and benign lesions,
ADC value had an area under the curve of 0.95. Using
1.87x103 mm?*s as the cut-off value the sensitivity was
100% (7/7; 95% CI= 64.6-100 %) and the specificity was
83.3% (15/18; 95% CI= 60.8-94.2%). In distinguishing
malignant lesions from benign ones, Fa value had an area
under the curve of 0.83. Using 0.25 as the cut-off value the
sensitivity was 100% (7/7; 95% CI= 64.6-100%) and the
specificity was 77.8% (14/18; 95% CI= 54.8-91.0%).
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Discussion

The ADC values depend largely on the presence of barriers
to diffusion within the macromolecules and cell organels.
Restriction to the molecular diffusion of water can be
related to the density of tissues. With the increasing density
according to the compartment within different cellular
structures and macromolecules, ADC values changes, thus
helps us to differentiate the types of tissues. Incresed cell
density causes an increase in the anisotropy, as well [7].
Since it has been already shown that the cells in malignant
lesions are densely packed [3], the diffusion in malignant
lesions should be more restricted and more anisotropic when
compared to benign lesions resulting in outcomes as lower
ADC values and higher Fa values for malignant lesions.

In the literature there are studies that investigate the
accuracy of DWI to assess parenchymal structure of
kidneys, characterization of renal masses and cystic renal
lesions [8-10]. Kim et al., found the lowest ADC values in
angiomyolipoma and renal cell carcinoma in their study
[11]. Notohamiprodjo et al., used DTT in patients with renal
pathologies and in healthy volunteers. The results of their
study showed that solid tumors had significantly higher
Fa values compared to simple cysts, but a wide range of
Fa values were detected for renal cell carcinoma [12]. In a
study by Taouli et al., RCCs had significantly lower mean
ADC values compared to benign renal lesions at DWI.
The mean ADC was 1.41+0.61 x10° mm?/s for RCCs and
2.234+0.87 x10* mm?/s for all benign lesions in their study
[13]. In our study, the mean ADC values we obtained for
RCCs and benign renal lesions are in concordance with the
literature. And as expected, due to their higher cell density,
RCCs had higher Fa values when compared with the benign
lesions.

This preliminary study has some limitations. First, the
patient population was small. Nevertheless, we were still
able to find statisticaly significant differences between
ADC and Fa values of malignant and benign focal renal
lesions. Malignant lesions had low ADCs and high Fa
values, whereas benign lesions had high ADCs and low Fa
values. Second we were not able to include different type of
solid renal lesions other than one angiomyolipoma. As we
mentioned earlier, our aim in this preliminary study, was to
evaluate the feasibility of diffusion tensor imaging. To reach
robust conclusions, studies with larger patient populations,
and a variety of renal lesions are definitely needed.
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