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Oz

Amac

Kronik bobrek yetmezliginde (KBY), renal parankimin
diftizyon agirhkl (DW) magnetik rezonans goruntileme
(MRI) ADC degerlerinde azalma oldugu bilinmektedir.
Ancak KBY hastalik stresinin renal ADC degerlerine
olan etkisi bilinmemektedir. Bu ¢alismada KBY hastalik
suresi ve eslik eden diabetes mellitusun (DM) renal pa-
rankimal ADC degerlerine olan etkisi arastiriimistir.

Gerec ve Yontem

Bu calismada 39 KBY ve eGFR’si normal sinirlarda
30 DM hastasi ile 59 kisiden olusan kontrol grubunun
abdominal MR tetkikleri, retrospektif olarak degerlen-
dirildi. KBY hastalari, hastalik stiresine gore ¢ gruba
ayrildi (<5, 5>10< ve >10) ve eGFR’ye gore 1-5 ola-
rak evrelendirildi. ADC &lgtimleri, fokal kiigik bir alan
ve tum parankimi iceren, iki farkli yontem ile yapildi.
Bulgular KBY hastalik stresi, DM varhgi, insulin kulla-
nimi ve dializ durumuna gore istatistiksel analize tabi
tutularak degerlendirildi.

Bulgular
ADC degerleri KBY hastalarinda, evre 2'den itibaren

kontrol gurubuna gére anlamli sekilde dustk (p<0.05)
iken, kontrol grubu ve evre 1 KBY arasinda anlamli
fark saptanmadi. Dializ hastalarinda ise ADC degerle-
ri oldukca dusuktl (p<0.001). Hastalik suresi, diyabeti
varligi ve insilin kullaniminin ADC degerlerine anlam-
Il bir etkisi saptanmadi (p>0.05). Hasta gruplarindaki
her iki yontem ile ADC 6l¢iim sonuglarinda anlamh
farklilik izlenmezken (p>0.05), saglikh grupta tim pa-
rankimi iceren ROI ol¢umleri, istatistiksel olarak an-
lamli derecede disik izlenmistir (p<0,05).

Sonug

KBY hastalarinda KBY hastalik stiresi, DM varligi ve
insilin kullaniminin renal parankimal ADC degerlerine
anlaml bir etkisi yoktur.

Anahtar Kelimeler: Manyetik rezonanas goruntule-
me, bobre yetmezligi, kronik, diabetik nefropati.

Abstract

Objective

It is known that in chronic renal failure (CRF), diffusi-
on weighted (DW) magnetic resonance imaging (MRI)
ADC values of the renal parenchyma are reduced.
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However, the effect of CRF disease duration on renal
ADC values is unknown. In this study, the effect of
CRF disease duration and accompanying DM on re-
nal parenchymal ADC values was investigated.

Materials and Methods

In this study, abdominal MR examinations of 39 CRF
and 30 DM patients (eGFR within normal limits) and
59 control subjects were evaluated retrospectively.
CRF patients were divided into three groups accor-
ding to disease duration (>5, 5-10, and >10) and
were staged as 1-5 according to the eGFR results.
ADC measurements were made by two different met-
hods, including a focal small area and the entire pa-
renchyma. The findings were evaluated by statistical
analysis according to the duration of CRF, presence
of DM, insulin use and dialysis status.

Results
ADC values were significantly lower in CRF patients
compared to the control group since stage 2 (p <0.05),

Introduction

Diffusion-weighted imaging (DWI) is a Magnetic Res-
onance Imaging (MRI) technique based on changes
in the diffusion properties of water molecules in the
tissue. DWI can be used to assess kidney function, as
major renal functions such as glomerular filtration, tu-
bular reabsorption and secretion are associated with
the diffusion of water (1-4). Free movement of water
in the extravascular space is restricted in chronic re-
nal parenchyma due to chronic tissue hypoxia, cellular
edema and cell damage. In many studies, there was
a decrease in renal parenchyma ADC values (1,5-8).
However, as far as we know, there is no study on the
effect of the duration of chronic renal failure (CRF) on
ADC values. Similar results are expected with ADC
changes in non-diabetic CRF, as diabetes mellitus
(DM) patients also experience nephropathic changes
resulting in cell edema, cellular damage and atrophy
due to hemodynamic disorders and chronic hypoxia.
However, the relationship between ADC values in dia-
betic and non-diabetic CRF patients are also unclear.

In this study, the effect of CRF disease duration,
presence of DM and the use of insulin on renal paren-
chymal ADC values were investigated.

Materials And Methods

Patient selection
Between September 2015 - September 2017, 128 pa-
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while there was no significant difference between the
control group and stage 1 CRF. ADC values were
quite low in dialysis patients (p <0.001). Disease du-
ration, presence of diabetes and insulin use did not
significantly contribute to ADC values (p> 0.05). Whi-
le no significant difference was observed in the ADC
measurement results with both methods in the patient
groups (p> 0.05), ROl measurements containing the
entire parenchyma in the healthy group were statisti-
cally significantly lower (p <0.05).

Conclusion

In CRF patients, the duration of CRF disease, the pre-
sence of DM and insulin use have no significant cont-
ribution to renal parenchymal ADC values.

Keywords: Diffusion Magnetic Resonance Imaging,
Renal Failure, Chronic, Diabetic Nephropathy.

tients with MR images in our hospital's PACS were
included in the study. Patient groups (CRF, DM, use
of insulin, dialysis) were identified according to lab-
oratory results with patient information and reports
registered in PACS. According to the nearest eGFR
in the MR examination, CRF patients were staged
from 1 to 5. Patients were divided into three groups
according to the duration of CRF (0-5 years, Group 1;
5-10 years, Group 2; 10 years and above, Group 3).
According to the data in PACS, the control group was
made up of individuals who did not have any known
diabetes, urinary system disease, malignancy, chron-
ic and systemic diseases, but who had undergone MR
for any reason. Approval was obtained from the ethics
committee of our hospital for this study (14.02.2018 /
38).

MR Examination Parameters

MRI examinations were performed with a 1.5 Tesla
MAGNETOM Avanto (Siemens Medical Solutions,
Erlangen, Germany) device. MRI examinations were
obtained in a supine position without the need for se-
dation and using a 16-channel “body coil”. Axial and
coronal plane turbo spin-echo T2W without fat satura-
tion, axial plane gradient echo with fat saturation T1
VIBE images and axial plane Dixon imaging and sin-
gle plane DWI were taken. MR examination parame-
ters are presented in Table 1.

Evaluation of Images
The images were transferred from our hospital's
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Table 1 Magnetic resonance examination parameters.

Turbo Spin Echo T2W GRE Fat Saturated T1W VIBE

Voxel (mm) 1x1x6 Voksel size (mm) 0,6x0,6x3
FOV (mm) 320 FOV (mm) 380
Slice Thickness (mm) 6 Slice Thickness (mm) 3
Phase direction R L TR (msec) 5.03
TE (msec) 93 TE (msec) 2,41
Matrix (mm) 195 x 320 Matrix (mm) 240 x 320
Avarage(Next) 1 Avarage (Next) 1
Bandwidth (Hz/Px) 260 Band width (Hz/Px) 350
SNR 1.0 Paralel Imaging (PAT) Off
Diffusion Weighted Imaging (DWI) DIXON

Voxel size (mm) 1x1x0,6 Voksel size (mm) 0,6 x0,6x3
FOV(mm) 400 FOV (mm) 380
Slice Thickness (mm) 6 Slice Thickness (mm) 8
Phase direction A P TR (msec) 7.1
TR (msec) 5200 TE (msec) 2,39
TE (msec) 72 Matrix (mm) 240 x 320
Matrix (mm) 128 x 192 Avarage (Next) 1
Avarage (Next) (b1, b2) 3,6 Band width (Hz/Px) 490
bl, b2 (sec/mm?) 50, 800 Paralel Imaging (PAT) Off

PACS to FDA approved Mac OS X radiology work-
station. Measurements were performed in one go by
a single radiologist (AS) with four years of abdomi-
nal MR experience. Firstly, morphological evaluation
of the area to be measured in terms of an artifact,
cyst, mass foreign body and vascular structure was
performed in both kidney T2W axial MRI sections.
Then, measurements were made using two different
methods in the section through the renal hilus level
from ADC images obtained by using 800 sec/mm2 b
value. In the first method, the region of interest (ROI)
was drawn by hand to cover the entire renal paren-
chyma. In the second method, three measurements
were made, averaged using a 30 mm2 circular ROI
from the areas where the corticomedullary junction
was best tracked, and ADC values were automatically
obtained in mm?/s.

Statistical Evaluation

The descriptive statistics were presented as frequen-
cy (percentage) and mean+SD. Continuous variables
were checked by the Kolmogorov-Smirnov test for
normality. Mann-Whitney U test and Kruskal-Wallis
test was preferred for independent group compari-
sons due to non-normal distribution. The chi - square

test was used to determine the relations between cat-
egorical, and Spearman’s Rho correlation analysis for
numerical variables. For a 5% Type-I error, p<0.05val-
ue was considered a statistically significant result.

Results

A total of 128 individuals were included in the study.
Sixty-one of the subjects were female (47.66%), 67
were male (52.34%) and the mean age of the patients
was 53.46 + 14.99 years, respectively. The patient
with CRF was 30.47% (n = 39) and the rate of diabetic
patients was 40.6% (n = 52). The clinical status of the
individuals constituting the study group is shown in
Table 2. The rate of patients using insulin was 7% (n
= 9) and the rate of patients undergoing dialysis was
3.9% (n = 5). According to the duration of diagnosis
of CRF, 46.2% (n = 18) of the patients were Group 1,
20.5% (n = 8) were Group 2 and 33.3% (n = 13) were
Group 3.

According to gender, right and left kidney ADC mea-
surement values did not differ significantly in either
method. The differences between both kidney ADC
measurements were not statistically significant in all
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groups (p> 0.05). Although ADC measurements were
lower in patients using insulin than those who did not
use insulin, this difference was not statistically signif-
icant.

There was no significant difference between stage 1
CRF and control group ADC mean values (p> 0.05).
However, in other CRF stages, ADC values were
significantly lower in both methods compared to the
control group (p <0.05). No statistically significant
difference was found in ADC values between stage
2, 3 and 4 CRF patients (p>0.05). ADC measure-
ments were quite low in a small number of dialysis
patients (p <0.001). In ADC values between stage 1
and stage 2 CRF, a significant difference was found
in the right kidney, and in stage 2 CREF, the right kid-
ney ADC values were significantly lower. Accordingly,
ROC analysis of ADC measurements was performed
between 1st and 2nd stage CRF patient groups. As
a result of the analysis, only the area under the curve
for right kidney 1st and 2nd method ADC measure-
ments was found significant. For the first method, the
ADC cut-off value measured in the right kidney was
1.82 mm2 / sec, and the sensitivity and the specificity
ratios were 68% and 67%, respectively. The cut-off
value obtained by the second method was 1.85 mm2
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/' s and the sensitivity and the specificity ratios were
calculated as 71.5% and 70.8%, respectively (Table
3). ADC measurements obtained for the left kidneys
did not have a significant ROC curve, but since the
significance values were very close to the type-I error
rate, it was thought that meaningful results could be
obtained if the number of patients increased.

The effect of the duration of CRF on the measure-
ments was investigated. ADC measurements fell
slightly, as disease duration increased. However, this
was not statistically significant (p> 0.05) (Table 4).

The presence of DM and insulin use in CRF patients
did not lead to a significant difference in ADC mea-
surements (p> 0.05) (Table 2). All ADC measure-
ments were significantly lower in dialysis patients than
in other CRF patients.

Comparisons were made between ADC measurement
methods in groups with and without CRF. In the non-
CRF group, all ADC measurements were higher with
the 2nd method and this was statistically significant
(p <0.05) However, there was no statistically signifi-
cant difference between the measurement methods
results in CRF patients.

ADC values for both kidneys in the study groups.

Methods
1st 2nd
Groups (n) Right Left Right Left
Control (59) 1,8+0,1 1,8+0,1 1,8+0,1 1,8+0,1
CRF (17) 1,7 £0,2 1,7 0,2 1,7 0,1 1,7 £0,2
CRF+DM (52) 1,7 £0,2 1,7 0,1 1,7 0,2 1,7 £0,2
DM (30) 1,8+0,1 1,7 0,1 1,7 0,2 1,8 0,1
DM-+Insuline (9) 1,7 +0,1 1,7 0,1 1,7 £0,2 1,7 0,1
Dialyse (5) 1,4 40,2 1,5+0,1 1,4+0,1 1,4+0,1

Results of right and left ADC measurements in first and second stage CRF patients.

Methods
1st 2nd 1st 2nd
CRF -
Right Left
Stage 1 (n=24) 1,8 £0,1 1,8 £0,2 1,8 +0,1 1,8 +0,2
Stage 2 (n=30) 1,7 0,2* 1,740,1** 1,7 +0,1 1,7 +0,1

* significant in P < 0.05 level according to Mann-Whitney U test
** Significant at P < 0.05 level according to ROC analysis
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Table 4 Descriptive measurements of measurement results according to the duration of CRF

Methods

CRF duration year 1st 2nd 1st 2nd

(n) Right Left

0-5 (18) 1,7 0,2 1,7 £0,2 1,7 £0,2 1,7 £0,2

5-10 (8) 1,7+0,1 1,7+0,1 1,7+0,1 1,7+0,1

10+ (13) 1,7 0,2 1,7 20,2 1,6 0,2 1,7 40,2

o] 0,871 0,972 0,573 0,996

Discussion tive correlation between ADC values and GFR (4,11).

As far as we know, this study is the first study to in-
vestigate the effect of the duration of CRF disease on
renal parenchyma ADC values. According to our find-
ings, the duration of CRF did not cause a significant
change in ADC measurements in both kidneys. There
was also no significant relationship between the dura-
tion of CRF and e-GFR.

In this study, in accordance with the literature, a sig-
nificant decrease was found in ADC values from stage
2 in CRF patients compared to the control group (p
<0.05). The 1.82 mm2 / sec ADC cut-off value ob-
tained by the first method from the right kidney sepa-
rated stage-1 from stage-2, with 68% sensitivity and
67% specificity rates. These ratios are 71.5% and
70.8%, respectively, according to the ADC cut-off val-
ue of 1.85 mm2 / s in method 2. It is understood that
there is a tendency for the left kidney close to the right
kidney measurements. According to these results,
statistically significant ADC changes in CRF begin at
stage 2 and distinguish stagel from stage 2. Howev-
er, since there was no significant correlation between
ADC measurement values and e-GFR in stages 2,
3, and 4 CRFs, ADC values separating these stages
could not be defined.

In studies conducted to date, the decrease in renal
parenchymal ADC values in CRF patients is a com-
mon opinion, but different results have been reported
about ADC changes according to clinical stages. Li
et al found a negative correlation between ADC val-
ues and histopathological score in patients classified
according to renal biopsy, but could not show the
same correlation (as in our study) between GFR and
ADC (9). Unlike these studies, however, many recent
studies have reported a positive correlation between
GFR and ADC values (1,4,6-8,10-12). Two studies
involving stage 1 and stage 2 CRF patients, a gradual
decrease in CRF stage and ADC values, and a posi-

Toya et al. reported a significant difference in ADC
measurements between stage 4 and stage 5 CRF
values of b =50 and b = 1000 s / mm2. (8). Accord-
ing to the results of renal biopsy, Xu et al. found that
while ADC values found a negative correlation with
tubulointerstitial diseases, there was no correlation in
glomerular lesions (13). The most important reasons
for reporting different ADC values in these studies are
the use of different b values and ROI techniques. For
this reason, it has become difficult to catch a certain
standard and determine the cut-off value in the nu-
merical values measured.

There was no significant correlation between e-GFR
and ADC values in patients with DM in this study.
There was no significant correlation between kidney
ADC values and e-GFR in diabetic CRF patients. In
other words, accompanying DM in patients with CRF
did not affect ADC values. Chronic hypoxia, edema
and cell damage due to vascular circulatory disorders
are common physiopathological changes in both dia-
betic and non-diabetic CRF. Therefore, it was thought
that there was no significant difference between these
two groups’ ADC values. Similarly, the use of insu-
lin did not cause any change in ADC values in both
DM patients and DM patients with CRF. One study
reported a negative correlation between ADC and the
clinical stage of nephropathy in diabetic nephropathy
patients (14). In another study, it was reported that
diffusion restriction started in diabetic nephropathy
before microalbuminuria developed (15).

Another important finding in this study is that in the
patient group with CRF, close values are calculated
for all ADC measurements between both measure-
ment methods, while all measurements made with
the 2nd method in the healthy group are statistical-
ly significantly higher. Since the diameter of the ROI
(30 mm2) used in the second method is quite small,
it cannot represent the entire parenchyma. In the
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healthy population or early-stage renal parenchymal
injury, the presence of areas of focal involvement, as
well as intact parenchyma, causes an error in focal
ROI measurements. Therefore, we suggest that pa-
renchymal ADC measurement should be performed in
healthy individuals or early-stage CRF patients using
the ROI containing the entire parenchyma in a single
section.

There were some limitations to this study. 1) Since
measurements were made by one radiologist at a
time, intra-observer and intra-observer compliance
could not be evaluated. However, for the second
method, at least three measurements were made
from each kidney, averaged, and the error rate was
tried to be reduced. 2) Since there is no biopsy in pa-
tients, the relationship between disease severity and
ADC is not clear.

In conclusion, the duration of CRF disease, the pres-
ence of diabetes mellitus, and insulin use have no
significant effect on renal parenchymal ADC values in
CRF patients. However, there is a negative correla-
tion between the severity of the CRF and the ADC val-
ues. Also, according to ADC values, stage 1 CRF can
be distinguished from stage 2. In early-stage CREF, it
is more appropriate to use ROI with all parenchyma in
ADC measurement.
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