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Abstract: Objective: To compare the efficacy of diffusion-weighted (DW) magnetic resonance (MR) imaging and
Doppler ultrasonography (US) by using quantitative markers in acute unilateral obstruction due to renal stones.
Methods: This prospective study included 28 patients with unilateral ureteral obstruction and 18 healthy control
subjects. In Doppler US and DW MR imaging, resistive index (RI) and apparent diffusion coefficient (ADC) values
were measured respectively. The results were compared in patients and in control subjects. Paired samples test,
two-tailed unpaired Student’s t test and Spearman analysis were performed for statistical analysis. Results: The
mean Rl in the 28 obstructed kidneys was significantly higher than the mean Rl in unobstructed kidneys and in con-
trol subjects (P < 0.05). The ADC of obstructed kidneys in the cortex was significantly lower than the ADC of the con-
tralateral unobstructed kidneys (P < 0.05). The ADC of unobstructed kidneys was significantly higher than the ADC
of control subjects in the cortex (P < 0.05). Rl and ADC values yielded no significant correlation. Conclusion: Doppler
US and DW MR imaging provide accurate and noninvasive diagnosis, Doppler US may be preferred as it is a more
practical technique compared to DW MR imaging in the evaluation of acute ureteral obstruction due to renal stones.

Keywords: Ureteral obstruction, magnetic resonance, diffusion weighted imaging, doppler ultrasonography, renal

parenchyma

Introduction

Early, noninvasive and accurate diagnosis and
relief of acute ureteral obstruction due to renal
stones is important. As inadequate diagnosis
and management may lead to functional and
biochemical alterations in kidneys by decreas-
ing the renal blood flow and glomerular filtra-
tion rate, untreated cases may ultimately result
in irreversible renal damage [1, 2]. In daily prac-
tice the diagnosis of ureteral dilatation due to
renal stones can easily be made with ultraso-
nography (US), intravenous pyelography or co-
mputed tomography (CT). However the ability of
these modalities in demonstrating the obstruc-
tion in kidneys is limited. Since the determina-
tion of dilatation in renal collecting system and
ureter does not always reflect the obstruction
and also a non-dilated collecting system does
not exclude the presence of an obstruction.

Furthermore, intravenous pyelography and CT
require additional contrast material injection to
delineate the extent of obstruction and they are
the sources of ionizing radiation. Therefore,
doppler US and diffusion weighted (DW) mag-
netic resonance (MR) imaging may help in the
diagnosis of obstruction due to renal stones in
challenging cases by demonstrating the func-
tional alterations in kidneys as noninvasive
methods without contrast material administra-
tion or ionizing radiation. Intrarenal Doppler US
has been shown to have the potential of identi-
fying the acute renal obstruction by providing
physiologic information on renal parenchyma
[3, 4]. The arterial resistive index (RI) is the
most widely referenced measurement in this
manner, although there has been variety on its
sensitivity and specificity in the reported series
[3-7]. Diffusion-weighted (DW) magnetic reso-
nance (MR) imaging is also a noninvasive imag-
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ing technique that provides quantified informa-
tion on diffusion of water molecules within tis-
sues. Apparent diffusion coefficient (ADC)
maps provide quantitative analysis of DW imag-
ing with measuring the degree of diffusion.
When the diffusion of water molecules are
restricted, ADC value decreases. DW MR imag-
ing, is being used to yield functional data in
renal diseases in recent years [8-12], although
there is still limited reports on its use in acute
renal obstruction [9, 13, 14]. The purpose of
this study is to prospectively compare the effi-
cacy of Doppler US and DW MR imaging by
using quantitative markers in the determina-
tion of acute unilateral ureteral obstruction due
to renal stones. To our knowledge, no studies
combining Doppler US with DW MR imaging for
this purpose have been reported previously.

Materials and methods
Patient population

This prospective study was approved by the
institutional ethical board and written informed
consent was obtained from all participants.
Twenty-eight consecutive patients (six women,
22 men; mean age, 32.3 = 6.7 years [standard
deviation]; age range, 19-43) referred to our
emergency department due to acute unilateral
renal colic were studied between March 2013
and June 2013. In all patients, a unilateral ure-
teral calculus was diagnosed with US or unen-
hanced helical CT. The median time between
the onset of symptoms and radiologic work-up
was 26 hours (range, 11-72 hours). Initially
Doppler US was performed followed by MR
imaging on the same day before stone treat-
ment. A control group of 18 healthy volunteers
(five woman, 13 men; mean age, 29.2 + 6.9
years; age range, 18-40 years), without a his-
tory of renal or systemic disease underwent the
same Doppler US and MR imaging protocol.

All patients received a standard analgesic treat-
ment protocol for renal colic including a nonste-
roidal antiinfammatory drug (NSAID) (diclo-
phenac sodium [Voltaren, 75 mg intramuscu-
larly; Novartis Pharma, Stein AG, Switzerland].
In 12 patients NSAID treatment was combined
with an opioid derivative (fentanyl citrate
[Fentanyl 0.05 mg/ml, Janssen Pharmaceutica,
Belgium]).

The patients with acute renal colic due to uni-
lateral calculus diagnosed by US or unen-
hanced helical CT were included in the study.
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Exclusion criteria were previous renal stone
treatment, current or chronic parenchymal or
infectious renal disease, contraindication to
MR imaging and an incomplete MR examina-
tion (i.e., image distortion or artifacts). Blood
urea nitrogen (BUN) and serum creatinine val-
ues were obtained.

Doppler US techniques and image acquisition

Obstructed and contralateral unobstructed kid-
neys of the patients and healthy control sub-
jects were examined prospectively by conven-
tional gray-scale US and Doppler US. All US and
Doppler US examinations were performed with
high resolution US scanner (Aplio MX, Toshiba
Medical Systems, Tokyo, Japan) with a multifre-
quency 2-5 MHz convex transducer. The kid-
neys were examined with the patient in deep
inspiration and supine oblique position.

MR imaging techniques and image acquisition

All MR imaging examinations were performed
in 1.5 Tesla MR scanner (Magnetom Avanto
TIM, Siemens, Erlangen, Germany) with a 6
channel phased-array body matrix coil. MR
examinations included the MR urography and
DW MR images. The following imaging series
were obtained for MR urography images: (1)
coronal T2-weighted half-fourier rapid acquisi-
tion (HASTE); (2) coronal 3D T2-weighted respi-
ratory triggered ‘sampling perfection with appli-
cation optimized contrasts using different flip
angle evolution” (SPACE) sequence. Upon the
completion of the above mentioned protocol,
HASTE and SPACE images were converted by a
maximum intensity projection (MIP) technique
to the images that were similar to conventional
urographic images. For functional evaluation,
axial DW MR images (b = 0, and 150, 500, 900
sec/mm?) were obtained. In addition, axial
T1-weighted fast low angle shot (FLASH), in
phase and oppose phase gradient-echo imag-
es and axial HASTE images were obtained to
assess renal parenchyma. All patients and con-
trol subjects underwent the same imaging pro-
tocol. Imaging time was approximately 15 min.
Detailed image acquisition protocols are given
in the Appendix.

Doppler US image analysis

Doppler US images were prospectively reviewed
by an experienced radiologist (FNSB, with 10
years of renal Doppler US imaging experience).
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Figure 1. Right acute unilateral ureteral obstruction with mod-
erate dilatation of pelvicaliceal system due to a distal ureteral
stone in a 41-year-old man. A. Intrarenal Doppler spectrum
shows an increased RI (0.68) in obstructed kidney. B. Coronal
MIP image derived from the T2-SPACE MR urography images
shows right ureteral obstruction. C. ADC map image shows the
cortical and medullary ADC measurements from the right ob-
structed and unobstructed kidneys.
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Table 1. Doppler US imaging: comparison of
Rls

Rl mean + SD
Obstructed  Unobstructed

Patients 0.64+£0.04 0.59+0.03
P value* 0.001
Control subjects 0.61 + 0.02

P value** 0.008 0.005

P* values for obstructed versus unobstructed kidneys,
Paired Samples Test, P < 0.05; P** values for patients
versus control subjects. Student-t Test, P < 0.05.

The radiologist was blinded to clinical findings
except for the knowledge that each patient had
renal colic. The degree of pelvicalyceal dilata-
tion was subjectively graded as absent, mild,
moderate, or marked on grey-scale images.
Renal stones were also noted. At least five
Doppler spectra were obtained from more than
three regions (upper, middle and lower por-
tions). Doppler signals were obtained from
arcuate arteries at the corticomedullary junc-
tions and, or interlobar arteries along the bor-
der of the medullary pyramids (Figure 1A). The
Doppler waveforms were made using the opti-
mal pulse repetition frequency, the lowest pos-
sible wall filter and appropriate Doppler sample
width. The renal Rl was calculated as: (peak
systolic velocity-end diastolic velocity)/peak
systolic velocity.

MR image analysis

MR images were reviewed by the same radiolo-
gist (Radiologist FNSB, 9 years of renal MR
imaging experience) one week after Doppler US
in random order. The radiologist was blinded to
clinical and Doppler US findings of the patients.
Presence of pelvicaliceal dilatation (absent,
mild, moderate, or marked) and ureteral obs-
truction were noted (Figure 1B).

ADC maps were generated from DW MR images
automatically by the MR scanner and the DW
MR data were transferred to an independent
workstation (Leonardo console, software ver-
sion 2.0; Siemens AG Medical Solutions, For-
chheim, Germany). Three circular regions of
interest (ROIs) were placed for upper pole, mid-
pole, and lower pole of the cortex and medulla
on several sections covering entire kidney
(number of ROls: 9 for cortex and 9 for medul-
la; mean ROI size: 0.48 cm® + 0.02 for cortex
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and 0.47 cm?® £ 0.02 for medulla, Figure 1C).
The average ADC within each ROl was then cal-
culated. ADC values are expressed in square
millimeters per second.

Statistical analysis

Statistical calculations were performed on
Number Cruncher Statistical System 2007&-
Power Analysis and Sample Size 2008, Sta-
tistical Software (Utah, USA). Statistical analy-
sis was performed by using Paired Samples
Test for the comparison of the Rl and ADC val-
ues in obstructed and contralateral unobstruct-
ed kidneys in patients. Two-tailed unpaired
Student’s t test was used when comparing the
obstructed and unobstructed patients with vol-
unteers. The RI values were correlated with
ADC values in the obstructed, unobstructed
and control kidneys by using Spearman correla-
tion analysis. For all statistical tests, a p value
of less than 0.05 was considered to indicate a
statistically significant difference.

Results
Clinical and laboratory findings

The US, non-enhanced helical CT and MR urog-
raphy examinations identified 16 patients had
stones in the distal ureter and remaining 12
had stones in the proximal ureter. Nineteen of
the patients had ureteral stones in the right
side, and 9 had stones in the left side. Nine of
the patients had mild, 6 had moderate and
remaining 13 of them had marked pelvicalyceal
dilatation due to the stones. The contralateral
ureter was normal in all patients. Two patients
also had stones in the ipsilateral kidney and
one had stones in both kidneys. The median
blood urea nitrogen (BUN) level was 13.03 mg/
dL (range 4.3-22.2 mg/dL) and creatinine level
was 0.86 mg/dL (range 0.52-1.7).

Doppler US findings

Table 1 summarizes the RI values and the dif-
ference between obtructed, contralateral unob-
structed and control kidneys. The mean RI in
the 28 obstructed kidneys (0.64 + 0.04) was
significantly higher than the mean RI in 28
unobstructed kidneys (0.59 + 0.03, P: 0. 001)
and the mean Rl in 36 control kidneys (0.61 +
0.02, P: 0.008).

Int J Clin Exp Med 2015;8(2):2719-2726



Diffusion-weighted MR imaging and Doppler ultrasonography

DW MR imaging findings

Table 2 summarizes the ADC values in obstruct-
ed, contralateral unobstructed and control kid-
neys. The ADC of obstructed kidneys in the cor-
tex (190 + 9 x 10° mm?/sec) was significantly
lower than the ADC of the unobstructed kidneys
(197 + 8 x 10° mm?/sec, (P: 0.01). The ADC
measurement yielded no significant difference
in the medulla. Similarly, there was no signifi-
cant difference between obstructed kidneys
and control subjects regarding cortex and
medulla. The comparison of the ADC between
unobstructed kidneys and control subjects
showed a statistically significant increase in
the cortex of unobstructed kidneys (197 + 8 x
10 mm?/sec for unobstructed kidneys and
187 + 9 x 10°°mm?/sec for control subjects, P:
0.001) and a slight nonsignificant increase in
the medulla.

Discussion

The results of our study showed that the mean
RI of obstructed kidneys was significantly high-
er than the mean RI of unobstructed kidneys
and of control subjects. Doppler US provides
physiologic data of the renal parenchyma
regarding the evaluation of intrarenal arterial
resistance [3]. RI, as the main quantitative indi-
cator of intrarenal arterial resistance, has been
shown to have variable values (0.62-0.73) in
different series investigating renal parenchyma
in acute unilateral obstruction [4, 15-17]. It has
been stated that this may be caused by a num-
ber of influences such as the degree and the
duration of obstruction, age, hypotension, de-
creased heart rate and other nephropathies [3,
17-21]. Despite the variations in the reported RI
values in acute renal obstruction, kidneys with
acute obstruction showed significant increase
in Rl compared with unobstructed kidneys and/
or control group [4, 15-17]. Our results are con-
sistent with the literature suggesting that Rl is
a valuable parameter in the evaluation of acute
renal obstruction showing significantly higher
values in obstructed kidneys compared with
unobstructed kidneys and control subjects
respectively. The significantly higher RI values
in obstructed kidneys may be explained by the
increase in intrarenal arterial resistance during
acute obstruction.

The current study also showed that ADC was
significantly lower in the cortex of obstructed
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kidneys compared with unobstructed kidneys
(P < 0.05). In the medulla no significant differ-
ence was detected in ADC between the groups.
There has been studies searching the role of
DW MR imaging in the evaluation of renal func-
tions in different parenchymal diseases [14,
22-24]. However, the studies yielding DW MR
imaging in acute unilateral renal obstruction
are still limited. Thoeny et al. performed DW MR
imaging calculating the diffusion and perfusion
contributions to the total ADC value by the
acquisition of multiple b values in patients with
acute unilateral ureteral obstruction [9]. Since
we applied only four diffusion gradients, our
ADC value were considered to reflect a combi-
nation of both diffusion and perfusion contribu-
tions so it may be comparable with their total
ADC value. Although the investigators stated
that no significant differences were observed
between the total ADC of the cortex or medulla
of the obstructed and unobstructed kidneys,
ADC in the cortex was still slightly decreased in
the obstructed kidneys. However, in our study,
the decrease in ADC value in the cortex were
statistically significant in obstructed kidneys
compared to unobstructed group. It is known
that the restriction of free movement of water
molecules in both the extracellular and intracel-
lular space leads to a decrease in ADC value.
The increased hydrostatic pressure in glomeruli
may lead to decreased ADC value in the
obstructed kidneys. The lower ADC measure-
ments in the cortex may be used as a quantita-
tive marker in acutely obstructed kidneys indi-
cating a functional alteration.

In our study, no significant correlation was
found between RI and ADC values for all three
groups. However, when Rl and ADC values in
obstructed and unobstructed kidneys were
compared separarately, a significant increase
in RI and a significant decrease in ADC value in
the cortex of the obstructed kidneys were
found. In addition, when unobstructed and con-
trol kidneys were compared regarding Rl and
ADC values, a significant difference was found.
The RI was significantly lower in unobstructed
kidneys compared to normal subjects while the
ADC was significantly higher in unobstructed
Kidneys compared to normal kidneys. This may
be attributed to compensatory mechanisms in
contralateral kidneys increasing renal functions
by decreasing intraarterial resistance or medi-
cation effects caused by NSAIDs received only
by the patient group. NSAIDs which inhibit pros-
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Table 2. DW MR imaging: comparison of ADCs

cooperation of the patients are

ADC (x 10° mm?/sec) mean + SD

essential for obtaining accurate

results. MR imaging on the other

Cortex Medulla hand. i p bi
Obstructed Unobstructed Obstructed Unobstructed 0223 ’fcl)sr tahr:a ur:’i?ergt:rszther:r:;
Patients 190+ 9 197 + 8 172+ 8 172+ 1 . P .
P value* 0.014 0.767 colic and the method is not cost-
vaiue ; : effective compared to Doppler
Control subjects 187+ 9 169+ 9 US. Furthermore. ADC measure-
P value** 0.172 0.001 0.266

0.212 ment in renal parencyma is time

P* values for obstructed versus unobstructed kidneys, Paired Samples Test, P <
0.05; P** values for patients versus control subjects. Student-t Test, P < 0.05.

toglandin synthesis can cause this effect by
decreasing intracapillary pressure [9]. The
compensatory and pharmaceutical effects on
renal Rl and ADC in contralateral kidneys merit
futher investigation. Regarding obstructed kid-
neys a significant difference was detected com-
pared to control kidneys in only Rl values which
were significantly higher in obstructed kidneys.

Our study has several limitations: (1) The pres-
ence of ureteral dilatation was only evaluated
by non-contrast MR urography. Additional con-
trast-enhanced MR urograhy or intravenous
urography were not performed due to the limit-
ed time, risk of contrast reaction and nephro-
toxicity. In addition, these procedures were rel-
atively invasive with additional radiation expo-
sure in IVP. Scintigraphy was not performed
due to the similar reasons. (2) There was a rela-
tive small number of patients. (3) A comparison
of the quantitative measurements between
before and after treatment was not made as
the measurements of the control group were
already obtained. We thought that posttreat-
ment measurements could be replaced by con-
trol values. However the evaluation of the post-
treatment results might ultimately determine
the value of these methods in the diagnosis of
ureteral obstruction. (4) The pharmaceutical
effects could not be excluded since all patients
received medication before the examinations.
(5) We did not separate the diffusion and perfu-
sion contributions to ADC values since it needs
the application of several diffusion gradients
which is not employed in our MR scanner.

In practice Doppler US is a reliable and feasible
technique for the diagnostic evaluation of acute
unilateral ureteral obstruction. However, it is
user dependent and the quantitative measure-
ments may not be standardized. Besides, the
utilization of an appropriate technique and the
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consuming because it requires
multiple ROI drawings. We think
that Doppler US may be per-
formed in renal colic patients requiring an
urgent management during daily practice.

In conclusion, our results suggest that by using
quantitative markers, both Doppler US and DW
MR images may provide accurate and noninva-
sive diagnosis of acute unilateral obstruction
due to renal stones. Doppler US may be pre-
ferred in the evaluation of acute ureteral
obstruction as it is a more practical technique
compared to DW MR imaging.

Acknowledgements

The scientific guarantor of this publication is
Fatma Nur Soylu Boy. The authors of this manu-
script declare no relationships with any compa-
nies, whose products or services may be relat-
ed to the subject matter of the article. The
authors state that this work has not received
any funding. Emire Bor (statistical specialist)
kindly provided statistical advice for the study.
Written informed consent was obtained from
all subjects in this study. Animal subjects were
not included in the study. Methodology: pro-
spective, diagnostic or prognostic study, per-
formed at one institution.

Disclosure of conflict of interest

None.

Abbreviations

US, ultrasonography; CT, computed tomogra-
phy; MR, magnetic resonance; DW, diffusion
weighted; RI, resistive index; ADC, apparent dif-
fusion coefficient; NSAID, nonsteroidal antiin-
flammatory drug; HASTE, half-fourier rapid
acquisition; SPACE, sampling perfection with
application optimized contrasts using different
flip angle evolution; MIP, maximum intensity
projection; BUN, blood urea nitrogen.

Int J Clin Exp Med 2015;8(2):2719-2726



Diffusion-weighted MR imaging and Doppler ultrasonography

Address correspondence to: Dr. Fatma Nur Soylu
Boy, Fatih Sultan Mehmet Egitim ve Arastirma Ha-
stanesi, E-5 Karayolu Uzeri, Atasehir, Istanbul
34752, Turkey. Tel: 00902165783000/3233; Fax:
00902165750406; E-mail: nursoylu@yahoo.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

Mark L Zeidel. Chapter 125. Obstructive Uro-
pathy. In: Lee Goldman and Andrew | Schafer,
editors. Goldman’s Cecil Medicine. 24th edi-
tion. Elsevier; 2012.

Wood K, Keys T, Mufarrij P, Assimos DG. Impact
of stone removal on renal function: a review.
Rev Urol 2011; 13: 73-89.

Platt JF. Duplex Doppler evaluation of native
kidney dysfunction: obstructive and nonob-
structive disease. AJR Am J Roentgenol 1992;
158: 1035-42.

Shokeir AA, Abdulmaaboud M. Resistive index
in renal colic: a prospective study. BJU Int
1999; 83: 378-82.

Platt JF, Ellis JH, Rubin JM. Role of renal Do-
ppler imaging in the evaluation of acute renal
obstruction. AJR Am J Roentgenol 1995; 164:
379-80.

de Toledo LS, Martinez-Berganza Asensio T,
Cozcolluela Cabrejas R, de Gregorio Ariza MA,
Pardina Cortina P, Ripa Saldias L. Doppler-
duplex ultrasound in renal colic. Eur J Radiol
1996; 23: 143-8.

Granata A, Andrulli S, Bigi MQ, Pozzoni P,
Fiorini F, Logias F, Figuera M, Basile A, Fiore
CE. Predictive role of duplex Doppler ultraso-
nography in the diagnosis of acute renal ob-
struction in patients with unilateral renal colic.
Clin Nephrol 2009; 71: 680-6.

Thoeny HC, De Keyzer F. Diffusion-weighted
MR imaging of native and transplanted kid-
neys. Radiology 2011; 259: 25-38.

Thoeny HC, Binser T, Roth B, Kessler TM,
Vermathen P. Noninvasive assessment of ac-
ute ureteral obstruction with diffusion-weight-
ed MR imaging: a prospective study. Radiology
2009; 252: 721-8.

Giannarini G, Kessler TM, Roth B, Vermathen
P, Thoeny HC. Functional Multiparametric Ma-
gnetic Resonance Imaging of the Kidneys
Using Blood Oxygen Level-Dependent and Dif-
fusion-Weighted Sequences: a Reliable Tool for
Monitoring Acute Upper Urinary Tract Obs-
truction. J Urol 2014; 192: 434-9.

Zhang JL, Rusinek H, Chandarana H, Lee VS.
Functional MRI of the kidneys. J Magn Reson
Imaging 2013; 37: 282-93.

Ries M, Basseau F, Tyndal B, Jones R, De-
miniere C, Catargi B, Combe C, Moonen CW,
Grenier N. Renal diffusion and BOLD MRI in
experimental diabetic nephropathy: blood oxy-
gen level-dependent. J Magn Reson Imaging
2003; 17: 104-113.

2725

(13]

(15]

(16]

(17]

[20]

(21]

[22]

(23]

(24]

Pedersen M, Wen JG, ShiY, Beigi N, Christensen
TB, Stagdkilde-Jgrgensen H, Frgkiaer J. The ef-
fect of unilateral ureteral obstruction on renal
function in pigs measured by diffusionweight-
ed MRI. APMIS Suppl 2003; 109: 29-34.
Thoeny HC, De Keyzer F, Oyen RH, Peeters RR.
Diffusion-weighted MR imaging of kidneys in
healthy volunteers and patients with parenchy-
mal diseases: initial experience. Radiology
2005; 235: 911-917.

Haroun A. Duplex Doppler sonography in pa-
tients with acute renal colic: prospective study
and literature review. Int Urol Nephrol 2003;
35: 135-40.

Pepe P, Motta L, Pennisi M, Aragona F. Fun-
ctional evaluation of the urinary tract by color-
Doppler ultrasonography (CDU) in 100 pati-
ents with renal colic. Eur J Radiol 2005; 53:
131-5.

Oktar SO, Yucel C, Ozdemir H, Karaosmanoglu
D. Doppler sonography of renal obstruction:
value of venous impedance index measure-
ments. J Ultrasound Med 2004; 23: 929-36.
Cronan JJ, Tublin ME. Role of the resistive in-
dex in the evaluation of acute renal obstruc-
tion. AJR Am J Roentgenol 1995; 164: 377-8.
Kmetec A, Peskar-Babnik D, Buturovic-Pon-
ikvar J. Time-dependent changes of resistive
index in acute renal obstruction during nonste-
roidal drug administration. BJU Int 2002; 89:
847-850.

Shokeir AA, Mahran MR, Abdulmaaboud M.
Renal colic in pregnant women: role of renal
resistive index. Urology 2000; 55: 344-347.
Platt J, Rubin J, Ellis J. Diabetic nephropathy:
evaluation with renal duplex Doppler US.
Radiology 1994; 190: 343-346.

Chandarana H, Lee VS. Renal functional MRI:
Are we ready for clinical application? AJR Am J
Roentgenol 2009; 192: 1550-7.

Namimoto T, Yamashita Y, Mitsuzaki K, Na-
kayama Y, Tang Y, Takahashi M. Measurement
of the apparent diffusion coefficient in diffuse
renal disease by diffusion-weighted echo-pla-
nar MR imaging. J Magn Reson Imaging 1999;
9: 832-837.

Xu Y, Wang X, Jiang X. Relationship between
the renal apparent diffusion coefficient and
glomerular filtration rate: preliminary experi-
ence. J Magn Reson Imaging 2007; 26: 678-
681.

Int J Clin Exp Med 2015;8(2):2719-2726



Diffusion-weighted MR imaging and Doppler ultrasonography

Appendix
Siemens MR scanner protocol

An effective sensitivity encoding (GRAPPA, parallel imaging) factor of two was used in all sequences.
The coronal T2-weighted HASTE imaging parameters were as follows: axial resolution, 1.7 x 1.4 mm;
section thickness, 4 mm; intersection gap, 0.9 mm; repetition time msec/echo time msec, 11.9/95; flip
angle, 90°; matrix, 256 x 256; field of view, 30-35 cm; bandwidth, 440 Hz per pixel, number of signals
acquired, one. The coronal 3D T2-weighted SPACE imaging parameters were as follows: axial resolution,
1.4 x 1.3 mm; section thickness, 1.5 mm; repetition time msec/echo time msec, 1620/697; flip angle,
140°, turbo factor of 14, matrix, 320 x 320; field of view, 30-35 cm; bandwidth, 372 Hz per pixel, num-
ber of signals acquired, 1.5.

The axial DW MR imaging parameters were as follows: axial resolution, 2.2 x 2.2 mm; section thickness,
5 mm; intersection gap, 0 mm; repetition time msec/echo time msec; 4000-4700/80-90 ms; flip angle,
55°; matrix, 256 x 256; field of view, 30-35 cm; bandwidth, 1634 Hz per pixel, number of signals
acquired, six. The axial T1-weighted fast low angle shot in phase and oppose phase gradient-echo imag-
ing parameters were as follows: axial resolution, 1.7 x 1.3 mm; section thickness, 4 mm; intersection
gap, 1.0 mm; repetition time msec/echo time msec; 165/2.26 (TE1), 4.92 (TE2); flip angle, 70°; matrix,
256 x 256; field of view, 30-35 cm; bandwidth, 400 Hz per pixel, number of signals acquired, one. The
axial T2-weighted HASTE imaging parameters were as follows: axial resolution, 1.5 x 1.3 mm; section
thickness, 4 mm; repetition time msec/echo time msec, 1000/88; flip angle, 136°; matrix, 256 x 256;
field of view, 30-35 cm; bandwidth, 501 Hz per pixel, number of signals acquired, one.
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