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Abstract To evaluate kidney perfusion and diVusion in
patients with systemic lupus erythematosus (SLE) and
deWne any correlation between laboratory features of renal
involvement and apparent diVusion coeYcients (ADCs).
We studied 35 patients with SLE and 30 healthy volunteers.
Ten of the patients were diagnosed as having lupus nephri-
tis. Transverse diVusion-weighted multisection echo-planar
magnetic resonance imaging was created with the follow-
ing diVusion gradient b values: 0, 111, 222, 333, 444, 556,
667, 778, 889, and 1,000 s/mm2. Statistical analyses to
compare ADCs of kidneys between patients in the study
and control groups were done with the independent sample
t test. The Pearson correlation analysis was used to evaluate
the relation between the renal function variables and the
ADCs. There was statistically signiWcant diVerence
between the ADClow values and the urine protein levels
(P < 0.05) in the patients with SLE. Also, there was a signiW-
cant correlation between the duration of nephritis and urine
protein levels in the patients with SLE (P < 0.01). There
was no statistically signiWcant diVerences regarding ADCs,
serum creatinine levels, and GFRs among patients with

SLE and controls. Our patients had mild SLE and this
might be the reason that no statistically signiWcant diVer-
ences were found between ADCs, and laboratory features
of renal involvement among patients with SLE and con-
trols. Larger series and more diVusion experience may be
valuable for future studies.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune
rheumatic disease involving multiple organ systems.
Nephritis is the most signiWcant feature of SLE because
kidney damage is a major threat to long-term survival [1].
DiVusion-weighted magnetic resonance imaging is used to
show molecular diVusion, which is the Brownian motion of
the spins in biologic tissues [2]. The apparent diVusion
coeYcient (ADC), a quantitative variable calculated from
diVusion-weighted magnetic resonance images, combines
the eVects of capillary perfusion and water diVusion in the
extracellular extravascular space [3]. Thoeny and associates
[4] presented the feasibility and reproducibility of diVu-
sion-weighted magnetic resonance imaging of kidneys in
healthy volunteers and those with renal abnormalities.

The aim of this preliminary report was to evaluate
kidney perfusion and diVusion in patients with SLE and
deWne any correlation between laboratory features of renal
involvement, glomerular Wltration rates (GFR), 24-h urine
protein levels, serum creatinine levels, and ADCs and to
deWne if this noninvasive technique might give information
about renal damage in SLE in early period of the disease.

E. Karadeli (&) · E. M. K. Ulu · E. Yildirim
Department of Radiology, 
Baskent University Faculty of Medicine, 
Fevzi Cakmak cad. No: 45, Bahcelievler, 
06490 Ankara, Turkey
e-mail: elifkaradeli@gmail.com

S. Yilmaz
Department of Rheumatology, 
Konya Educational and Research Hospital, 
Aokan mah. Meram Yeniyol cad, Konya, Turkey
123



1178 Rheumatol Int (2010) 30:1177–1181
Methods

We studied 41 patients with SLE. Nine patients were
excluded because they had diabetes mellitus, hypertension,
heart disease, and other renal diseases. The study group
consists of 35 patients (mean age, 36.9 years; age range,
17–57 years; mean duration of disease, 41 months; range,
1–180 months) and 30 healthy volunteers. The patients
with SLE diagnosed according to the American College of
Rheumatology criteria for SLE (1997). Ten of the patients
were diagnosed as having lupus nephritis as clinically. But
none of our patients had renal biopsy, because it was not
clinically indicated. The duration of the lupus nephritis
ranged from 6 to 84 months. GFR was calculated by
Cockcroft-Gault formula. The age of controls was matched
with the age of study group.

Renal diVusion magnetic resonance imaging was per-
formed using a magnet operating at 1.5-T MR (Philips
Gyroscan, Intera, Holland) with a body coil.

Transverse diVusion-weighted multisection echo-planar
magnetic resonance imaging was created with the follow-
ing diVusion gradient b values: 0, 111, 222, 333, 444, 556,

667, 778, 889, and 1,000 s/mm2. The following parameters
were used for this sequence: parallel imaging reduction fac-
tor of 2, 3100/74; section thickness, 5 mm; intersection gap,
1 mm; Xip angle, 75°; next, 1; matrix size, 128 £ 128; Weld
of view, 380 mm £ 380 mm; and rectangular Weld of view,
100. Fat saturation was used to avoid chemical shift arti-
facts. The whole sequence consisted of 20 sections, with an
acquisition time of 2 min 22 s. ADC maps were calculated
automatically with the magnetic resonance system. Total
pixel area was between 90 and 110 mm2.

In the transverse ADC map, rectangular regions of inter-
est were placed in the cortex on three parts (upper, middle,
and lower poles) in each kidney. ADCs of the kidneys were
calculated separately for the low (ADClow; b = 0, 111, 222,
and 333 s/mm2), avarage (ADCavg; b = 444, 556, 667 s/mm2),
and high (ADChigh; b = 778, 889, and 1,000 s/mm2)
b values to allow diVerentiation between the relative inXu-
ence of the perfusion fraction and the true diVusion.
ADChigh shows almost only diVusion, whereas ADClow is
composed of both diVusion and perfusion [2]. One radiolo-
gist blinded to the study results calculated the ADCs of
each kidney in patients with SLE and volunteers (Figs. 1, 2).

Fig. 1 Transverse ADC maps calculated from the echo-planar DW MR images with b values between 0 and 1,000 s/mm2 at the midpole of the
kidney in a 24-year-old female patient with SLE. a ADClow map, b ADCavg map, c ADChigh, and d diVusion-weighted
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In addition, we evaluated the kidneys morphologically with
the conventional MR images and excluded other patholo-
gies such as cysts, focal scars, or mild hydronephrosis.

The ADCs (low, average, and high) of 130 kidneys were
compared, and the relation between glomerular Wltration
rates (GFRs), 24-h urine protein levels (mg/24 h), serum
creatinine levels (mg/dL), and ADCs were calculated. Sta-
tistical analyses to compare ADCs of kidneys between
patients in the study and control groups were done with the
independent sample t test. The Pearson product moment
correlation analysis was used to evaluate the relation
between the renal function variables (i.e., GFR, urine pro-
tein values, creatinine values, and duration of nephritis) and
the ADCs. The Local Ethical Committee approved the
study protocol, and written informed consent was obtained
from all subjects before the study initiation.

Results

Table 1 shows the mean values of the diVerent variables in
the patients with SLE and controls. There were no statisti-
cally signiWcant diVerences regarding ADCs, serum creati-
nine levels, and GFRs among the patients with SLE and
controls. The only statistically signiWcant diVerence
between the patients with SLE and controls was based on
the urine protein levels, which were higher in the patients
with SLE (P < 0.01).

There was statistically signiWcant diVerence between the
ADClow values (both right and left) and the urine protein
levels (P < 0.05) in the patients with SLE. If the urine
protein levels increased, right ADClow and left ADClow

values decreased in the patients with SLE. There was no

signiWcant correlation between creatinine values and GFRs
and ADCs. In addition, there was a signiWcant positive cor-
relation between the values for right ADClow, right
ADChigh, and the right ADCavg, and between the left
ADClow, left ADChigh, and the left ADCavg (P < 0.001).
There were statistically signiWcant diVerences between cre-
atinine levels and GFRs (P < 0.01) and between the dura-
tion of nephritis and the GFRs in the patients with SLE
(P < 0.05). Also, there was a signiWcant correlation
between the duration of nephritis and urine protein levels in
the patients with SLE (P < 0.01).

Discussion

Renal disease is one of the most signiWcant causes of mor-
bidity and mortality in patients with SLE. Glomerulone-
phritis is a major determinant of the course and prognosis
of SLE [5]. Clinical and serologic indicators of renal
involvement are proteinuria; active urinary sediment (i.e.,
pyuria, hematuria, or red cell casts in the absence of infec-
tion or other cause); accelerated hypertension; increased
serum creatinine levels; decreased GFR, serum albumin, or
C3 or C4 levels; increased anti-dsDNA antibody levels, and
positive results on renal biopsy [6].

DiVusion-weighted magnetic resonance imaging is an
established method routinely used to diagnose acute stroke.
DiVusion-weighted magnetic resonance imaging of the kid-
neys gives information on renal function and the presence
and degree of obstruction or inXammation. Fukuda and
associates [7] showed decreased ADCs in patients with
high serum creatinine levels when compared with those of
normal values. In pigs with renal artery stenosis or ureteral
obstruction, Müller and associates [8] observed a decrease
in ADC. Similar Wndings were conWrmed by Thoeny and

Fig. 2 Rectangular region of interest (ROI) was placed in the cortex.
ROI shows ADC value that is 2.22 § 1.24 £ 10¡3 mm2/s

Table 1 Mean values of the diVerent variables in patients with SLE
and controls (independent samples t test)

SLE systemic lupus erythematosus, ADC apparent diVusion coeY-
cient, GFR glomerular Wltration rate

SLE Control group P value

Group statistics

R ADClow (£10¡3 mm2/s) 2.41 § 3.02 2.43 § 2.86 0.640

R ADCavg (£10¡3 mm2/s) 1.96 § 1.67 2.05 § 2.12 0.063

R ADChigh (£10¡3 mm2/s) 2.07 § 2.11 2.12 § 1.68 0.330

L ADClow (£10¡3 mm2/s) 2.35 § 2.92 2.37 § 2.56 0.670

L ADCavg (£10¡3 mm2/s) 1.91 § 1.42 1.99 § 1.28 0.030

L ADChigh (£10¡3 mm2/s) 2.05 § 1.95 2.07 § 1.58 0.677

GFR (mL/min) 98.3 § 21.3 115.5 § 68.6 0.192

Proteinuria (mg/24 h) 157.8 § 252.5 26.1 § 21.3 0.004

Creatinine (mg/dL) 0.82 § 0.12 0.81 § 0.09 0.775
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associates in three human patients with ureteral obstruction.
In a patient with acute pyelonephritis, Thoeny and associates
[4] showed lower ADCs in the cortex and the medulla when
compared with the normal kidney; this corresponds to
zones of inXammation involving the papilla and the cortex.
Namimoto and associates [9] reported that the cortexes of
kidneys with renal artery stenosis had lower ADCs than
those of the contralateral kidneys. Reduced blood perfu-
sion, particularly in the cortex, may have caused this result.
Yildirim previously reported a signiWcant correlation
between degree of stenosis and all ADCs, and that ADCs
were lower in kidneys with renal artery stenosis than they
were in the contralateral kidney [10].

To the best of our knowledge, our investigation is the
Wrst preliminary diVusion-weighted magnetic resonance
imaging study to evaluate perfusion and diVusion of the
kidneys in patients with SLE and healthy volunteers.
Because of low creatinine levels and high GFRs, our
patients were considered to have mild SLE. We found no
statistically signiWcant diVerence of ADCs, serum creati-
nine levels, GFRs between patients with SLE and controls.
Thoeny and associates showed that when patients with
renal failure were divided into two groups according to
serum creatinine level (an arbitrary threshold of 2.5 mg/dL
was used), that patients with levels lower than 2.5 mg/dL
had lower ADC values (except the ADC high in medulla)
than did controls. ADC values (except for the ADChigh in
the medulla) were signiWcantly higher in patients with cre-
atinine levels greater than 2.5 mg/dL than the threshold
than they were in controls [4]. The low serum creatinine
levels in patients and controls demonstrate an overlap of the
ADCs for the kidneys in the Thoeny study and our study.

GFR is the best indicator of the level of kidney function
[11, 12]. The GFR must decline to about one half of its nor-
mal level before the serum creatinine concentration rises
above the upper limit of normal. National Kidney Founda-
tion deWnition of chronic kidney disease includes a GFR
below 60 mL/min for 3 months or more. Minor elevations
in serum creatinine concentration may represent a substan-
tial reduction in GFR. Thus, using only serum creatinine as
the measure of kidney function, it is diYcult to estimate the
level of kidney function and to detect the early stages of
chronic kidney disease [12].

In our preliminary study, there was no signiWcant corre-
lation between GFRs and ADCs. A statistically signiWcant
diVerence was found between creatinine level and GFR
(P < 0.01) and between the duration of nephritis and GFR
(P < 0.05). The highest creatinine level found in our
patients with SLE was 1.1 mg/dL, which may have been
related to the fact that there was no signiWcant correlation
between creatinine values and ADCs or between GFRs and
ADCs. In addition, GFRs greater than 56 mL/min might
have contributed to these results.

We found a statistically signiWcant diVerence between
values for right and left ADClow and urine protein levels
(P < 0.05) in patients with SLE. In addition, there was sig-
niWcant correlation between the duration of nephritis and
the urine protein levels in patients with SLE (P < 0.01). In
our patients with SLE, if urine protein levels increased, the
values for right ADClow and left ADClow decreased. In our
patients, the highest proteinuria level was 1,495 mg/dL and
the lowest level was 24 mg/dL. This strong relation
between the values for ADClow and the urine protein levels
may show that values for ADClow are more sensitive than
values for ADChigh or ADCavg when evaluating kidney
involvement in patients with SLE, and values for ADClow,
which give information on both perfusion and diVusion,
may change Wrstly than other ADC values. This might help
demonstrate of initially period of kidney involvement in
patients with SLE had normal serum creatinine levels and
normal GFRs but with proteinuria which may be more
important than serum creatinine levels and GFR levels.

There was a signiWcant positive correlation between the
right values for ADClow, right ADChigh, and right ADCavg

and between values for left ADClow, left ADChigh, and left
ADCavg (P < 0.001). These results show a concordance
between measurements of the right and left kidneys in the
patients with SLE.

There are limitations of our study. First, the number of
patients studied was small. According to renal function
parameters, our patients had mild SLE. This might have
been the reason that no statistically signiWcant diVerences
were found regarding ADCs, serum creatinine levels, and
GFRs among patients with SLE and controls. In addition,
only conWrmation of renal lupus was proteinuria in our
study.

This preliminary study reports our initial experience.
Larger series and more diVusion experience may be valuable
for future studies using diVusion-weighted magnetic reso-
nance imaging to evaluate kidney involvement in patients
with SLE.
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