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Abstract

Purpose: The purpose of this study was to evaluate the
utility of intravoxel incoherent motion diffusion-
weighted imaging (IVIM DWI) parameters in identifying
early renal function changes in diabetics.
Methods: A total of 40 patients with type 2 diabetes
mellitus and 20 healthy control subjects underwent
multiple b value DWI. The diabetic patients were strat-
ified into two groups based on albuminuria category:
NAU (normal to mildly increased albuminuria;
ACR < 30 mg/g) and MAU (moderately increased albu-
minuria; 30 £ ACR < 300 mg/g). The mean cortical and
medullary IVIM parameters (D, D*, f, and ADC) were
calculated and compared among the different groups, and
the correlation of ACR and eGFR was also calculated.
Results: The present study revealed the limited water
molecule diffusion and hyperperfusion of renal cortex
and medulla in diabetic patients before proteinuria
detection. Mean cortical and medullary D values nega-
tively correlated with the ACR values in diabetics with
30 £ ACR < 300 mg/g, whereas no correlation was
found between ACR values and other IVIM parameters.
Conclusion: IVIM DWI might be helpful in noninva-
sively identifying early-stage DN. The IVIM parametric
values are more sensitive than the ACR in detecting
early-stage kidney changes.
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Diabetic nephropathy (DN) is the leading cause of
chronic renal disease [1]. It is also one of the most sig-
nificant long-term complications in terms of morbidity
and mortality for diabetic patients. Primary prevention
of DN is feasible if it can be identified and treated in its
early stage. Albuminuria has been used as the first clin-
ical indicator of DN in real practice [2]. However, its
accuracy, sensitivity, and specificity are still controversial
[3–5]. Renal biopsy currently remains the diagnostic gold
standard for DN. However, it is an invasive procedure
and has to consider the observing and sampling errors
[6]. Biopsy is rarely performed for ethical reasons either.
Thus, developing a new noninvasive modality to allow an
early identification of DN is a task of great importance
for an efficacious management of DN.

DN is associated with structural and hemodynamic
changes in its early stage [7]. However, functional dam-
age often precedes anatomical abnormality. The in-
travoxel incoherent motion diffusion-weighted imaging
(IVIM DWI) can separate the estimation of tissue
pseudodiffusion and diffusivity of protons in abdominal
organs [8]. Several studies have demonstrated the utility
of IVIM DWI in many kidney diseases [9–13]. The IVIM
parameter changes were assessed in the renal cortex and
medulla with the progression of unilateral ureter
obstruction (UUO) and correlated with the histopatho-
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logical alterations using a well-established rat model of
UUO [13]. IVIM DWI is believed to have a great
potential in the noninvasive assessment of renal fibrosis
induced by UUO. However, it is unclear whether IVIM
parameters could identify the early presence of DN in
diabetic patients and contribute to the early diagnosis of
DN.

Therefore, the objective of this study was to explore
the feasibility of IVIM parameters to identify early
changes in renal diffusion and perfusion in diabetic pa-
tients.

Methods

Ethics statement

This study was approved by the ethics committee of our
Hospital. Each subject provided written informed con-
sent prior to participation. All methods were performed
in accordance with the Ethical Guidelines for Medical
and Health Research Involving Human Subjects.

Subjects

A total of 44 patients with confirmed type 2 diabetes
mellitus (T2DM) were enrolled from the in-patient
department of endocrinology in the our Hospital be-
tween August 2014 and December 2016. Our volunteers
were fasting for 4 h before the examination, and 3 h of
relative water prohibition (no more than 300 ml of water
was drinkable within 3 h of the test). The diagnosis of
T2DM was based on the established criteria according to
the American Diabetes Association recommendations
[14]. Detailed information about family history, clinical
symptoms, and complications was collected. Laboratory
tests including urine albumin concentration, urine crea-
tinine, and blood creatinine were performed. The ACR
and eGFR were then calculated [15, 16]. The exclusion
criteria were as follows: (1) primary hypertension before
or when diagnosed with T2DM; (2) presence of other
kidney diseases; (3) other severe systemic or organic
diseases; (4) intolerance to magnetic resonance imaging
(MRI) examination; and (5) age less than 20 years or
more than 80 years. In addition to the aforementioned
criteria, four patients were excluded from the data
analysis because of multiple renal cysts (n = 2), exces-
sive motion during MRI (n = 1), and massive hepatic
cyst compressing the kidney (n = 1).

The 40 patients with T2DM were eventually divided
into two groups based on albuminuria category [17]: the
NAU group (normal to mildly increased albuminuria;
ACR < 30 mg/g) and MAU group (moderately in-
creased albuminuria; ACR = 30–300 mg/g). The NAU
group consisted of 20 patients, 12 males and 8 females,
aged 35–78 years, with a median age of
52.40 ± 8.73 years. The MAU group consisted of 20

patients, 7 males and 13 females, aged 29–78 years, with
a median age of 53.65 ± 12.14 years.

A group of 20 sex- and age-matched individuals (6
men and 14 women; mean age, 54.3 ± 6.9 years; range
39–65 years) from the check-up center in our Hospital
were enrolled as control subjects. The subjects had no
renal or renal vascular diseases or hypertension. All
controls had normal serum creatinine levels, and they
showed no morphological abnormalities in both kidneys
on conventional MRI.

MRI protocols

MRI examinations of both kidneys were performed on a
3.0-T MRI system (MR750, GE Healthcare, WI, USA)
with an eight-channel body array coil. Conventional
MRI and IVIM DWI with 11 b values were performed
on the coronal plane.

Conventional MRI sequences included T1-weighted
gradient echo (TR/TE, 3.7 ms/1.1 ms; matrix size,
256 9 200; field of view, 40 9 40 cm [2]; number of
excitation, 0.69; slice thickness, 6.0 mm; gap, 3.0 mm),
T2-weighted imaging with fat-saturated fast recovery fast
spin echo (FRFSE/Prop) with respiratory triggering
(TR/TE, 6000 ms/73.9 ms; matrix size, 320 9 320; field
of view, 40 9 40 cm2; number of excitation, 2.5; slice
thickness, 5 mm; gap, 1.0 mm).

The IVIM DWI was acquired using respiratory trig-
gering spin echo–echo planar imaging with the following
parameters: slice thickness, 5 mm; gap, 1.5 mm; TR/TE,
4247 ms/93 ms; matrix size, 128 9 160; field of view,
40 9 40 cm2; number of excitation, 1; and 11 b values
(b = 0, 30, 50, 80, 100, 150, 200, 300, 500, 800, and
1000 s/mm2). The b values were chosen to cover both the
molecular diffusion decay (b ‡ 200 s/mm2) and initial
pseudodiffusion decay (b < 200 s/mm2). Total acquisi-
tion time was about 4 min and 40 s.

Data analysis

According to the IVIM theory, the parameters were
calculated based on the following Eq. (1)[18]:

Sb=S0 ¼ f exp �bD�ð Þ þ 1� fð Þ exp �bDð Þ; ð1Þ

where S0 and Sb are the signal intensities without and at
a given b value, respectively; D is the pure diffusion
coefficient that reflects the random motion of intracel-
lular and intercellular water molecules (slow component
of diffusion); f is the pseduodiffusion fraction; and D* is
the perfusion-related diffusion (representing incoherent
microcirculation within the voxel or fast component of
diffusion). The apparent diffusion coefficient (ADC)
was also calculated using two b values: 0 and 800 s/
mm2.
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IVIM parameter measurements were conducted by
two experienced abdominal radiologists [with 5 and
22 years of experience in abdominal imaging, respec-
tively (Z.Y.C. and X.R.C.)] blinded to clinical informa-
tion. Six circular regions of interest (ROIs) were
positioned at the upper, middle, and lower poles in the
cortex and medulla of each kidney at the level of renal
hilum. ROIs were first drawn in both kidneys on the
coronal T2-weighted images or DWI images (b = 0 s/
mm2). They were then copied and transferred to the same
positions of IVIM parametric maps. Each cortical and
medullary ROI was set with a size of 4–10 mm2 and
‡ 22 mm2, respectively (Fig. 1). The mean value of each
measurement was used for later statistical analysis.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences version 13.0 software
(SPSS Inc, Illinois, USA). Parameters were expressed as
mean ± standard deviation. Male-to-Female ratio of

three groups was compared using v2 test. Duration, mean
age, ACR, and eGFR between the groups were com-
pared using the One-way ANOVA test. Pearson corre-
lation analysis was used to see the correlation of ROIs
between the two readers. The mean renal cortical and
medullary IVIM DWI parameters were compared among
the groups using the single-factor analysis of variance
including the least significant difference and Bonferroni
or Tamhane’s T2 test. A paired t test was used to com-
pare data between the left and right kidneys. The
Spearman correlation test was used to evaluate the
relationship between mean IVIM parameter values and
ACR or eGFR. A p value less than 0.05 was considered
statistically significant for all analyses.

Results

Basic information

The basic information [duration, gender distribution,
age, albumin–creatinine ratio (ACR), and estimated
glomerular filtration rate (eGFR) values] of all subjects is

Fig. 1. Example of ROI measurement on the coronal T2-
weighted image in a 38-year-oldmale patient (A), IVIMdiffusion-
weighted image obtainedwith b = 0 s/mm2 (B) and pseudocolor
images (C: D; D: D*; E: f; F: ADC). ROIs were positioned in the
medulla (1–3) and cortex (4–6) in the upper, middle, and lower

parts of each kidney on coronal T2WI (A). And the ROI had an
area of 4–30 mm2 (medulla: 4–10 mm2; cortex: ‡ 22 mm2).
ROI, region of interest; IVIM, intravoxel incoherent motion; D,
slow diffusion coefficient; D*, fast diffusion coefficient; f, pse-
duodiffusion fraction; ADC, apparent diffusion coefficient.
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shown in Table 1. No significant differences were found
in gender distribution and age among the groups. The
MAU group had a significantly higher ACR value
compared with the NAU and control groups
(p < 0.001). The NAU and MAU groups had signifi-
cantly higher eGFR values compared with the control
group (p < 0.05). However, no significant difference was
observed between the NAU and MAU groups
(p = 0.960).

Pearson correlation analysis of ROIs
between the two readers

Strong correlations of upper, middle, and lower ROIs of
kidney between the two readers in all IVIM parameters
of Control subjects were found (Table 2). Scatter plots
for ROIs in the upper (a–d), middle (e–h), and lower (i–l)
parts of the kidney between the two readers in Control
group (Fig. 2).

Comparison of the IVIM parameters and ADC
value between the left and right kidneys
in the three groups

The mean medullary and cortical IVIM parameters of
bilateral kidneys in the three groups are shown in Sup-
plementary materials table. The mean medullary or
cortical D, D*, f, and ADC values between the left and
right kidneys were similar and had no significant differ-
ences in the patient and control groups.

Comparison of the IVIM parameters and ADC
value among the three groups

The mean medullary and cortical D, D*, f, and ADC
values in the control, NAU, and MAU groups are shown
in Table 3. Comparison of the IVIM parameters and
ADC value among the three groups is shown in Fig. 3.

The mean medullary and cortical D values in the
NAU and MAU groups were statistically lower than
those in the control group (p < 0.05). Similarly, those
values in the MAU group were significantly lower than
those in the NAU group (p < 0.05).

The mean medullary and cortical f and cortical D*
values in the NAU group were significantly higher than
those in the control group (p < 0.05). But no significant
difference was observed in the medullary D* value be-
tween the two groups (p = 0.080). Also, the medullary
D*and cortical f values in the MAU group were signifi-
cantly higher than those in the control group (p < 0.05).
However, no significant difference was observed in the
cortical D* or medullary f value between the MAU and
control groups (D*: Pc = 0.995; f: Pm = 0.791). Com-
pared with the NAU group, the mean medullary D*
value significantly decreased in the MAU group
(Pm < 0.001). No significant differences were observed
in the cortical D* and medullary and cortical f values
between the two groups (D*: Pc = 0.115; f: Pm = 0.332,
Pc = 0.810).

Compared with the control group, the medullary and
cortical ADC values in the NAU group show no statis-
tical significance (Pm = 0.407, Pc = 0.298); the medul-

Table 1. Basic information of all subjects

Control NAU MAU NAU vs Control MAU vs Control NAU vs MAU
p value p value p value

Duration* 4.14 ± 4.17 6.03 ± 8.03 0.352
Gender ratioa (man:women) 6:14 12:08 7:13 0.134
Ageb (years) 54.30 ± 6.88 52.40 ± 8.73 53.65 ± 12.14 1.000 1.000 1.000
ACRc (mg/g) 5.53 ± 2.02 6.67 ± 2.28 89.04 ± 70.49 0. 279 < 0.001 < 0.001
eGFRd (mL/min/1.73 m2) 107.47 ± 20.40 128.59 ± 28.12 136.75 ± 27.90 0.036 0.002 0.960

Duration means the length of time that the confirmed diabetes lasted. ACR, albumin–creatinine ratio; eGFR, estimated glomerular filtration rate
*p value of Independent samples t-test
ap value of Person Chi-Square test
bComparison between the groups using the Bonferroni test
cComparison between the groups using the Tamhane’s T2 test
dComparison between the groups using the Bonferroni test

Table 2. Pearson correlation coefficients of ROIs between the two readers (95%CI)

Pearson correlation coefficient (95%CI)

D D* f ADC

Upper ROI 0.932(0.874–0.964) 0.992(0.985–0.996) 0.984(0.970–0.992) 0.990(0.981–0.995)
Middle ROI 0.847(0.727–0.917) 0.980(0.962–0.989) 0.941(0.891–0.969) 0.985(0.972–0.992)
Lower ROI 0.882(0.787–0.936) 0.992(0.985–0.996) 0.976(0.955–0.987) 0.989(0.979–0.994)

CI confidence interval
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lary and cortical ADC values significantly decreased in
the MAU group (Pm = 0.010, Pc = 0.015). No signifi-
cant differences were observed in medullary and cortical
ADC values between NAU and MAU groups
(Pm = 0.392, Pc = 0.656).

Correlations between IVIM parametric values
and eGFR or ACR

Correlations between IVIM parametric values and
eGFR or ACR are shown in Fig. 4. A negative correla-
tion was found between the ACR and medullary or
cortical ADC and D value in diabetics with
30 £ ACR < 300 mg/g. Weak correlation was shown
between ACR and cortical ADC in diabetics with ACR
< 30 mg/g. Weak correlation was shown between eGFR
and medullary ADC or cortical D value. No correlations
existed between any other cortical and medullary
parameters and ACR or eGFR (p > 0.05).

Discussion

In the present study, IVIM DWI was used to noninva-
sively assess the early changes of renal diffusion and

perfusion in diabetic patients without or with moderately
increased albuminuria. The results demonstrated lower
diffusion and higher pseudodiffusion values of the renal
cortex and medulla in diabetic patients with normal
proteinuria. This finding suggested that the abnormally
low water molecule diffusion and high blood perfusion in
the cortex and medulla occurred prior to albuminuria
detection. Some prior studies have shown diffusion ten-
sor imaging (DTI) [19] and blood oxygenation level-de-
pendent (BOLD) technique [20] might be more sensitive
to assess the renal function at the early stage of DN.
Thus, IVIM DWI could be another noninvasive tech-
nique, which has the great potential in detecting the early
renal damage when DN is still in the insidious stage, and
then monitor intervention effects to avoid the develop-
ment of DN.

The present study results revealed a progressively
decreasing trend in the renal cortical and medullary
D values from the control to the NAU and MAU
groups. Significantly lower cortical and medullary
D values were found in the NAU and MAU groups
compared with the control group, indicating limited
water molecule diffusion in both the cortex and medulla.
This might be related to a series of early histological

Fig. 2. Scatter plots for ROIs in the upper (A–D), middle
(E–H), and lower (I–L) parts of the kidney between the two
readers in Control group. D, slow diffusion coefficient;

D*, fast diffusion coefficient; f, pseduodiffusion fraction;
ADC, apparent diffusion coefficient. r1, reader 1; r2,
reader 2.
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characters, including glomerular basement membrane
thickening, tubular epithelial cell swelling, mesangial
expansion, accumulation of transparent material in the
glomerulus basement membrane epithelium, capillary
and capsular adherence, and compromised energy me-
tabolism [3, 21–25]. These histological changes might
reduce the extracellular space and renal water content
and consequently limit the diffusion of water molecules
[26]. Furthermore, slight infiltration of inflammatory cell
in the early course was found [21, 27], which could in-
crease cell density [13]. So it also contributed to the
limited diffusion. The present study found that the early
changes of diffusion occurred in both the renal cortex
and medulla in the diabetic patients. A recent study
demonstrated that metabolites representing renal inter-
stitial and tubular injury have been detected in the early
stage of DN [28], which might indirectly support the
findings of this study. In addition, Lu et al. [29]. and
Chen et al. [19]. demonstrated the changes of fractional
anisotropy values in the renal medulla in diabetic pa-
tients with normal renal function using diffusion tensor
imaging. But Peng et al. [23]. employed BOLD imaging
and fat quantitative sequence in diabetic rats and found
higher fat and lower oxygen levels mainly in the cortex,
which was consistent with the vulnerable areas displayed
by pathology (glomeruli and proximal convoluted tu-
bules). Luo et al. [21]. also used superparamagnetic iron
oxide nanoparticles on early DN rats to find out early
DN changes mainly in glomeruli. In the current study,
statistical differences were also found in the cortical and
medullary D values between NAU and MAU groups,
suggesting that water molecule diffusions in the cortex
and medulla were further limited with the progression of
DN. Yin et al. [20]. found no statistical difference in R2*
of the cortex and medulla between the two groups. Chen
et al. [19]. also obtained the similar result in the cortical

and medullary FA values between the two groups.
Whether D value is more sensitive than R2* and FA in
detecting early renal function changes is still to be
determined. Further comparative studies need to be
conducted to confirm it.

The present study found a significant increase in the
mean renal cortical and medullary f and cortical D*
values in the NAU group, suggesting an abnormally high
microcirculation perfusion in diabetic patients prior to
abnormal albuminuria detection. This might be related
to high blood sugar, high-protein diet, increased renal
tubular flow, and ultrafiltration volume caused by the
renin–angiotensin–aldosterone system (RAAS), in-
creased blood vessels, and the relatively broader diame-
ter of the renal tubules [3, 30]. A study from Luik et al.
[31]. found normal or mildly increased renal plasma flow
before albuminuria in DN patients with type I diabetes.
Furthermore, increased renal tubular flow can also in-
crease the D* value [32]. The mean renal cortical f value
in the MAU group still showed a significant increase in
the present study. However, the mean medullary f value
and the cortical or medullary D* value decreased from
the NAU to the MAU group and nonsignificant changes
were observed in medullary f and cortical D* between the
MAU and control groups. This finding suggested that
cortical high perfusion was persistent as the disease
progressed, whereas medullary high perfusion decreased
to nearly normal level when moderately increased albu-
minuria was present. A possible explanation for this is
that the renal cortex has some reserve capacity for the
damage, whereas the medulla is susceptible to injuries
from ischemic hypoxia, toxic substance accumulation
[18, 23, 33]. Whether the changes in medullary perfusion
levels from high to nearly normal levels are indicative of
reversible to irreversible disease progression remains
unclear and requires further research.

Table 3. Comparison of the IVIM parameters and ADC value among NAU, MAU, and control groups

Control NAU MAU NAU vs Control MAU vs Control NAU vs MAU
(n = 20) (n = 20) (n = 20) p value p value p value

Medulla
D 1.69 ± 0.09 1.61 ± 0.06 1.53 ± 0.10 0.003* < 0.001b 0.011d

D* 14.43 ± 3.31 17.81 ± 5.55 10.43 ± 4.90 0.080 0.028b < 0.001d

f 19.53 ± 5.01 23.52 ± 4.84 21.17 ± 3.79 0.024* 0.791 0.332
ADC 1.97 ± 0.09 1.93 ± 0.09 1.89 ± 0.06 0.407 0.010b 0.392

Cortex
D 1.79 ± 0.07 1.72 ± 0.08 1.63 ± 0.07 0.019* < 0.001b 0.002d

D* 13.59 ± 2.55 17.11 ± 5.22 13.84 ± 4.44 0.034a 0.995 0.115
f 23.95 ± 4.55 30.74 ± 6.56 32.10 ± 3.63 0.002a < 0.001c 0.810
ADC 2.09 ± 0.06 2.04 ± 0.10 2.01 ± 0.08 0.298 0.015b 0.656

Data are represented as mean ± standard deviation. All diffusivities are given in square micrometers per millisecond, and f is given as a percentage.
The Statistical analysis was performed using one-way analysis of variance. D, slow diffusion coefficient; D*, fast diffusion coefficient; f, pseduod-
iffusion fraction; ADC, apparent diffusion coefficient
*p < 0.05, compared with the control group using the Bonferroni test
ap < 0.05, compared with the control group using the Tamhane’s T2 test
bp < 0.05, compared with the control group using the Bonferroni test
cp < 0.05, compared with the control group using the Tamhane’s T2 test
dp < 0.05, statistical analysis was performed using the Bonferroni test between NAU and MAU group

Y.-Z. Feng et al.: Intravoxel incoherent motion (IVIM) at 3.0 T 2769



Both water molecular diffusion and perfusion con-
tribute toward ADC value [34]. In the present study, the
mean cortical and medullary ADC values statistically
decreased in the MAU group, which was consistent with
some previous studies [2]. It was speculated that water
molecule diffusion might outweigh perfusion contribu-
tion for the decreased ADC values due to the persistent
decline in the D value. Interestingly, no change was
found in the mean cortical and medullary ADC values in
the NAU group, which was consistent with the findings
of Cakmak et al. [2]. This finding suggested that IVIM
DWI might be more sensitive than the conventional
DWI in detecting the early changes in water molecular
diffusion in diabetic patients.

This study demonstrated that the mean cortical and
medullary D values negatively correlated with the ACR
values in diabetics with 30 £ ACR < 300 mg/g,
whereas no correlation was found between ACR values

and other IVIM parameters. Albuminuria with ACR
between 30 and 300 mg/g is commonly considered as the
forerunner of DN in the clinical practice, which reflects
both glomerular and tubulointerstitial damage [35].
Also, lower cortical and medullary D values in the
MAU group in our study might indicate the injured
cortical and medullary function. Despite all this, the
further research is still needed to confirm whether
the D values might better reflect the early-stage renal
injury compared with other IVIM parameters. In our
study, weak or no correlations were shown between
IVIM parameters and eGFR values, although an
increasing trend was noted in the eGFR values from
control to NAU to MAU groups. It was consistent with
the findings of Xu et al. [36]. Furthermore, some other
previous studies showed a statistically significant cor-
relation between them in diabetic patients with mid-end
stage [2].

Fig. 3. Box plots of D (A), D* (B), f (C), and ADC (D) in the medulla and cortex of all subjects. D, slow diffusion coefficient; D*,
fast diffusion coefficient; f, pseduodiffusion fraction; ADC, apparent diffusion coefficient. *p < 0.05; **p < 0.01; ***p < 0.001.
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Limitations

This study had several limitations. First, the overall
sample size was small. Larger number of diabetic pa-
tients may provide more precise values. Second, no
biopsy evidence was obtained in this study. Accordingly,
IVIM parameter changes could not be supported by the
histopathological results from this study. Our future
study will focus on IVIM DWI for evaluating the
histopathological changes in a rat model of early DN.

Third, follow-up data were not collected because of
limited research period. Finally, renal medulla could not
be further divided into inner and outer medulla to
measure ROIs due to the limited spatial resolution of the
IVIM images.

Conclusions

In conclusion, the present study revealed the limited
water molecule diffusion and hyperperfusion of renal

Fig. 4. Correlations between ACR and D (A, E), D* (B, F),
f (C, G), and ADC (D, H) (A–D: 30 £ ACR < 300 mg/g; E–H:
ACR < 30 mg/g). Correlations between eGFR and D (I), D*

(j), f (K), and ADC (L). Depicted were significant correlations
between ACR and medullary and cortical D values in diabetics
with 30 £ ACR < 300 mg/g (rm = - 0.894, p < 0.001;
rc = - 0.895, p < 0.001) (A). Moderate correlation was
shown between ACR and cortical and medullary ADC values
(rm = - 0.554, p = 0.011; rc = - 0.485, p = 0.030) (A). Weak

correlations were shown between ACR (patients with
ACR < 30 mg/g) and cortical ADC (ADC: r = - 0.340,
p = 0.032) (H), eGFR and medullary ADC values (ADC:
r = - 0.331, p = 0.010) (l). No correlations were found be-
tween any other cortical and medullary parameters and ACR
or eGFR (p > 0.05). ACR, albumin–creatinine ratio; D, slow
diffusion coefficient; D*, fast diffusion coefficient; eGFR,
estimated glomerular filtration rate; f, pseduodiffusion fraction;
ADC, apparent diffusion coefficient.
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cortex and medulla in diabetic patients before protein-
uria detection. Renal IVIM DWI might have a great
potential in noninvasively identifying early-stage DN.
The IVIM parametric values are more sensitive than the
ACR in detecting the early-stage renal changes. In the
future, a large sample of research may be needed to
determine the critical value of IVIM parameters.
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