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A B S T R A C T

Acute kidney injury (AKI) is a common complication in various clinical settings. In recent years, AKI diagnostics
have been investigated intensively showing the emerging need for early characterization of this disease. To
verify whether targeted field-of-view diffusion-weighted imaging (tFOV-DWI) is feasible to significantly improve
the performance of traditional full field-of-view diffusion-weighted imaging (fFOV-DWI) in the early assessment
of AKI. 14 rabbits with unilateral AKI were induced by injection of microspheres under the guidance of digital
subtraction angiography (DSA). All rabbits underwent tFOV-DWI and fFOV-DWI immediately after the surgery.
Artifacts, distortion and lesion identification were graded by two experienced radiologists, and the signal-to-
noise ratio (SNR) and contrast-to-noise ratio (CNR) were measured. Apparent diffusion coefficient (ADC) maps
were then derived. Blood samples were collected pre- and post-surgery and serum creatinine weres measured.
Renal specimen and biopsy were performed as the reference standard. Student t-test was used to ascertain
statistical significance between the above parameters for tFOV-DWI and fFOV-DWI. The interobserver agreement
and ADC measurements agreement were assessed. A higher percentage of renal lesions (17 out of 19) were
detected in tFOV-DWI compared with fFOV-DWI (14 out of 19). Significant differences were observed in ADC
value for both techniques between the lesion regions and normal tissues (p < 0.001). Histological findings were
inversely correlated with ADC values of tFOV-DWI (r=−0.97, P < 0.001 for cortex; r=−0.98, P < 0.001
for medulla) and fFOV-DWI sequences (r=−0.95, P < 0.001 for cortex; r=−0.98, P < 0.001 for medulla).
Those tFOV-DW images rated by the radiologists exhibit superior performance in terms of all assessed measures
(P < 0.05), and interobserver agreement was excellent (ICC, 0.78 to 0.92). Besides, the ADC values derived
from tFOV-DWI had a satisfactory agreement with those estimated by fFOV-DWI. The animal study demonstrates
that the tFOV-DWI strategy provided visually better image quality and lesion depiction than conventional fFOV-
DWI for early assessment of AKI.

1. Introduction

Acute kidney injury (AKI) is a common complication in various
clinical settings [1], characterized by a sudden loss of renal excretory
function. Generally, AKI is associated with poor prognosis and adverse
outcomes and may lead to chronic kidney disease [2–4]. In recent years,
AKI diagnostics have been investigated intensively showing the emer-
ging need for early characterization of this disease. The concentration
of serum creatinine is the most widely used and commonly accepted

measure of acute kidney injury in clinical medicine. However, serum
creatinine is highly influenced by age, gentle and preexisting renal
impairment, and only significantly altered if potentially irreversible
kidney damage is present [5].

Noninvasive monitoring of AKI in an early stage is difficult because
available techniques for detecting AKI are limited. Previous studies
have shown that changes in renal diffusion, hemodynamics and per-
fusion are key factors in the progression of AKI [6–8]. With the de-
velopment of magnetic resonance (MR) imaging, Diffusion-weighted
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imaging (DWI) has rapidly grown and plays an important role in the
assessment of renal dysfunction non-invasively and quantitatively. DWI
characterizes the random Brownian motion of water molecules and
numerous studies have characterized renal dysfunction including acute
kidney injury using DWI [9–12].

The single shot EPI is the most commonly used sequence in ab-
dominal DWI imaging. However, traditional single shot DWI suffers
from problems of severe geometric distortion and artifacts [13] due to
the susceptibility originated from gradients and long echo train length
(ETL), and the spatial resolution is quite limited due to the single-shot
EPI acquisition scheme. The low bandwidth of each pixel in the phase
encoding direction and long EPI readout also result in blurring with
single-shot EPI [14]. These may easily lead to inaccuracy in lesion
evaluation, especially for small-sized lesions [15]. DWI techniques that
are less sensitive to susceptibility artifacts and have high image re-
solution are highly desired in the clinic. In many previous studies, to
improve the DWI image quality and reduce artifacts, several strategies
including parallel imaging [16–18], reduced field-of-view (FOV) ima-
ging [19–23] and multi-shot DWI have been proposed and gained
promising results.

Recently, DWI has seemed to have a huge chance to benefit from
reduced FOV imaging techniques. One of the reduced FOV DWI ap-
proaches targeted FOV-DWI, used 2D radiofrequency (RF) pulse for
spatially selective excitation, in which the decreased number of k-space
lines could shorten the ETL of EPI and decrease susceptibility and
chemical shift artifacts [24]. The reduced acquisition time can be fur-
ther exploited to achieve higher spatial resolution and alleviate partial
volume effect, which may be potentially beneficial for small lesion
detection [25] in an early stage.

14 rabbits were included in this study. Unliteral acute kidney injury
models were induced under the guidance of digital subtraction angio-
graphy (DSA) and confirmed by serum creatinine reduction and histo-
logical findings. 2D excitation RF pulse combined tFOV-DWI was
adopted for renal evaluation right after renal surgery and further
compared with fFOV-DWI in the aspects of artifacts, distortion, ADC
values as well as lesion depiction. The student t-test, ICC and Bland-
Altman analysis were used for quantitative comparison.

The aim of this study is to compare image quality and lesion de-
piction of tFOV-DWI with fFOV-DWI and to evaluate the performance of
tFOV-DWI for early assessment of AKI in animal models.

2. Material and methods

2.1. Subjects

The study was approved by the local Institutional Review Board.
Fourteen New Zealand white rabbits (male, 3.09 ± 0.58 kg) under-
went unilateral acute kidney injury induced by injection of microsphere
through renal artery under the guidance of DSA. All the rabbits were
given standard rabbit diet and tap water, and the animals were housed
individually under the same conditions.

2.2. Unilateral acute kidney injury

In the experiment of renal embolization, rabbits were anesthetized
by injection with a dose of 0.5 mg/kg pentobarbital sodium through the
ear vein before surgery. Unilateral acute kidney injury was induced by
injection of microsphere through the right renal artery (50,000 doses,
acryl beads, 40–120 μm in diameter), and the DSA was then im-
plemented to confirm the success of the unilateral artery embolization.
The rabbits' body temperature was maintained about 38° before MR
scan, and blood was collected by standard venipuncture into an evac-
uated blood collection tube without additives before and after surgery,
and the serum creatinine was measured.

2.3. MRI protocol

MRI was performed on a 3T clinical MRI system (Achieva, Philips
Medical Systems, Best, The Netherlands) with a maximum gradient
strength of 80mT/m and a slew rate of 200 T/m/s. An 8-channel knee
coil was used. After the unilateral renal artery embolization operation,
the rabbits were immediately moved to the MR table to collect MRI
data. Rabbits were anesthetized by injection with a dose of 0.5mg/kg of
pentobarbital sodium through the ear vein before scanning. T2
weighted images, fFOV-DWI, and tFOV-DWI were scanned. For DWI
acquisition, two b values (0 and 1000 s/mm2) were applied along all
gradient directions to obtain the images. Other imaging parameters are
listed in Table 1. All rabbits were scanned by the same technologist on
the same scanner.

2.4. Histology

Under sterile conditions, kidneys were taken off for pathological
examinations. Kidneys tissues were fixed in 10% formalin and em-
bedded in paraffin for light microscopic observation. Kidneys were
sectioned into 2-mm slides and stained with hematoxylin-eosin-saffron.
A pathologist specializing in kidney diseases reviewed histological
findings. The pathologist was blinded to the imaging findings and the
results of pathology and renal specimen were considered as a reference
standard for assessing the kidney injury.

2.5. Image analysis

2.5.1. Subjective assessment of image quality
Evaluation of the anonymized images was carried out. All data were

interpreted by two radiologists in a blind, randomized fashion (reader
A: 10 years of experience in abdominal MRI, reader B: 12 years of ex-
perience in abdominal MRI). Both readers scored those fFOV-DWI and
tFOV-DWI images independently in terms of degree of susceptibility
artifacts, distortion, and lesion identification according to a score rating
systems (0–3): 0= non-diagnostic; 1= present, impeded image inter-
pretation; 2= present, irrelevant for image interpretation; 3= ex-
cellent image quality.

2.5.2. Objective assessment of image quality
The signal to noise ratio (SNR) and contrast to noise ratio (CNR) in

cortex and medulla were calculated and compared between fFOV-DWI
and tFOV-DWI.

The SNR was defined as follows:

=
−SNR S

SD
,cortex

lesion cortex

background

=
−SNR S

SD
,medulla

lesion medulla

background

where SNRcortex is signal to noise ratio in the cortex, SNRmedulla is signal

Table 1
Imaging parameters for fFOV-DWI and tFOV-DWI.

Sequence parameter fFOV-DWI tFOV-DWI

TR/TE (msec) 3000/55 3000/55
FOV (mm) 150×150 80×150
Matrix 98× 80 88×80
Number of averages 2 2
Thickness/gap (mm) 5/1 5/1
Bandwidth (kHz) 250 250
Resolution (mm) 1.5× 1.9 0.9× 1.9
b-Value (sec/mm2) 0,1000 0,1000
Sense factor 2.0 2.0
Scan time(s) 120 120

TR= repetition time, TE= echo time, FOV= field of view.
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to noise ratio in the medulla, Slesion−cortex is the mean signal intensity
inside the cortex lesion, Slesion−medulla is the mean signal intensity inside
the medulla lesion, SDbackground is the standard deviation of background
noise.

The CNR was defined as follows:

=
−

+

− −

− −

CNR S S
SD SD

| | ,cortex
lesion cortex normal cortex

lesion cortex normal cortex
2 2

=
−

+

− −

− −

CNR S S
SD SD

| | ,edulla
lesion medulla normal medulla

lesion medulla normal medulla
m 2 2

where CNRcortex is contrast to noise ratio in cortex, CNRmedulla is contrast
to noise ratio in medulla, Slesion−cortex is the mean signal intensity of the
cortex lesion, Slesion−medulla is the mean signal intensity of the medulla
lesion, Snormal−cortex is the mean signal intensity of normal cortex,
Snormal−medulla is the mean signal intensity of normal medulla,
SDlesion−cortex is the standard deviation of the cortex lesion,
SDlesion−medulla is the standard deviation of the medulla lesion,
SDnormal−cortex is the standard deviation of normal cortex,
SDnormal−medulla is the standard deviation of the normal medulla.

2.5.3. Quantitative ADC assessment of acute kidney injury
For all experiments, mono-exponential ADC parameter maps were

calculated and assessed based on signal intensity as a mono-exponential
function of b-value according to ADC=−log(S1000 / S0) / 1000, where
S0 is the signal intensity for b=0 and S1000 is the signal intensity for
b= 1000. Lesion and normal tissue contours were delineated on DWI
images by reader A and saved as binary masks. Pixels inside contours
were set to 1, the others to 0. T2W images were used as a guide to lesion
and tissue locations. The delineated masks were loaded and multiplied
with corresponding ADC map. The mean and standard deviation of ADC
values in different region of interest of the lesion and tissue were cal-
culated. All the calculations were performed using Matlab (MathWorks,
Natick, MA).

2.6. Statistical analysis

Data were analyzed using SPSS 19.0.0 (SPSS Inc., Chicago, IL, USA)
software and expressed as the mean ± standard deviation (SD).
Differences between image scores, SNR, CNR and ADC values between
tFOV-DWI and fFOV-DWI were tested using the paired t-test.
Interobserver agreements for all subjective image quality features were
assessed using the intraclass correlation coefficient (ICC) test. An ICC of
0.00 to 0.39 indicated poor, 0.40 to 0.59 fair, 0.60 to 0.74 good, 0.75 to
1.00 excellent agreement [26]. ADC values derived from fFOV-DWI and
tFOV-DWI were analyzed by t-test and Bland-Altman analysis. ADC
values between lesions and normal tissues were compared by t-test and
the correlation between ADC values and histological findings was
analyzed by Spearman rank correlation. P < 0.05 was considered
significant.

3. Results

Subjective and objective image quality evaluations were listed in
Tables 2 and 3, respectively. There were significant differences in the
artifacts, distortion and lesion depiction between fFOV-DWI and tFOV-
DWI for both readers (P < 0.001–0.030). Typical images for subjective
image quality assessment are shown in Fig. 1.

The mean SNRcortex and SNRmedulla values of tFOV-DWI were sig-
nificantly higher than that of fFOV-DWI (100.21 ± 38.60 vs
69.21 ± 24.62, P=0.005 for cortex, 55.50 ± 23.11 vs
36.71 ± 15.68, P=0.047 for medulla). The mean CNRcortex and
CNRmedulla values of tFOV-DWI were comparable to that of fFOV-DWI
(fFOV-DWI vs tFOV-DWI: 2.98 ± 1.85 vs 2.57 ± 1.86, P=0.538 for
cortex; 2.93 ± 1.81 vs 4.16 ± 1.80, P=0.103 for medulla).

A total of 19 lesions were found 12 of the 14 rabbits by the renal

specimen and confirmed by histological findings. 14 and 17 lesions
were found by fFOV-DWI and tFOV-DWI, respectively. All lesion sizes
were listed in Table 4. The area of 3 lesions that missed out by fFOV-
DWI but identified by tFOV-DWI was 0.13, 0.05 and 0.09 cm2. Typical
lesion depiction comparisons are shown in Fig. 2. For the first severe
injury case (Fig. 2 a), clear lesion margin and strong contrast between
lesion and normal tissue were observed in tFOV-DWI. Compared to
fFOV-DWI, higher resolution and reduced partial volume effect enabled
precise visualization of lesions and helped avoid underestimation of
lesion size in tFOV-DWI images. In another severe injury case (Fig. 2 b),
renal injury with low signal intensity was easily identified in tFOV-DW
image. While in fFOV-DWI image, no obvious signal intensity changes
in the lesion region. Besides, abnormal high-intensity signals caused by
susceptibility change near renal pelvis edge and renal bottom edge were
reduced in tFOV-DWI images. For the third case (Fig. 2. c), lesions were
distributed at the bottom left of renal. Since the image exhibited poor
quality with low image resolution and blurred renal edge, it is difficult
to determine renal injury by fFOV-DWI. However, on tFOV-DWI
images, multiple, abnormal, high-intensity signal lesions were found in
the area along the left edge of renal and were confirmed by histological
results.

The quantitative ADC values of normal tissues and lesions were
analyzed and the results were listed in Tables 5 and 6. Significant dif-
ferences were found between the ADC values of lesions and normal
tissues for fFOV-DWI and tFOV-DWI in cortex and medulla
(P < 0.001). No significant differences were found between fFOV-DWI
and tFOV-DWI in medulla lesion, cortex lesion, normal medulla lesion
and normal cortex tissue (P=0.07–0.14). Bland-Altman analysis re-
sults of accordance between ADC values were illustrated in Fig. 3. An
inverse correlation was noted between ADC values and histological
findings for both tFOV-DWI and fFOV-DWI (Table 7).

Interobserver agreement for the fFOV-DWI and tFOV-DWI se-
quences was excellent for artifacts, distortion and lesion depiction. The

Table 2
Subjective image quality assessment.

Image score Reader fFOV-DWI tFOV-DWI P valuea

Artifacts Reader 1 2.15 ± 0.31 2.42 ± 0.31 0.003⁎

Reader 2 2.17 ± 0.24 2.51 ± 0.30 < 0.001⁎

Distortion Reader 1 2.29 ± 0.35 2.44 ± 0.30 0.003⁎

Reader 2 2.24 ± 0.33 2.39 ± 0.27 0.010⁎

Lesion depiction Reader 1 2.27 ± 0.22 2.46 ± 0.33 0.007⁎

Reader 2 2.31 ± 0.24 2.48 ± 0.35 0.030⁎

Diagnostic 14 17
Non-diagnostic 5 2

n=14 for all comparison.
fFOV-DWI and tFOV-DWI indicates full FOV DWI and targeted FOV DWI, re-
spectively.

a Paired t-test to compare fFOV-DWI with tFOV-DWI (*indicates significant
P-values).

Table 3
SNR and CNR comparisons between fFOV-DWI and tFOV-DWI.

Cortex (n=10) Medulla (n=7)

SNR CNR SNR CNR

fFOV-DWI 100.21 ± 38.60 2.98 ± 1.85 55.50 ± 23.11 2.93 ± 1.81
tFOV-DWI 69.21 ± 24.62 2.57 ± 1.86 36.71 ± 15.68 4.16 ± 1.80
P valuea 0.005⁎ 0.538 0.047⁎ 0.103

fFOV-DWI and tFOV-DWI indicate full FOV DWI and targeted FOV DWI, re-
spectively.
SNR and CNR indicate signal-to-noise ratio and contrast-to-noise ratio, re-
spectively.

a Paired t-test to compare fFOV-DWI with tFOV-DWI (*indicates significant
P-values).
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ICC values ranged from 0.775 to 0.915 for both DWI sequences
(Table 8).

4. Discussion

In this study, the tFOV-DWI was investigated for early assessment of
acute kidney injury and further compared with traditional fFOV-DWI. A
higher percentage of renal lesions (17 out of 19) were detected in tFOV-
DWI compared with fFOV-DWI (14 out of 19). Significant differences
were found between ADC values in lesions and normal tissues for tFOV-
DWI. Histological results were inversely correlated with ADC values of
tFOV-DWI (r=−0.97, P < 0.001 for cortex; r=−0.98, P < 0.001
for medulla) and fFOV-DWI sequences (r=−0.95, P < 0.001 for
cortex; r=−0.98, P < 0.001 for medulla). Significant higher sub-
jective image scores and comparable CNR were obtained for tFOV-DWI

than fFOV-DWI. ADC values were measured and there were no sig-
nificant differences between measurements using fFOV-DWI and tFOV-
DWI.

SS-EPI is the most commonly used strategy for abdominal DWI.
However, it suffers from several problems such as distortion, image
artifacts, and low-resolution. Besides, kidney images are easily affected
by adjacent air-filled gastrointestinal (GI) tract [27]. Jin et al. and Riffel
et al. demonstrated that targeted FOV-DWI enabled an improved image
quality relative to full FOV-DWI in renal and pancreas MR Imaging in
healthy volunteers [27,28]. In principle, tFOV-DWI combined with 2D
excitation RF pulse lead to decreased number of k-space lines in the PE
direction and significantly shorten the length of ETL depending on the
ratio of desired FOV to the full FOV, thus tFOV-DWI have a targeting
highlighted ability to offer considerable potential for overcoming lim-
itations of fFOW-DWI in artifact and distortion. In this study, consistent
with previous studies [29–31], artifact and distortion scores from two
readers in tFOV-DWI were significantly higher than fFOV-DWI. Despite
of possible reader variation for scoring image quality, excellent inter-
observer agreement among all subjective image scores for two DWI
sequences was obtained.

In objective image assessment, the tFOV-DWI showed a trend to-
ward lower SNR compared with fFOV-DWI in cortex and medulla due to
smaller voxel size, and this was in agreement with the literature [21].
Comparable CNRs of tFOV-DWI and fFOV-DWI were obtaining in both
medulla and cortex. We believed that it was mainly due to a higher
standard deviation of tFOV-DWI than fFOV-DWI, and this might also be
the cause of opposite SNR results in previous studies [32,33].

Although no significant differences were observed in CNR values
between tFOV-DWI and fFOV-DWI, significant higher lesion depiction
scores in tFOV-DWI were obtain than in fFOV-DWI. As the human eye is
the ultimate receptor for the image, subjective evaluation is considered
to be the most accurate way to characterize image quality. In fact,
human visual perception process is complex and consists of multi-steps
including row sensory information input, signal preprocessing and a
combination of sensory information and the system's inner information
[34,35]. Objective measurements including CNR and SNR ignore the
image content and position information and only calculate the re-
lationship between pixels. Thus, it is difficult for those objective para-
meters to mimic human eyes to evaluate comprehensive characteristics

Fig. 1. Typical images for subjective image quality assessment. Typical comparisons of image artifact (a), distortion (b), and lesion identification (c). a: fFOV-DWI
shows severe susceptibility artifacts (red arrow) produced at the same location with noticeable distortions. The image quality score for artifacts is 1.5. tFOV-DWI
shows mild susceptibility artifacts (red arrow) adjacent to the bottom left edge of the renal without obvious distortions. The image quality score for artifacts is 2.8. b:
fFOV-DWI shows the blurred wall of the lower margin of the renal with moderate distortion (white arrow). The image quality score for distortion is 2.0. tFOV-DWI
shows the smooth and clear wall of the renal with mild distortion (white arrow). The image quality score for distortion is 2.5. The lesions are better depicted in the
tFOV-DWI comparing to conventional fFOV-DWI (blue arrow). c: fFOV-DWI shows the focus of renal injury with low signal intensity, moderately sharp margin and
recognizable lesion feature, without obvious distortions or artifacts (yellow arrow). The score for lesion conspicuity is 2.6. tFOV-DWI shows the focus of renal injury
with low signal intensity, sharp margin and clear lesion feature, without obvious distortions or artifacts (yellow arrow). The score for lesion conspicuity is 3. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 4
Lesion size and corresponding diagnostic performance of fFOV-DWI and tFOV-
DWI.

Rabbit Number Lesion size (cm2) fFOV-DWI tFOV-DWI

R1 0.27 Y Y
R1 0.08 Y Y
R2 0.30 Y Y
R3 0.02 N N
R4 0.13 Y Y
R4 0.14 Y Y
R5 0.16 Y Y
R6 0.21 Y Y
R7 0.08 Y Y
R7 0.12 Y Y
R7 0.13 N Y
R8 0.06 N Y
R9 0.08 N Y
R9 0.14 Y Y
R10 0.18 Y Y
R11 0.09 Y Y
R12 0.18 Y Y
R13 0.17 Y Y
R14 0.19 N N

N for non-diagnostic; Y for diagnostic.
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of image quality.
Acquisition of high-resolution DWI in acute kidney injury is crucial

because some lesions are small, shallow and difficult to demonstrate
especially in their early stage. In this study, subjective lesion identifi-
cation scores in tFOV-DWI were significantly higher than fFOV-DWI.
Most of the lesions were detected on both DWI techniques (14/19 for
fFOV-DWI; 17/19 for tFOV-DWI). However, 3 lesions missed out by
fFOV-DWI with the size < 0.1 cm2 were detected by tFOV-DWI, and

this might because of the high image resolution and decreased partial
volume effect in tFOV-DWI [36]. The significant improvements in
image quality observed with tFOV-DWI indicated that it might enable
improved early detection of AKI injuries, especially for the small injury.

DWI with quantification of ADC has been proven to be valuable in
renal allografts dysfunction and renal insufficiency [37,38]. In our
study, ADC values in AKI were significantly reduced compared with
normal tissue for both cortex and medulla immediately after renal
surgery. We believe that the ADC decrease in AKI was associated with

Fig. 2. Typical lesion depiction comparisons between tFOV-DWI and fFOV-DWI and corresponding ADC maps and histological findings.

Table 5
ADC comparison between normal tissue and lesion.

ADC
(×10−3 mm2/s)

fFOV-DWI tFOV-DWI

Cortex Medulla Cortex Medulla

Normal Tissue 1.03 ± 0.06 1.59 ± 0.06 1.08 ± 0.05 1.63 ± 0.06
Lesion 0.66 ± 0.06 0.97 ± 0. 05 0.70 ± 0.03 1.02 ± 0.07
P Valuea < 0.001⁎ <0.001⁎ <0.001⁎ <0.001⁎

n=10 for cortex comparison; n=7 for medulla comparison.
fFOV-DWI and tFOV-DWI indicates full FOV DWI and targeted FOV DWI, re-
spectively.

a t-Test to compare fFOV-DWI with tFOV-DWI (*indicates significant P-va-
lues).

Table 6
Comparison of ADC values between fFOV-DWI and tFOV-DWI.

ADC
(×10−3 mm2/s)

Normal
cortex tissue

Lesion in cortex Normal
medulla
tissue

Lesion in
medulla

fFOV-DWI 1.03 ± 0.06 0.66 ± 0.06 1.59 ± 0.06 0.97 ± 0.
05

tFOV-DWI 1.08 ± 0.05 0.70 ± 0.03 1.63 ± 0.06 1.02 ± 0.07
P valuea 0.12 0.08 0.14 0.07

n=10 for cortex comparison; n=7 for medulla comparison.
a Paired t-test to compare fFOV-DWI with tFOV-DWI (*indicates significant

P-values).
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inflammatory cell infiltration and cell swelling [39,40]. In clinical, ADC
values may be used as noninvasive biomarkers to determine the pre-
sence of AKI in early stage.

As the reproducibility of ADC values is a major concern, ADC
measurements generated from tFOV-DWI and fFOV-DWI were com-
pared in normal cortex tissue, cortex lesion, normal medulla and me-
dulla lesion. The mean ADC values were not significantly different
between tFOV-DWI and fFOV-DWI and showed acceptable agreement.
These findings were consistent with published studies in spinal cords
[21] and pancreas [41].

There are some limitations in this study. We chose to examine fFOV-
DWI in renal imaging and only compared with full FOV DWI sequence.
Other competing approaches such as multi-shot EPI, parallel EPI and
inner volume imaging were not tested. Besides, additional evaluation of
the Targeted FOV DWI sequence is desirable in patients with confirmed

pathologies to confirm the clinical relevance of the sequence ultimately.

5. Conclusion

In conclusion, tFOV-DWI provided visually better image quality and
lesion identification than fFOV-DWI as a noninvasive method for
early assessment of acute kidney injury.
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