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Abstract

Background: Recently, a whole-body 5T MRI scanner was developed to open the door of abdominal imaging at
high-field strength. This prospective study aimed to evaluate the feasibility of renal imaging at 5T and compare the
image quality, potential artifacts, and contrast ratios with 3T.

Methods: Forty healthy volunteers underwent MRI examination both at 3T and 5 T. MRI sequences included
T1-weighted gradient-echo (GRE), T2-weighted fast spin echo, diffusion-weighted imaging, and multi-echo GRE T2*
mapping. Image quality and presence of artifacts were assessed for all sequences using four-point scales. For anatom-
ical imaging, the signal-to-noise ratio (SNR) and contrast ratio (CR) of abdomen organ tissues were calculated. Besides,
for functional imaging, the contrast-to-noise ratio of cortex/medulla was calculated. Wilcoxon signed rank-sum test
was used to compare the visual evaluation scores and quantitative measurements between 3 and 5T images.

Results: Compared to 3T examination, T1-weighted sequence at 5T showed significantly better image quality with
higher conspicuity of the renal veins and arteries, and comparable artifacts. Image quality was comparable between
both field strengths on T2-weighted images, whereas a significantly higher level of artifacts was observed at 5T.
Besides, 5 T MRI contributed to higher SNR and CR for abdomen organ tissues. For functional imaging, 5 T MRI showed
improved corticomedullar discrimination. There was no significant difference between apparent diffusion coefficient
of renal at 3T and 5T, while 5 T MRI resulted in significantly shorter T2* values in both cortex and medulla.

Conclusions: 5T MRI provides anatomical and functional images of the kidney with sufficient image quality.
Keywords: High-field MRI, Abdominal imaging, Renal MRI, Anatomical imaging, Functional imaging

Key points « 5 T MRI contributed to improved corticomedullar
discrimination than 3 T MRL
+ Anatomical and functional renal MRI at 5 T had suf- + Renal DWI and T2* map were found to be feasible at
ficient image quality. 5T.

+ 5 T MRI demonstrated higher conspicuity of the
renal vasculature than 3 T MRL

Background

Motivated by the promise of higher signal-to-noise ratio
(SNR), increased resolution and/or reduced imaging
time, new or better tissue contrast, and improved parallel
imaging performance, human magnetic resonance imag-
ing (MRI) at higher magnetic fields (>3 T) has been a
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and for assessing degenerative joint diseases of the mus-
culoskeletal system [6, 7]. Based on prior research works,
the first regulatory approval of a commercial 7 T MRI
system for clinical neuro and musculoskeletal imaging as
a medical device occurred in 2017 [8, 9].

Meanwhile, MRI at ultra-high field encounters numer-
ous challenges, especially in abdominal imaging. The two
main challenges of 7 T MRI are transmit B1+inhomo-
geneities in large body cross sections and radiofrequency
(RF) power deposition in tissue [10]. The abdominal
imaging applications at 7 T are known to be impaired
due to the short wavelength of the 298 MHz RF field and
enhanced tissue absorption, leading to strong flip angle
variations and limited penetration depth [11]. In recent
years, methodological developments regarding RF trans-
mit strategies and specific absorption rate (SAR) super-
vision were enabling the exploitation of the potential of
body imaging applications at 7 T. For instance, Laader
et al. demonstrated the feasibility and overall compara-
ble imaging ability of T1-weighted 7 Tesla abdominal
MRI toward 3 Tesla and 1.5 Tesla MR, yielding a prom-
ising diagnostic potential for non-enhanced magnetic
resonance angiography (MRA) [12]. Umutlu et al. dem-
onstrated the feasibility and diagnostic potential of dedi-
cated 7 T renal imaging [13]. Nevertheless, according to
the prior study, 1.5 T and 3 T MRI offered comparably
high-quality T2-weighted abdominal imaging, showing
superior diagnostic quality over 7 T MRI [12]. Besides,
the T2-weighted fast spin echo (FSE) sequence of renal
MRI at 7 T was proved to be strongly impaired because
of signal heterogeneities [13].

Recently, a whole-body 5 T MRI scanner was devel-
oped not only to inherit higher SNR and spatial resolu-
tion in neurology and orthopedics at 7 T but to open the
door of abdominal imaging at field strength beyond 3 T
[14]. In this prospective study, the aim was to investigate
the feasibility of abdominal imaging at 5 T, compared to
conventional 3 T in respect of SNR, contrast-to-noise
ratio (CNR), imaging artifacts, and image quality. More
specifically, the performance of structural and functional
renal MRI at 5 T was evaluated.

Methods

Participants

This prospective study was approved by the institutional
review board, and written signed consents were obtained
from all participants before each examination. All par-
ticipants were informed about the potential risks associ-
ated with high-field MRI, including mild nausea, vertigo,
headache, tingling, and tapping sensations because of
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peripheral nerve stimulation [15]. The inclusion criteria
were as follows: (a) healthy subjects in the absence of any
clinical history of renal diseases including renal stones;
(b) age between 18 and 65 years old. The exclusion crite-
ria were as follows: (a) hypertension (systolic or diastolic
pressure > 140/90 mmHg) or hypotension (systolic blood
pressure < 85 mmHg); (b) pregnancy (as determined by
urine pregnancy test); (c) abnormal findings of the kidney
on MRI; (d) any contraindication to MRI; and (e) incom-
plete MRI examination.

MRI acquisitions

For each subject, MRI examination was performed with
a 3.0-Tesla MRI scanner (uMR 790, United Imaging
Healthcare, Shanghai, China) and a 5.0-Tesla MRI scan-
ner (uUMR Jupiter, United Imaging Healthcare, Shanghai,
China). A custom-built 24-channel body coil was used for
all studies at 5 T using local B1 4 shimming for B1 + opti-
mization. Following MR sequences were acquired: a.
transverse breath-hold T1-weighted volume interpo-
lated gradient-echo sequence (QUICK 3D) with fat sup-
pression; b. coronal breath-hold T1-weighted QUICK
3D with fat suppression; c. transverse T2-weighted fat-
saturated FSE sequence with respiratory trigger. The
detailed MR protocols for anatomical imaging are listed
in Table 1.

For functional imaging, echo-planar imaging diffusion-
weighted imaging (EPI—DWI) with reduced FOV was
acquired. Besides, renal T2* mapping was performed
based on multi-echo GRE sequence. The detailed MR
protocols for functional imaging are listed in Table 2.

Qualitative image analysis

All the qualitative analyses were performed by two expe-
rienced radiologists (C.Y., with more than 14-years’ expe-
rience of abdominal MRI; M.Z., with more than 16-years’
experience of abdominal MRI) blindly and independently.
For the anatomical imaging, the overall image quality was
evaluated based on the corticomedullary differentiation
and the delineation of adrenal glands, proximal ureter,
renal arteries, and renal veins. For the functional imag-
ing, the overall image quality was evaluated based on
the corticomedullary differentiation and the renal edge
sharpness. The highest value of 4 was defined to repre-
sent the best image quality, while a score of 1 indicated
poor image quality.

Besides, for all the sequences, artifacts including B1
inhomogeneities, chemical shift, susceptibility, and
motion artifacts were also graded on a four-point scale
(4=no image impairment, 3 =slight artifact, 2=moder-
ate artifact, 1 =non-diagnostic due to artifact).
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Table 1 MRI protocols for anatomical imagingat3Tand 5T
Parameters Sequences

Axial TTW 3D GRE Coronal T1W 3D GRE Axial T2W FSE

3T 5T 3T 5T 3T 5T
TR (ms) 349 349 3.84 3.84 * *
TE (ms) 148 1.45 1.65 1.60 88.00 83.52
FA (°) 15 20 15 25 130 130
FOV (mm x mm) 300 x 400 300 x 400 380 x 380 380 x 380 300 x 380 300 x 380
Matrix 408 x 544 408 x 544 456 x 456 456 x 456 306 x 456 306 x 456
ST (mm) 3 3 3 3 6 6
Number of slices 66 66 64 64 24 24
Bandwidth (Hz/pixel) 700 700 600 600 260 260

“TR depends on the respiratory interval of participants

MRI magnetic resonance imaging; T1W T1-weighted; T2W T2-weighted; GRE gradient-echo; FSE fast spin echo; TR repetition time; TE echo time; FA flip angle; FOV field

of view; ST slice thickness

Table 2 MRI protocols for functional imagingat3Tand 5T

Parameters Sequences
EPI-DWI T2* mapping
3T 5T 3T 5T
TR (ms) * * 181.80 202.20
TE (ms) 89.30 65.60 2.29,5.56, 367,698,
8.83,12.10, 10.29, 13.60,
1537 16.91
FA (°) 90 90 60 60
FOV (mm) 120x 280 120x 280 300 x 400 300 x 400
Matrix 246 x 576 246 x 576 154 x 256 154 x 256
ST (mm) 4 4 5 5
Number of slices 24 24 28 28
Bandwidth (Hz/ 1660 1510 400 400
pixel)
b-value (s/mm 0,50,800 0,50,800 / /

(20

" TR depends on the respiratory interval of participants

MRI magnetic resonance imaging; EPIl echo-planar imaging; DWI diffusion-
weighted imaging; TR repetition time; TE echo time; FA flip angle; FOV field of
view; ST slice thickness

Quantitative image analysis

For the anatomical imaging, two experienced radiologists
(CY. and M.Z.) consensually placed ROIs on the liver-,
spleen-, renal cortex-, and muscle tissue. To minimize
spatial variation effects, the ROIs were of identical size
and placed at identical positions in all images avoiding
the inclusion of confounding structures like blood ves-
sels. Similar to prior comparison study [16], the contrast
ratio (CR) was calculated as

tissue)'

(1)

Based on these four ROIs, SNR was calculated by the
ratio of the mean signal value and the standard deviation
(SD) of the background.

For the functional imaging, the ROIs were placed on
the cortex and medulla separately. SNRs for cortex and
medulla were measured on DW1I images (b==800 s/mm?)
and T2* map. Furthermore, CNR of cortex/medulla was
calculated as

CR = (|Signaly,e, — Signalyg|)/ (Signalj, + Signal

CNR = (Signal — Signal )/noise

cortex medulla

(2)

For all the measurements, image noise was defined as
the shared SD out of the three ROI measurements out-
side the body.

For both 3 T and 5 T renal DWI, the apparent diffusion
coefficients (ADCs) were calculated from two b-values
(b=0, 800 s/mm?) by using a commercial workstation
(uWS-MR, United Imaging Healthcare). The voxel inten-
sity is given by

S = Soexp [-bADC] (3)

where Sy is the signal intensity without diffusion weight-
ing and b is the diffusion-sensitizing factor. T2* maps
were generated using a log-linear, least squares method
to fit the echo intensities pixel-by-pixel on the uWS-MR
work station.

Statistical analysis

The degree of agreement between the two radiologists
at qualitative analysis was assessed with the kappa sta-
tistic (0—0.2, slight agreement; 0.21-0.4, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.8, substantial
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agreement; > 0.8, excellent agreement). Wilcoxon signed
rank-sum test was used to compare the visual evaluation
scores and quantitative measurements between 3 and 5 T
MRI. The Wilcoxon signed rank-sum test was also used
to compare the individual cortical and medullary T2* and
ADC of all the subjects. The Bonferroni correction was
used to adapt the multiple tests. p-value <0.05 was con-
sidered to represent statistically significant differences.

Results

From January 2022 to July 2022, a cohort of 40 healthy
volunteers (27 male and 13 female subjects; age,
42.6+8.1 years) was finally included in this study. Two
subjects were excluded because of abnormal findings
of the kidney on MRI (n=1, renal cyst) and incomplete
MRI examination (7 =1).

All examinations at 5 T were performed successfully
and were well tolerated by the subjects without any side
effects. For all the sequences, interobserver agreement
was substantial to excellent in image quality score and
artifacts score (x>0.7). Since image quality scores and
artifacts scores of all the raters were comparable, the
mean scores of all the raters were used.

Breath-hold T1-weighted QUICK 3D sequence

Table 3 summarizes the qualitative image analysis results
for anatomical imaging, and Fig. 1 shows representative
images of coronal T1-weighted GRE sequence at 3 T and
5 T. For Breath-hold T1-weighted QUICK 3D sequence
in the coronal plane, the overall image quality at 5 T
(mean score 2.79) was significantly better than at 3 T
(mean score 2.70) with significantly higher conspicuity of
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the renal arteries (mean score 3.23 for 3 T, mean score
3.39 for 5 T, p=0.022) and veins (mean score 2.96 for
3 T, mean score 3.14 for 5 T, p=0.016). The presence
of artifacts for the 3 T MRI was not statistically signifi-
cantly different from the 5 T MRI (mean score 3.25 for
3 T, mean score 3.21 for 5 T, p=0.317). The same results
were obtained from breath-hold T1-weighted QUICK 3D
sequence in the axial plane (overall image quality: mean
score 2.56 for 3 T, mean score 2.72 for 5 T, p=0.001;
presence of artifacts: mean score 3.24 for 3 T, mean score
3.18 for 5 T, p=0.166).

The results of the quantitative evaluation are summa-
rized in Table 4. Compared to 3 T images, 5 T images
showed significantly higher SNR and CR for all analyzed
tissues in T1-weighted sequences (p<0.05 for all the
comparisons).

T2-weighted fat-saturated FSE sequence with respiratory
trigger

Figure 2 shows representative images of the T2-weighted
FSE sequence at 3 T and 5 T. For the T2-weighted FSE
sequence, 5 T MRI showed comparable overall image
quality to 3 T MRI (mean score 2.23 for 3 T, mean score
2.28 for 5 T, p=0.059), while a significantly higher level
of artifacts was observed at 5 T (mean score 3.21 for 3 T,
mean score 3.03 for 5 T, p=0.002). As shown in Table 4,
compared to 3 T images, 5 T images showed significantly
higher SNR and CR for all analyzed tissues (»<0.05 for
all the comparisons).

Table 3 Average scores of qualitative image analysis for anatomical imagingat3Tand 5T

Parameters Sequences

Axial TTW 3D GRE Coronal TTW 3D GRE Axial T2W FSE

3T 5T 3T 5T 3T 5T
Corticomedullary differentiation 331 3.29 3.26 318 2.55 261
p-value 0317 0.149 0.540
Adrenal gland 1.75 1.89 1.76 1.68 2.04 2.18
p-value 0.071 0335 0.087
Proximal ureter 2.10 218 2.35 2.50 2.54 244
p-value 0214 0.080 0.129
Renal artery 2.88 3.26 3.23 3.39 2.06 2.15
p-value 0.001 0.022 0.066
Renal vein 2.74 2.96 2.96 3.14 194 2.01
p-value 0.008 0.016 0.098
Overall image quality 2.56 2.72 2.70 2.79 2.23 2.28
p-value 0.001 0.022 0.059

TIWT1-weighted; T2W T2-weighted; GRE gradient-echo; FSE fast spin echo
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breath-hold T1-weighted GRE sequence at 5T

Fig. 1 T1-weighted images of a 46-year-old male. a, b Coronal, breath-hold T1-weighted gradient-echo (GRE) sequence at 3 T; ¢, d Coronal,

Functional MRI

For all the functional MRI sequences (Figs. 3 and 4),
including renal EPI-DWI sequence (overall image qual-
ity: mean score 2.99 for 3 T, mean score 3.29 for 5 T,
p<0.001; corticomedullary differentiation: mean score
2.89 for 3 T, mean score 3.31 for 5 T, p<0.001; renal edge
sharpness: mean score 3.09 for 3 T, mean score 3.26 for
5 T, p=0.007) and T2* mapping (overall image qual-
ity: mean score 3.15 for 3 T, mean score 3.48 for 5 T,
p<0.001; corticomedullary differentiation: mean score
3.13 for 3 T, mean score 3.54 for 5 T, p<0.001; renal edge
sharpness: mean score 3.18 for 3 T, mean score 3.41 for
5 T, p<0.001), the image quality of 5 T images was sig-
nificantly better than 3 T images, while there is no sig-
nificant difference between the presence of artifacts
(DWI: mean score 3.14 for 3 T, mean score 3.10 for 5 T,
p=0.083; T2* mapping: mean score 3.06 for 3 T, mean
score 3.03 for 5 T, p =0.439).

Compared to 3 T, SNR of the renal cortex at 5 T was
approximately 60% and 20% higher for DWI and T2*
mapping, respectively (Table 5). In the renal medulla,
SNR increases from 3 to 5 T were approximately 65%
(DWTI) and 15% (T2* mapping). CNR of cortex/medulla
at 5 T was approximately 80% (DWI) and 30% (T2* map-
ping) higher compared to 3 T. All differences reached sta-
tistical significance.

ADC of the cortex was significantly higher than that
of the medulla at both 3 T and 5 T (p=0.018 for both
3 T and 5 T). Further, there was no significant difference
between measured ADC values at 3 T and 5 T for both
cortex (1.92 x 1073 mm?/s at 3 T and 1.96 x 10~ mm?/s
at 5 T, p=0.176) and medulla (1.38 x 1073 mm?/s at 3 T
and 1.41 x 1073 mm?/s at 5 T, p=0.398).

T2* value of the cortex was significantly higher than
that of the medulla at both 3 T and 5 T (p=0.001 for
both 3 T and 5 T). Compared to 3 T, renal MRl at 5 T
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Table 4 Quantitative image analysis results for anatomical imagingat3Tand 5T
Parameters Sequences

Axial TTW 3D GRE Coronal T1W 3D GRE Axial T2W FSE

3T 5T 3T 5T 3T 5T
SNR (renal cortex) 202.84£58.97 310.50£81.73 137404+63.79 205.78+7548 43480+127.36 799.59+£27345
p-value 0.001 0.001 0.001
SNR (liver) 239.68+£116.18 34793+£137.50 155.654+97.15 232.074+11894 138.864+37.23 162.70+54.00
p-value 0.001 0.001 0013
SNR (spleen) 204.83 +74.09 303.21+£6346 127.814+56.33 20041 +66.96 329.66+£ 10546 4811717274
p-value 0.001 0.001 0.001
SNR (muscle) 206.97 £72.96 31057 £57.64 129.70+72.02 190.85+75.09 151.134+49.83 319.40+£8573
p-value 0.001 0.005 0.001
CR (renal cortex/liver) 0.10+0.07 0.154+0.07 0.08+0.06 0.11+0.06 0.51+0.05 0.6640.08
p-value 0.026 0.013 0.001
CR (spleen/liver) 0.0740.06 0.0940.08 0.08+0.07 0.10+£0.07 0.39+0.09 0.4940.05
p-value 0.030 0016 0013
CR (muscle/liver) 0.07£0.06 0.10£0.07 0.08+£0.06 0.11+£0.07 0.12+£0.08 0.33+0.12
p-value 0.030 0.009 0.002

SNRs and CRs are given as mean + standard deviation

T1WT1-weighted; T2W T2-weighted; GRE gradient-echo; FSE fast spin echo; SNR signal-to-noise ratio; CR contrast ratio

resulted in significantly shorter T2* values in both the
cortex (69.33 ms at 3 T and 46.53 ms at 5 T, p<0.001) and
medulla (28.92 ms at 3 T and 16.29 ms at 5 T, P<0.001).

Discussion

In this study, concerning T1-weighted sequences, 5 T
MRI demonstrated better overall image quality with
higher conspicuity of the renal veins and arteries than 3 T
MRI. The presence of artifacts was comparable between 3
and 5 T on T1-weighted sequences. For the T2-weighted
FSE sequence, 5 T MRI showed comparable overall image
quality to 3 T MRI, while a significantly higher level of
artifacts was observed at 5 T. Furthermore, 5 T MRI con-
tributed to higher SNR and CR for abdomen organ tis-
sues, including liver, spleen, and kidneys. Prior studies
stated that these higher SNRs enable an improvement in
the evaluation of anatomical details as well as increased
accuracy for the depiction of pathological findings [7,
17, 18]. For functional imaging at 5 T, SNR of cortex and
medulla and CNR of cortex/medulla were significantly
higher than those at 3 T, leading to improved corticome-
dullary discrimination. There was no significant differ-
ence between measured ADC values at 3 T and 5 T for
both cortex and medulla. T2* relaxation times decreased
with the increase of magnetic field strength.

Despite the lack of intravenous contrast agent, the
inherently high signal intensity of the non-enhanced
vasculature in the T1-weighted sequence at 5 T pro-
vided super conspicuity of the renal vasculature, which

is confirmed by previous 7 T T1-weighted MRI investi-
gations [19, 20]. The T1 times of surrounding stationary
tissue are prolonged by 10-20% compared with blood
[21]. Hence, due to the decreased relaxation rate, fast
repetitions of RF excitation pulses result in improved
background signal suppression of static tissues associ-
ated with improved vessel-to-background contrast. This
potential for robust vascular imaging without contrast
agent is attractive because of the lower cost and data
linking nephrogenic systemic fibrosis to gadolinium
contrast agent exposure [22]. Furthermore, the prior
study revealed that T1-weighted sequences at 7 T MRI
showed significantly higher impairment due to the pres-
ence of artifacts, compared to 3 T MRI [12]. However,
in this study, no significant differences were observed
for T1-weighted sequences in the presence of artifacts
between 3 and 5 T MRI. The possible explanation is that
motion artifacts are not substantially reinforced at higher
field strength and that factors such as patient compliance,
positioning, and fixation are crucial [23]. In addition,
the B1 inhomogeneity and susceptibility artifacts were
more pronounced at 7 T MRI than at 5 T MRI. Therefore,
T1-weighted sequences at 5 T have potential to be uti-
lized in clinical settings.

T2-weighted MR sequences are considered as a sig-
nificant tool to characterize abdominal lesions [24, 25].
However, the T2-weighted FSE sequence for abdominal
imaging at ultra-high field MRI remains challenging and
is susceptible to be strongly impaired because of signal
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Subject 1

Subject 2

Fig. 2 Axial, T2-weighted fast spin echo (FSE) sequence at 3T (aand ¢) and 5T (b and d) from subject 1 (49-year-old male) and subject 2
(40-year-old male). For subject 2, T2-weighted FSE at 5 T exhibited a higher level of artifacts compared to the 3 T examination

heterogeneities [13, 26]. SAR restrictions on the one hand
and the limited available RF peak power available for
achieving the large flip angles needed for spin echo
imaging on the other hand are unsolved challenges [27].
Though recent methodological developments regard-
ing transmit strategies and SAR supervision enabled the
exploitation of the potential of whole-body imaging at
ultra-high field MRI, few studies reported the investiga-
tions about T2-weighted abdominal imaging [13, 28].
Our results, in accordance with previous comparison
studies, showed that susceptibility artifacts and B1 inho-
mogeneities of T2-weighted images were significantly

increased as compared to lower field strengths [12, 29].
Nevertheless, the image quality of T2-weighted images at
5 T was scored as high as for 3 T. The possible explana-
tion is that the overall image quality of the T2-weighted
FSE sequence was evaluated based on the corticomedul-
lary differentiation and the delineation of adrenal glands,
proximal ureter, renal arteries, and renal veins. Besides,
though a significantly higher level of artifacts was
observed at 5 T, the numbers of scores were not substan-
tially different (mean score 3.21 for 3 T, mean score 3.03
for 5 T) and the artifacts at 5 T were no to slight impair-
ment without substantial effect on the image quality.
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Fig. 3 Diffusion-weighted images and corresponding apparent diffusion coefficient map at 3T (@and ¢) and 5T (d and f) from a 42-year-old female

TE = 3.67 ms TE = 6.98 ms TE=10.29 ms

TE=16.91ms

Fig. 4 Axial, multi-echo gradient-echo T2* mapping at 5 T from a 56-year-old female
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Table 5 Quantitative image analysis results for functional
imagingat3Tand 5T
Parameters Sequences

DWI (b =800 s/mm?) T2* map

3T 5T 3T 5T
SNR (cortex) 2204+£542 36.134£892 24934511 3021+£5.18
p-value 0.001 0.001
SNR (medulla) 1468+445 2428+6.78 14.87+420 17.08+4.03
p-value 0.001 0.036
CNR (cortex/ 6.60£230 11.86+548 1006+£339 13124357
medulla)
p-value 0.001 0.017

SNRs and CNRs are given as mean =+ standard deviation

DWI diffusion-weighted imaging; SNR signal-to-noise ratio; CNR contrast-to-
noise ratio

DWT is a powerful method that has been used to evalu-
ate a variety of renal pathologies, including focal lesions,
acute and chronic disease, and allografts [30—32]. Critical
shortcomings of EPI-DWI image quality are susceptibil-
ity-related artifacts that scale linearly with the magnetic
field strength [33]. To minimize these artifacts, several
acquisition methods, including reduced FOV acquisition,
have been proposed which aim for a reduction of the
echo train length [34]. In this study, for high-resolution
renal EPI-DWI sequence with reduced FOV, the image
quality of 5 T images was significantly higher than 3 T
images, while there was no significant difference in the
level of artifacts. ADC of the cortex is significantly higher
than that of the medulla at both 3 T and 5 T, which is
supported by prior studies [30, 35]. Moreover, our results
demonstrated that there was no significant difference
between measured ADC values at 3 T and 5 T for both
cortex and medulla. Theoretically, ADC is independent
of the magnetic field strength [36]. According to previ-
ous studies, the effect on ADC measurements is of minor
importance for 1.5- and 3.0-T MR systems from the same
vendor, and ADC values of renal cortex and medulla were
in the same range for both field strengths [37, 38].

Renal tissue hypoxia plays an important role in the
pathophysiology of acute kidney injury and its progres-
sion to chronic kidney disease [39]. The pathophysiol-
ogy of diabetic nephropathy is also thought to be heavily
influenced by the disturbance of the equilibrium between
renal oxygen supply and demand [40]. Thus, in vivo
assessment of renal tissue oxygenation is crucial. As the
increased concentration of deoxyhemoglobin contrib-
utes to shorter T2* [41], T2*-weighted map obtained by
multi-echo GRE sequence could be used to depict the
oxygenation level within the kidneys in both healthy sub-
jects and patients with renal diseases. The benefits of this
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blood oxygen level-dependent (BOLD) MRI technique
at higher magnetic field strength (>3 T) are potentially
large because its sensitivity to detect differences in oxy-
genation improves at higher fields [41]. Theoretically, T2*
and R2* magnitude is scaled by magnetic field strength
[42]. In accordance with previous studies [43], our results
revealed that T2* relaxation times in both cortex and
medulla significantly decreased with the increase of mag-
netic field strength.

This study had several limitations. First, our study
population was relatively small and consisted entirely of
healthy subjects. Further research with a large number of
subjects and patients with abdominal diseases is neces-
sary. Second, in this study, the protocols of DWI and T2*
mapping used were only dedicated to assess renal paren-
chyma. Protocols for the evaluation of other abdomen
organs, especially the liver, need to be developed. Third,
the spatial coverage of the imaging sequences in this ini-
tial study is limited. Other functional imaging sequences,
such as dynamic contrast-enhanced (DCE) and arte-
rial spin labeling (ASL) sequences, could be the focus of
future studies.

Conclusions

In summary, this initial study indicated that 5 T MRI
provides anatomical and functional images of the abdo-
men with image quality comparable to or better than 3 T.
T1-weighted sequence at 5 T demonstrated higher con-
spicuity of the renal veins and arteries. Besides, for DW1I
and T2* mapping, 5 T MRI contributed to improved
corticomedullar discrimination than 3 T MRI. Further
optimization of sequences and RF technology can be
expected to enable the acquisition of better image quality
with corresponding clinical diagnostic value.
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