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Contrast-enhanced magnetic resonance (MR) T1 mapping
with low-dose gadolinium-diethylenetriamine pentaacetic

acid (Gd-DTPA) is promising in identifying clear cell renal cell
carcinoma histopathological grade and differentiating fat-poor
angiomyolipoma
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Background: This study aimed to identify clear cell renal cell carcinoma (ccRCC) histopathological
grade and differentiate it from fat-poor angiomyolipoma (AML). This was achieved through contrast-
enhanced magnetic resonance (MR) T1 mapping with intravenous low-dose gadolinium-diethylenetriamine
pentaacetic acid (Gd-DTPA).

Methods: In total, 56 consecutive patients received MR scanning between January 2016 and December
2018 using the pre- and post- contrast-enhanced T'1 mapping sequences with low-dose Gd-DTPA (0.036
mmol/kg). RCCs were pathologically proven in 40 patients after surgery and graded according to the
International Society of Urological Pathology (ISUP) classification system. Ten AMLs were pathologically
proven by surgery histopathology and six AMLs were diagnosed by magnetic resonance imaging (MRI).
Patients were followed up for more than half a year. The mean T'1 values of the renal lesion and ipsilateral
normal renal parenchyma were measured before and after Gd-DTPA administration (T'1p and Tle). The
reduction of T'1 value (T'1d) and the ratio of its reduction (T'1d %) were calculated and compared.

Results: In 40 ccRCCs, higher-grade [International Society of Urologic Pathology (ISUP) grade 3 and 4]
and lower-grade (ISUP grade 1 and 2) ccRCCs were noted in 13 and 27 patients, respectively. The mean
T1p was 1,514.8+139.4 ms and the mean T1d was 907.7£193.7 ms in the higher-grade ccRCCs, which were
significantly higher than in the lower-grade ccRCCs (T'1p =1,251.7«151.5 ms and T1d =648.5+218.2 ms,
respectively; P<0.001). Fat-poor AMLs had higher T1p (1,677.32104.8 ms) and Tle (865.6+251.5 ms) as
compared to ccRCCs (P<0.001). Combined T1p + T1d showed the highest area under the curve (AUC)
(0.912) in the differentiation of higher-grade ccRCCs from lower-grade ccRCCs (P=0.010). Combined T1p
+ Tle had the highest AUC (0.956) in the differentiation between ccRCCs and fat-poor AMLs (P=0.010).
All T1 mapping metrics could discriminate between normal renal parenchyma and renal lesions (P<0.001).
No significant difference was found in the T1p and Tle at different parts of the ipsilateral normal renal
parenchyma. Interobserver agreement for quantitative longitudinal relaxation time in the T1 maps was
excellent.

Conclusions: Contrast-enhanced T1 mapping with low-dose Gd-DTPA may provide a more reliable and
accurate approach in identifying ccRCCs histopathological grade and differentiating ccRCCs from fat-poor
AMLs.
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Introduction

Renal cell carcinomas (RCCs) are the most common
urologic malignancies and can be divided into various sub-
types, among which clear cell RCC (ccRCC) is the most
common (about 70%) (1). Different grades of ccRCC
exhibit distinct biological behaviors and clinical prognoses
(2,3). Minimally invasive therapies, such as percutaneous
radiofrequency, cryoablation, microwave, and high-intensity
focused ultrasound ablation, have been used as alternatives
to surgical treatment for RCCs (4,5). Determination of the
tumor grade of ccRCCs by magnetic resonance imaging
(MRI) before surgery is vital for clinical decision-making
in the management of ccRCCs. MRI is a noninvasive
technique that may be used to characterize renal tumors
using various functional imaging sequences. In particular,
T1 mapping may vary with different diseases, as reflected
by the resulting images (6,7). T1 mapping is based on a
parametric map in which each pixel represents the T'1 spin-
lattice relaxation time. The T1 relaxation time, which
measures the mobility of molecules, is a molecular signature
of healthy or diseased tissues. Recent studies on cardiac
MRI showed that T'1 mapping was efficient in quantifying
the diffuse and focal myocardial edema and fibrosis in
patients with myocardial infarction or cardiomyopathy
(8-11). In the kidney, T'1 mapping can differentiate the
cortex and medulla in the normal renal parenchyma (12),
and the T1 relaxation time has been shown to be a reliable
marker of injury and can potentially identify pathological
changes, including edema, inflammation, and fibrosis (13).
Due to the evident T1-shortening effect after intravenous
injection of gadolinium-diethylenetriamine pentaacetic
acid (Gd-DTPA), the alteration in the T'1 relaxation time
can be measured quantitatively by T'1 mapping. Contrast-
enhanced T1 mapping has been reported to be more
reliable for predicting the progression of chronic kidney and
liver diseases and the degree of differentiation of malignant
tumors (14-16).

It has been reported that nephrogenic systemic fibrosis
(NSF) and acute anuric renal failure are associated with
the use of Gd-based contrast agents (CAs) in patients
with underlying renal insufficiencies, with nephrotoxic

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

effects occurring at a dosage of 0.27 mmol/kg or even
below 0.2 mmol/kg body weight (17-21). The association
between the repetitive application of Gd-based (linear) CAs
and the Gd deposition in the brain and other organs has
also triggered awareness of such issues with Gd-based CAs,
and there has been a shift toward techniques that allow for
a reduced dose of Gd-based CAs (22-24). As a functional
magnetic resonance (MR) technique, T1 mapping has
attracted attention for its ability to detect renal injuries due
to its reduced CA administration requirements, but few
studies have reported which contrast-enhanced T'1 mapping
is more applicable for characterizing renal neoplasms.

The aim of this study was to investigate the feasibility of pre-
and post-contrast-enhanced T'1 mapping with low dose Gd-
DTPA, in order to evaluate the ccRCCs histological grade and
differentiate ccRCC from poor-fat angiomyolipoma (AML).

Methods
Study design and population

This study was approved by the institutional review board
of our hospital. All patients were diagnosed with renal
lesions by ultrasonography and received further MRI
for clinical examinations. Patients were informed about
the purpose, benefits, and risks of these MR scanning
protocols, and informed consent was obtained from each
patient. Patients with preoperatively suspected ccRCCs
based on MRI, who underwent surgery and received
histological grading according to the International Society
of Urological Pathology (ISUP) criteria, were recruited into
this study. Patients with ipsilateral healthy kidneys lacking
renal malignancies or complex cysts were also included in
a separate healthy cohort. The exclusion criteria were as
follows: (I) the quality of MR images was poor, (I) patients
were allergic to Gd-DTPA, (III) patients were diagnosed
with fat-rich AMLs, (IV) the solid components in the tumor
were difficult to characterize. The grade 1 and grade 2
ccRCCs were placed into the lower-grade group, and the
grade 3 and grade 4 ccRCCs were placed into the higher-
grade group, due to limited number of patients with grade 1
(n=3) or grade 4 (n=1) ccRCCs.
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Table 1 Protocols of magnetic resonance sequences

T1-weighted in-phase or

Contrast-enhanced

Sequence opposed-phase image T2-weighted image T2-weighted image VIBE T1 mapping
Scan plane Axial Axial Coronal Axial Axial
TR/TE (ms) 240/2.31, 3.69 1,300/89 1,300/93 3.92/1.39 5.66/1.92
Slice thickness (mm) 4 4 4 3 4
FoV (mm?) 285x380 285x380 380x380 380x308 360x326
Matrix 134x256 134x256 179x256 182x320 290x320
Voxel size (mm®) 2.1x1.5x4 2.1x1.5x4 2.1x1.5x4 1.7x1.2x3 1.1x1.1x4
Flip angle (°) 70 160 160 9 2/14
NEX 1 1 1 1 1
Bandwidth 930 781 781 400 260
Fat saturation None None None Yes None

TR, repetition time; TE, echo time; FoV, field of view; NEX, number of excitations; VIBE, volumetric interpolated breath-hold examination.

MRI protocols

All patients with renal-occupying lesions were scanned
continuously with the same 3.0T MRI system (Verio,
Siemens Medical Solutions, Germany) using a 16-channel
phased-array abdominal coil (Siemens, Germany). The
renal MR protocols included axial T'1-weighted in- and out-
phase imaging, axial and coronal T2-weighted imaging, fat
saturation volumetric interpolated breath-hold examination
(VIBE)-T1-weighted imaging, and native Tl mapping.
Multiphase contrast-enhanced VIBE-T1-weighted images
were acquired at 20, 45, and 180 s after intravenous
administration of Gd-DTPA. The enhanced T1 mapping
was acquired at 90-120 s after Gd-D'TPA administration.
Each T1 mapping sequence scanning was acquired
with about 15 s of breath-holding. A parallel imaging
technique (R factor of 2) was performed using generalized
autocalibrating partially parallel acquisitions (GRAPPA).
The duration of each MRI was about 20 min. The detailed
MR parameters are listed in Table 1.

The Gd-DTPA (gadopentetate dimeglumine injection,
Xudong-Haipu Pharmaceutical Ltd.) was administered at
0.036 mmol/kg and intravenously injected at 2.0 mL/s.

Quantitative MR image analysis

MR images were analyzed in the workstation (Siemens
Syngo Leonardo). T1-relaxation times were calculated on a
pixel-by-pixel basis within the regions of interest (ROIs) in
a color distribution map. Circular 2-dimensional ROIs were
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manually selected as the section showing enhanced intensity
upon Gd-DTPA injection, and encapsulated or necrotized
tumor tissues, vessels, and fat tissues were avoided but
identified by a lack of decrease in the signal intensity (SI)
on opposed-phase images. Two radiologists, each with
5 years of experience in abdominal MRI, delineated ROIs
independently and were blind to the pathology. Each
ROI was placed in the same area of a lesion in pre- and
post-contrast cases. The ROI for measurements of renal
parenchyma was placed in different parts (upper, hilum,
lower) of the normal ipsilateral renal parenchyma. The
reduction in T1 values (T'1d) after enhancement, and the
ratio of T'1 reduction (T'1d%) was calculated as follows:
T1d = Tlp - Tle; T1d% = (Tlp - T1e)/T1p x100%. T1
mapping metrics were performed 3 times by two observers,
and the mean values were calculated.

Statistical analysis

SPSS version 20.0 software (SPSS Inc, Chicago, IL, USA)
was used for all statistical analyses. All metrics are presented
as the mean * standard deviation (SD). Normality tests
and homogeneity of variance tests were performed. One-
way analysis of variance (ANOVA) was used to compare the
T1 values at different parts of the normal ipsilateral renal
parenchyma. The differences in T1 mapping parameters
between ccRCCs and fat-poor AMLs and between lower-
grade ccRCCs and higher-grade ccRCCs were compared
using the independent samples #-test or Mann-Whitney
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Table 2 T1p, Tle, T1d, and T1d% for renal lesions and normal renal parenchyma

991

Renal lesions and

normal parenchyma T1p (ms) T1e (ms) T1d (ms) T1d% (%)
G1 1,062.4+98.1 649.3+319.5 413.1+243.2 40.0+25.2
G2 1,283.3+117.9 598.0+177.3 685.3+198.00 53.2+13.5
G3 1,512.2+151.2 613.1£171.8 899.1+208.1 59.3+10.6
G4 1,546.2 535.4 1,010.8 65.3
G1+G2 1,251.7+151.5 603.2+190.3 648.5+218.2 51.7+14.8
G3 + G4 1,514.8+139.4 607.1+159.3 907.7+193.7 59.8+9.9
All ccRCCs 1,341.9+182.4 604.8+180.0 737.1£241.0 54.1£14.2
AML 1,677.3+104.8 865.6+251.5 811.7+251.4 48.4+14.3
Parenchyma 1,998.3+129.6 476.8+124.1 1,521.5+161.7 76.1+6.1

T1p, native T1 values; T1e, enhanced T1 values; T1d, reduction of T1 values; T1d%, ratio of T1 reduction; ccRCCs, clear cell renal cell

carcinomas; AML, angiomyolipoma.

U test. A receiver operating characteristic (ROC) curve
analysis was used to assess the ability of T1 mapping
parameters to distinguish fat-poor AMLs from ¢cRCCs
and to distinguish between the different grades of ccRCCs.
Interobserver agreement was calculated using the intraclass
correlation coefficient (ICC). ICC values of 0.00-0.39,
0.40-0.59, 0.60-0.74, and 0.75-1.00 indicated poor, fair,
good, and excellent agreement, respectively. A value of P
lower than 0.05 was considered statistically significant.

Results
Study population and histologic results

The patients with obvious motion artifacts of MR images
or allergy to Gd-DTPA received the CT for clinical
examination. Seven fat-rich AMLs were excluded, and
ten patients were excluded because the majority of the
tumor was encapsulated or the necrotic band had no
regions for ROI designation. Finally, 56 patients were
included for analysis. There were 40 patients with ccRCC
(age: 53.2£12.4 years) who underwent partial or radical
nephrectomy and subsequent pathological examinations,
with 16 patients being diagnosed with poor-fat AML (age:
48.6£17.4 years). For AMLs, 10 patients were pathologically
diagnosed with fat-poor AMLs after surgery, and 6 fat-poor
AML patients were diagnosed and followed up by MRI
for more than half a year. The maximum ccRCC diameter
ranged from 1.2 to 8.6 cm (mean: 3.97+2.15 cm). AMLs
diameter ranged from 1.5 to 6.7 cm (mean: 2.89+1.48 cm).
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In total, 40 ccRCCs were histologically graded according to the
ISUP classification system, including grade 1 in 3 patients, grade
2 in 24 patients, grade 3 in 12 patients, and grade 4 in 1 patient.

T1 mapping with low-dose Gd-DTPA for identifying the
solid tissue of renal lesions

As showed in Table 2, T'1 values of renal lesions and
normal parenchyma were altered to different extents after
administration of low-dose Gd-DTPA (0.036 mmol/kg).
The mean ratio of T'1 alteration was -54.07% for ccRCCs
and -48.39% for fat-poor AMLs. There was a significant
change between T1p and Tle for ccRCCs (P<0.001)
and AMLs (P<0.001) after Gd-DTPA administration. All
T1 mapping metrics could readily discriminate between
normal renal parenchyma and renal lesions (P<0.001).
No significant difference was found in the native T1 and
enhanced T'1 values at different parts of the ipsilateral
normal renal parenchyma (P>0.05).

Comparison of T1p, Tle, T1d, and T1d% between fat-
poor AMLs and ccRCCs, and between lower-grade CcRCCs
and bigher-grade ccRCCs

The T1 mapping parameters are shown in Tibles 3,4. The
box-and-whisker plots are displayed in Figure 1. Higher-
grade ccRCCs (ISUP grades 3 and 4) showed significantly
higher T1p and T1d values as compared to lower-grade
ccRCCs (ISUP grades 1 and 2) (P<0.001, P=0.001). The
Tle and T1d% between ISUP grades 1-2 and 3-4 were
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Table 3 Comparative analysis of T'1 mapping parameters between fat-poor AMLs and ccRCCs

95% ClI
Parameters P AUC Cutoff value Sensitivity (%) Specificity (%)
Lower limit Upper limit

Tip <0.01 0.938 1,421.1 100.0 75.0 0.88 1.00
T1e <0.01 0.830 593.4 100.0 65.0 0.73 0.94
T1d 0.306 0.605 804.0 62.5 30.0 0.43 0.78
T1d% 0.211 0.608 56.1 57.5 26.2 0.45 0.76
Tip + T1e 0.010 0.956 1,844.1 93.8 81.3 0.91 1.00

Note: T1p, native T1 values; T1e, enhanced T1 values; T1d, reduction of T1 values; T1d%, ratio of T1 reduction; T1p + T1e, combined
parameter of ROC curve analysis for differentiation between fat-poor AMLs and ccRCCs; ROC, receiver operating characteristic; AUC,
area under the curve; Cl, confidence interval; ccRCCs, clear cell renal cell carcinomas; AML, angiomyolipoma.

Table 4 Comparative analysis of T'1 mapping parameters between lower-grade ccRCCs and higher-grade ccRCCs

95% ClI
Parameters P AUC Cutoff value Sensitivity (%) Specificity (%)
Lower limit Upper limit

Tip <0.01 0.903 1,304.1 100.0 70.4 0.81 1.00
T1e 0.718 0.536 534.2 76.9 44.4 0.35 0.72
T1d 0.001 0.798 756.2 84.6 70.4 0.66 0.94
T1d% 0.161 0.624 46.4 92.3 37.0 0.45 0.80
Tip + T1d 0.010 0.912 1,368.8 100.0 70.4 0.84 1.00

Note: T1p, native T1 values; T1e, enhanced T1 values; T1d, reduction of T1 values; T1d%, ratio of T1 reduction; T1p + T1d, combined
parameter of ROC curve analysis for differentiation between lower-grade ccRCCs and higher-grade ccRCCs; ROC, receiver operating
characteristic; ccRCCs, clear cell renal cell carcinomas; AUC, area under the curve; Cl, confidence interval.
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Figure 1 Distribution of T1p, Tle, T1d, and T1d% across different ISUP grades of ccRCC and AML. *, P<0.05. RCC, renal cell

carcinoma; ISUP, International Society of Urological Pathology; ccRCC, clear cell renal cell carcinoma; AML, angiomyolipoma.

similar. Fat-poor AMLs had higher T1p and T'le values as Diagnostic value of T1 mapping parameters by ROC curve
compared to ccRCCs (P<0.001). The T1d and T1d% were analysis

also comparable between fat-poor AMLs and ccRCCs in ROC curves analysis results are shown in Tables 3,4. The
the nephrographic phase (P>0.05). ROC curves (Figure 24) of T1p and T1d in discriminating
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Figure 2 Receiver operating characteristic curves to assess the parameters of T1 mapping for differentiation between fat-poor AMLs

and ccRCCs, and between lower-grade ccRCCs and higher-grade ccRCCs. (A) The diagnostic performance of T1 mapping as a binary

classifier in discriminating between ISUP grades 1/2 and 3/4; (B) the diagnostic performance of T'1 mapping as a binary classifier in

discriminating between ccRCC and AML. ISUP, International Society of Urological Pathology; ccRCC, clear cell renal cell carcinoma;

AML, angiomyolipoma.

between lower-grade ccRCCs and higher-grade ccRCCs
were plotted, and the AUC was 0.903 for T1p and 0.798
for T1d. The best cutoff values for finding higher-grade
ccRCCs were 1,304.1 ms for T'1p and 756.2 ms for T1d.
For Tlp, the sensitivity reached 100.0%, and specificity was
70.4% in the diagnosis of ccRCCs. For T1d, the sensitivity
reached 84.6%, and specificity was 70.4% in the diagnosis
of ccRCCs. Combined T1p + T1d showed the highest AUC
(0.912) in differentiating between higher-grade ccRCCs and
lower-grade ccRCCs.

The ROC curves of Tlp and Tle in discriminating
between fat-poor AMLs and ccRCCs are shown in
Figure 2B, and the AUCs were 0.938 for T1p and 0.830 for
Tle. The best cutoff values were 1,421.1 ms for T1p and
593.4 ms for Tle. For T1p differentiation between fat-poor
AMLs and ccRCC, the sensitivity reached 100.0%, and the
specificity was 75.0%, while for T'le, the sensitivity reached
100.0% and the specificity was 65.0%. The combined
T1p + Tle had the highest AUC (0.956) in differentiating
between ccRCCs and fat-poor AMLs.

Interobserver agreement for quantitative T1
measurements

In this study, the ICCs of T1 mapping were 0.85 (95%
CI: 0.74-0.91) for T1p and 0.84 (95% CI: 0.73-0.91) for
T1le. These results indicated an excellent interobserver
agreement.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Discussion

This study showed that enhanced T'1 mapping with low-
dose Gd-DTPA can be used to quantitatively evaluate
the renal masses. T1 values of solid renal lesions and
normal parenchyma were altered to differing extents after
administration of low-dose Gd-DTPA (0.036 mmol/kg).
The mean ratio of T'1 alteration was -54.07% for ccRCCs
and -48.39% for fat-poor AMLs, and there were significant
differences between T1p and Tle in ccRCCs and AMLs
(P<0.001) after Gd-D'TPA administration. All T1 mapping
metrics could readily discriminate between normal renal
parenchyma and renal lesions. This study also showed
that higher-grade ccRCCs could be distinguished from
lower grade ccRCCs based on T1p and T1d values, while
combined T1p + T1d had the highest AUC (0.912) for
differentiation between higher-grade ccRCCs and lower-
grade ccRCCs. Even poor-fat AMLs, which are usually
misdiagnosed as RCCs, had higher T1p and T1e values
as compared to ccRCCs, while enhanced T1 mapping
could provide quantitative parameters to differentiate fat-
poor AMLs from ccRCCs. Overall, enhanced T1 mapping
has potential as an effective and sensitive technique for
identifying ccRCC histological grade and differentiating
ccRCCs from fat-poor AMLs.

In the present study, low-dose (0.036 mmol/kg weight)
Gd-DTPA was intravenously injected for enhanced T1
mapping. The dose was nearly one-third of the standard
dose of Gd-D'TPA (0.1 mmol/kg) for contrast-enhanced

Quant Imaging Med Surg 2020;10(5):988-998 | http://dx.doi.org/10.21037/qims-19-723



994

MRI or MR angiography, but it also yielded a significant
difference in the T'1 value among different renal-occupying
lesions. This effect made it easy to identify the solid tissues
of renal neoplasms and made the normal renal parenchyma
differentiable due to the difference in the blood supply
(Figure 3). In addition, patients with renal cancer are more
likely to have chronic kidney disease (CKD) at the time
of diagnosis and treatment (either radical nephrectomy
or partial nephrectomy) than the general population (25).
Therefore, clinicians should be aware of the patient's renal
function when they plan for surgeries. Low-dose CAs can
also significantly reduce the impact of imaging on renal
function and decrease the economic burden to patients.

As shown in some studies, MR T'1 mapping can provide
quantifiable information on longitudinal relaxation
via T1 relaxation data and has been applied in several
clinical studies (26-28). However, most of the current
renal MR sequences only provide SI measurements for
semiquantitative or qualitative analysis, which may be
affected by various technical factors. The main advantage
of T1 mapping is that the T1 longitudinal relaxation time
as an absolute value is more stable (29), and it is an intrinsic
and fundamental property of a given tissue, reflecting the
extracellular expansion and underlying pathophysiological
processes and enabling direct T'1 quantification (30). Our
study showed that enhanced T1 mapping combined with
T1 mapping was better than T1 mapping alone and can
thus provide quantitative parameters for differentiating
ccRCCs from AMLs, increasing the diagnostic efficiency.

ccRCC, the most common subtype of RCC, often shows
aggressive behaviors with a relatively higher incidence
of metastasis and reduced survival rate as compared to
other renal tumors (2,31). Evaluation of tumor grade is
critical because higher-grade ccRCCs are often associated
with increased aggressiveness, survival, and metastatic
potential (32). Accurate assessments of the masses, including
the identification of histological subtype and grade, are
therefore vital for the appropriate treatment. The technique
used in our study is easy to apply in clinical practice as T'1
mapping can be done automatically during MRI. In terms
of histology, the components of ccRCCs mainly include
cells with clear cytoplasm and necrosis, hemorrhage, and
cystic degeneration (33). There are two potential reasons
why higher-grade ccRCCs show significantly higher
T1p values. First, lower-grade ccRCCs are composed of
relatively large tumor cells with clear cytoplasm, which
means they have more intracellular lipids yielding lower

T1p values. Secondly, higher-grade ccRCCs have higher
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degrees of necrosis, which both occur in the form of
macroscopic zones and as micronecrosis. Macroscopic
zones are difficult to exclude when delineating ROIs
and are therefore included for the ROI analysis, possibly
affecting the native T'1 values (34,35). ccRCCs are highly
vascularized tumors and can secrete growth factors that act
on endothelial cells to stimulate angiogenesis, which helps
the tumor recruit blood vessels from adjacent tissues (36).
A previous study indicated that higher-grade ccRCCs have
higher angiogenic activity than lower-grade ccRCCs (37),
while it was also found that microvessel density was reduced
with the increase of nuclear grade (36). However, the
decreased vascular density can be explained as either a focus
of fibrosis or the development of large vessels, which is
associated with a poor prognosis (38). Based on the above
findings, T'1d may increase with the increase of ISUP grade.
Therefore, the T1d value may directly reflect the blood
supply of tumors and can be used instead of SI to evaluate
the degree of enhancement in tissues. Recent studies (39,40)
have shown that enhanced T1 mapping may represent an
in vivo biomarker for the differentiation of lower- and
higher-grade ccRCCs. Also, the native T'1 values and MR-
derived extracellular volumes were significantly associated
with the histological collagen volume. In our study, the
native T'1 values and the reduction of T1 values were
determined in different grades of ccRCCs. However, our
results showed higher native T'1 values as compared to
those previously reported because a higher magnetic field
strength was used in this study. These differences may also
be explained by the fact that the accuracy, precision, and
reproducibility might have been different among different
T1 mapping sequences, possibly affecting T'1 values (41).
AMLs are the most common benign solid renal tumor
(42,43). Most AMLs contain some fat tissues that can be
recognized on computed tomography (CT) and MR images,
and thus these tumors can be easily differentiated from
RCCs without biopsies or surgery. However, AMLs with a
small amount of fat may or may not show SI on opposed-
phase MR images, therefore making fat-poor AMLs
and fat-invisible AMLs unable to be differentiated from
RCCs (44). In particular, fat-poor AMLs cannot be
differentiated from ccRCCs rich in cytoplasmic lipids
(45-47). Our study indicated that there were significant
differences in the T'1p and Tle between ccRCCs and fat-
poor AMLs (P<0.001). Fat-poor AMLs had higher T1p
values as compared to ccRCCs and had T1p values similar
to adjacent skeletal muscle. In this study, the ROIs were
manually delineated as the regions with obviously enhanced
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Figure 3 MR and pathological images of different renal lesions. (A) T2 weighted images; (B) enhanced VIBE-T1 images; (C) native T'1 value maps;
(D) enhanced T1 value maps; (E) corresponding pathological images (hematoxylin and eosin stain, 10x5). White arrows in A-D indicate the location
of the lesions. 1A-E: ccRCC (ISUP grade 2) of the right kidney; the lesion appeared iso-intense on T2WI, which reflected a lower native T'1 value;
enhanced VIBE-T1 showing an inhomogeneous enhancement reflected the reduction of T'1 value; tumor cells showed abundant cytoplasm and
minimal nuclear irregularity. 2A-E: ccRCC (ISUP grade 4) of the right kidney; native T1 image showed high SI, which reflected a higher T1 value;
corresponding enhanced T1 image showed a low T'1 value; nuclear pleomorphism and micronecrosis increased with the increase of ISUP grade. 3A-
E: left renal AML; the lesion appeared iso- or slightly hyperintense signals on T2WI, which reflected a higher T1 value; enhanced T'1 maps acquired
during the nephrographic phases showing an obvious reduction of T'1 value; the components of AML mainly include smooth muscle cells. MR,
magnetic resonance; VIBE, volumetric interpolated breath-hold examination; ISUP, International Society of Urological Pathology; ccRCC, clear cell
renal cell carcinoma; AML, angiomyolipoma.
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signals, while tumor capsules, necrotic regions, fat tissues,
and vessels were avoided. These lower signal regions mainly
contain AML smooth muscle components.

In contrast to AMLs, ccRCCs contain abundant
intracellular lipids and show relatively hyperintense signals
on T1WI, reflecting lower T'1 values as compared to fat-
poor and fat-invisible AMLs. It has been shown that T1
values may reflect tissue properties. Our study showed
ccRCCs had lower Tle values as compared to AMLs,
because ccRCCs are often tumors rich in blood supply.
However, the T1d value of AMLs is similar to that of
ccRCCs. Some studies have reported that AMLs have
gradually or persistently enhancing signal (48) while
ccRCCs exhibit early wash-in and early washout of contrast
material, with most of the contrast material washing
out when enhanced T1 mapping is acquired during the
nephrographic phase. This may increase T1d values of
AML, thus minimizing the difference between AMLs and
ccRCCs. Further studies are needed to investigate if T'1
mapping at different enhanced phases would be of interest,
as such studies could have the potential to quantitatively
evaluate enhancement modes.

There are several limitations to this study. First, the
sample size was small, especially the number of patients
with grade 1 or 4 ccRCCs (n=4), and thus the ccRCCs of
different pathological grades were not studied. Second,
renal malignant masses in this study were mainly clear
cell carcinomas, and other malignant tumors were not
included. Thirdly, not all patients with fat-poor AML had
a pathological examination, and this might have biased our
results. Finally, the reproducibility across different scanners,
field strengths, and sequences was not further evaluated.
In the future, more studies are needed in which the
performance of various T'1 mapping techniques at different
magnetic field strengths is evaluated, and in which the
histopathological grade of all RCC types is comprehensively
assessed.

In conclusion, the novel non-invasive approach of T1
mapping using low-dose Gd-DTPA may provide reliable
and accurate parameters for the identification of higher-
grade ccRCCs and for the differentiation of AMLs from
ccRCCs.
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