e-ISSN: 0975-1556, p-ISSN:2820-2643
Available online on www.ijpcr.com
International Journal of Pharmaceutical and Clinical Research 2024; 16(6); 2230-2236

Original Research Article

Role of Advanced Magnetic Resonance Imaging (MRI) in the Evaluation of
Renal Masses: A Prospective Cross-Sectional Study

Navneet Ranjan Lal', Deb K Boruah?, Gaurav Raj?, Rajnikant R. Yadav*

ISenior Resident, Department of Radiology, Dr. Ram Manohar Lohia Institute of Medical Sciences,
Lucknow, UP
2Associate Professor, Department of Radiology, All India Institute of medical sciences, Guwahati, Assam
3Professor and Head of Department, Department of Radiology, Dr. Ram Manohar Lohia Institute of
Medical Sciences, Lucknow, UP
4Associate Professor, Department of Radiology, Sanjay Gandhi Postgraduate Institute of Medical
Sciences, Lucknow, UP

Received: 10-01-2024 / Revised: 13-02-2024 / Accepted: 10-03-2024
Corresponding Author: Dr. Navneet Ranjan Lal
Conflict of interest: Nil

Abstract:

Our study was an observational prospective study, which aims to evaluate the role of advanced MRI techniques
in the characterization and differentiation of various renal masses. 37 patients were subjected to conventional,
diffusion —weighted (DWI) and dynamic contrast- enhanced(DCE) MR imaging techniques and findings were
correlated with the histopathological examination (HPE). Out of 37 patients, 27 were malignant (73%) renal
masses had mean apparent diffusion co-efficient (ADC) value of 1.14 £ 0.09 [SD] x 10 mm?/s and 10 were
benign (27%) renal masses lesions had mean ADC value of 1.69 £0.63 [SD] x 107 mm?/s with a statistically
significant difference (p-value 0.0001). There was a mean cut-off ADC value ofl1.20 %103 mm?s in
differentiating malignant from benign renal masses with a 90% of sensitivity and 82% of specificity. DCE-MRI
showed higher relative contrast enhancement rates and indices in clear cell renal cell carcinoma (RCC) than
non-clear cell RCCs.
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Introduction

Uses of more available cross-sectional imaging
techniques increase the incidental detection of renal
masses. [1] Previous studies showed higher rate of
unnecessarily resection of benign renal masses.
[2,3] Most of the renal incidentaloma shows
malignancy followed by benignity in 20-25%. [2,3]
It is important to characterize and differentiate
these renal Incidentalomas because of treatment
varies on the nature and grading of the lesion. [4,5]

With common use of MDCT and conventional
MRI techniques characterization and
differentiations of various renal masses difficult
sometimes and which increases the number of
nephrectomies performed on benign renal lesions
from 16 to 33%.6 With the use of advanced MRI
techniques like different b-value DWI, ADC
mapping and DCE-MRI increases the MRI
performance for characterization and
differentiations various renal lesions. [5] The
Brownian movement of water molecules in vivo
can be assed with diffusion and the degree of
diffusion can be quantified by ADC value. [7]
DCE-MRI used to characterize tumors, its nature,
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cystic or necrotic changes within a tumor which
facilitate the accurate tumor differentiating and a
very close radiological diagnosis. [7] So advanced
MRI techniques helps in selecting therapeutic
options, treatment response and post-treatment
outcomes. [8,9] DCE-MRI was also able to
discriminate between the RCC subtypes. [6,10] In
patients with compromised renal function, DWI
can be helpful in the characterization of various
renal masses. [11]Our study aims to evaluate the
role of advanced MRI techniques in the
characterization and differentiation of various renal
masses.

Materials and Methods

A hospital-based prospective study was carried out
in 37 patients of various renal masses.

The study was carried out from July 2018 to June
2019 in the department of Radio-diagnosis in a
tertiary referral center. Institutional ethics review
committee permission was obtained.
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Inclusion Criteria:

e Patient with USG or CT scan detected solid
appearing renal lesions.

e Indeterminate renal lesion on USG and or CT
scan.

o Complex renal cyst.... Bosniak category (III &
V)

e Age 20-70 years

Exclusion Criteria:

o Simple renal cyst- Bosniak category (I & II)

e Post-traumatic renal hematoma

o Post-treated known patient of renal cell carci-
noma.

MRI protocol: Conventional and advanced MRI
techniques of the KUB region were done in all
patients using a 1.5 Tesla Avanto B15 system MRI
scanner by use of a 16 Channel Body Array
Anterior coil. Table 1 showed the various
parameters used during MRI scanning.

Conventional MRI sequence analysis:
Morphological analysis of the renal masses were
done on basis of T1-weighted, T2-Weighted and
fat-suppressed =~ T2-Weighted sequences and
analyzed for

1. Appearance of renal mass on T1-weighted, T2-
Weighted sequences.

2. Local tumor infiltration into the adjacent peri-

nephric fats and para-renal space was assessed

on T2-Weighted, fat-suppressed T2-Weighted,

diffusion-weighted and dynamic  post-

gadolinium sequences.

Involvement of renal vein and IVC.

4. The largest dimension of renal mass was
measured on T2-Weighted and post-
gadolinium sequences.

bt

Diffusion-weighted MR sequence: Different b-
value diffusion-weighted sequences were obtained
to analyze the diffusion characteristics of the renal
masses. ADC values of renal masses were obtained
in each set of ADC images of b-values 400, 800
and 1000 sec/mm? and finally mean ADC value
was obtained.

Calculation of ADC value in renal masses: Same
operating system console of Seimenssyngo. via was
used by two radiologists to calculate the ADC
value of renal lesions by using ROI(region of
interest) techniques. Equal sizes four ROIs were
used to obtain the ADC values of renal lesion in
their solid appearing component or enhancing septa
or enhancing complex cyst wall.

Dynamic contrast-enhanced MRI (DCE-MRI)
sequence: This MRI sequence is consisted with a
pre-contrast and one each post-gadolinium
corticomedullary and nephrographic phases. This
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whole sequence needs 6-8 minutes. The post-
gadolinium phases were obtained after intravenous
injection of gadolinium (0.1 mmoles/kg body
weight) after 40-45 seconds. About 40 sec intervals
were  kept between the  post-gadolinium
corticomedullary and nephrographic phases.

Semi-quantitative signal intensity measurement
on DCE-MRI: The MRI signal intensity on pre-
contrast T1-Weighted images, post-gadolinium
corticomedullary and nephrographic images were
obtained from the normal appearing renal
parenchyma and renal masses by placing equal
sizes ROIs and used for calculating relative
contrast enhancement rate (CER) in both post-
gadolinium corticomedullary and
nephrographicimages by using the
formula,[CER=SI in corticomedullary phase or
nephrographic phase - SI in precontrast/ SI in
precontrast] 12 and relative contrast enhancement
index (CEI) by using formula,] CEI= CER renal
tumor/ CER normal appearing renal
parenchyma].12

Biopsy: USG-guided core needle biopsies were
performed in n=27 patients of renal space
occupying masses. Four patients with renal
abscesses were confirmed after catheter drainage of
abscess drainage. Biopsy was not done in 3 patients
with  benign-appearing complex renal cysts
(Bosniak category-III) and 3 patients with renal
angiomyolipomas. The various conventional and
advanced MRI sequences findings were compared
with the histopathological examination.

Statistical analysis: All data analysis was
performed by using SPSS, version 20. The ADC
value of renal masses was compared with an
independent t-test and one-way ANOVA. Receiver
operating characteristic curve (ROC) analysis was
done to obtained cut-off mean ADC values in
various renal masses.

Results

Demography: Out of 37 patients with various
renal masses, n=10 were of benign and n=27 were
malignant lesions. Histological subtypes of
malignant renal masses were clear cell RCC in 16
patients (43.2%) (Figure 1) and non-clear cell RCC
in 11 patients (29.7%) (Figures 2 & 3). Out of non-
clear RCC, 7 patients (18.9%) were of papillary
RCC (Figure 3), 2 patients (5.4%) of chromophobe
RCC (Figure 2) and another 2 patients (5.4 %) of
transitional cell carcinoma (TCC) (Figure4).The
mean of the largest dimension of the benign renal
masses was 5.83+2.6[SD] cm while7.64+2.9[SD]
cm for malignant renal masses. Of benign renal
masses, 4 patients (10.8 %) were renal abscesses,
n=3 (8.1%) Bosniak category II complex renal cyst
and n=3 patients (8.1%)were angiomyolipoma.
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Figure 1: 60 years male with clear cell RCC

Coronal TIWI and T2FS images (A &B) shows a
large T1 iso,T2hypo to mixed- signal intensity
lesion in the left kidney with T2 hypointense
capsule(arrow).

Axial DWI and ADC map images (C & D) shows
heterogenous patchy diffusion restriction with

variable ADC value (arrow).Axial post- contrast
TIW fat-suppressed image (E) shows mild
heterogeneous enhancement of the lesion with
areas of necrosis. HPE image (F) with 40 X shows
the Clear cell RCC.

373x182mm (96 x 96 DPI)

Figure 2: 51 year’s male patient with Chromophobe RCC

Coronal T2WI (A) image shows a lobulated is to
slight hyperintense lesion in the mid and lower
polar regions of right kidney (arrow).

Axial DWI and ADC map images (C&D) shows
strong solid diffusion restriction (arrow) with low

The coronal TIWI and axial fat- suppressedT2WI
(A and B) images shows T1 isointense and T2 iso
to slight hypointense lesions in the both kidneys
(arrows). DWI and ADC map (C &D) images
shows solid diffusion restriction with low ADC

ADC value. ADC map image (C)also shows the
way of ROI placement for ADC value calculation.
HPE image (F) with 40 X shows the Chromophobe
RCC.

324x167mm (96 x 96 DPI)
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Flgure 3 70 pears male patient with bllateral Paplllary RCC

enhancement  with  nonenhancing eccentric
Necrosis.

HPE image (F) with 40 X shows the Papillary
RCC.

value. On fat-suppressed T1W post- contrast image 379x190mm (96 x 96 DPI)
(E) shows mild to moderate heterogeneous
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Fat-suppressed T2WI and axial fat- suppressed
T1WI images (A and B) shows an ill-defined is
ointense lesion noted in the left renal pelvis
(arrow). Axial DWI and ADC map(C and D)
images shows patchy diffusion restriction with low
ADC value (arrow). Axial fat-suppressed
T1Wpost- contrast image (E) shows subtle
enhancement of the lesion. HPE image 40 x (F)
shows the Transitional cell carcinoma (TCC).

307x167mm (96 x 96 DPI)

T1W and T2W signal intensity of renal lesions:
Most of the renal masses showed low to hypo
intensity on TIWI in 16 patients (43.2%).
T2Wlheterogenous mixed- signal intensities
observed in 20 patients (54.1%) followed by
T2IWI high signal intensities in 15 patients
(40.5%).

Diffusion-weighted imaging (DWI) findings: Of
37 patients, 25 patients (67.6%) showed diffuse
homogenous solid diffusion —restriction with low
ADC value on DWI images followed by peripheral
restriction in 5 patients (13.5%) and patchy
diffusion-restrictions in 4 patients(10.8%). Cut-off
mean ADC value of < 1.20 x107* mm?/s mm was
obtained after ROC curve analysis ,which showed
24 renal masses (64.9%) as malignant and 13
(35.1%) as benign, shown in Table 2. Benign renal
lesions showed mean ADC value of 1.69 =+
0.63[SD] x 107 mm?/s while malignant showed

1.14 £ 0.09[SD] x 107 mm?/s mm. statistically
significant difference was found between the mean
ADC value of benign and malignant renal lesions
(p-value0.0001). The mean ADC values of various
renal lesions. Among the malignant renal masses,
highest mean ADC was observed in Chromophobe
RCC (1.33 +0.01 x 10-3 mm?s) and lowest in
Papillary RCC (1.03 +0.04 x 10 mm?%s). The
mean ADC value of papillary RCC showed
statistical significance with chromophobe RCC
with p-value 0.01.

However, no statistical significance difference was
found between the mean ADC value of clear cell
RCC and papillary RCC (p-value 0.13).

ROC curve analysis reveals a cut-off mean ADC
value of 1.20 x10 mm?/s for differentiating renal
masses with various sensitivities and specificities
shown in Table 3.

DCE-MRI findings: Out of 37 renal masses, on
DCE-MRI, 30 renal masses (81.1%) showed
malignant characteristics while 7(18.9%) masses
showed benign characteristics on basis of signal
intensity (SI), CER and CEI.

The signal intensities of various renal masses
shown in Table 4, CER values in Table 5 and CEI
values in Table 6. Table 7 showed comparison
between the diffusion-weighted and post
gadolinium sequences for differentiating various
renal masses.

Table 1 : Parameters used in various MRI sequences for KUB region for renal masses

MRI Sequences Repetition time | Time of echo | Flip Field of view
(TR) (TE) angle (FOV)

T1WI (axial) 202ms 4.7ms 70° 262x350

T2WI (axial) 4000ms 103ms 150° 262x350

Turbo spine echo T2 WI with fat-suppression

(Axial and coronal) 4000ms 103ms 150° 262x350

SS-EPI-DWI (b=400, 800,1000s/mm?) 3600ms 87ms 90° 262x350

TIWI fat-suppression dynamic contrast- | 202ms 9.7ms 70° 262x350

enhanced MRI (DCE-MRI)

Table 2 : Showing the mean ADC values of various renal masses in 37 patients

Renal lesion

Number of renal

lesion(n)

Mean ADC value of lesionX10~mm?/s

Benign renal lesions 10 1.69 + 0.63[SD]

Malignant renal lesions | 27 1.14 + 0.09[SD]

Complex Renal Cyst 3 2.56%0.34[SD]

Clear cell RCC 16 1.15+£0.03[SD]
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Papillary RCC 7 1.03+£0.04[SD]
Chromophobe RCC 2 1.33+£0.01[SD]
Renal angiomyolipoma | 3 1.41+0.02[SD]
Renal abscess 4 1.244+0.11[SD]
Renal transitional cell 2 1.26+0.03[SD]

carcinoma (TCC)

Table 3 : ROC curve analysis at different ‘b’ values DWI images for characterization of various benign
and malignant renal space occupying masses in 37 patients

Diffusion Gradient(s/mm?) | Cut-off mean ADC (ADCx103 mm?/s) | Sensitivity (%) | Specificity (%)
b-400 1.20 98 19
b-800 1.20 90 82
b-1000 1.20 71 93

Table 4: Mean Signal intensity (SI) values of the normal appearing renal parenchyma andrenal masses on
Precontrast, corticomedullary phase and nephrographic phase of DCEMRI in 37 patients

Parameters Precontrast | Corticomedullary | p- Nephrographic | p-
phase value | phase value

Normal appearing renal parenchy- | 130+2.5 160.9+8.2 152.6+8.7

ma

Benign renal masses 126.842.1 148.9+16.6 0.0005 | 145.6+16.2 0.001

Malignant renal masses 132.245.8 17248.3 161.7+10.5

Clear cell carcinoma 133.1+£7.4 176.1+8.4 0.0005 | 167.6+£9.7 0.0005

Non-clear cell carcinoma 130.9+£1.92 166.243.1 153.1+£2.46

Papillary carcinoma 130.1+2 165.6+3.8 153.1£3.2

Chromophobe cell carcinoma 13240.1 167+0.2 153+0.1

Transitional cell carcinoma 132.540.71 167.5+0.71 153+0.1

Angiomyolipoma 126+1.73 149.6+5.8 146.3£3.7

Renal abscess 128+1.8 148.7£27.2 144.2+26.2

Complex renal cyst 126+2.6 148.3+£7.3 146.6+11.3

Table 5: Relative contrast enhancement rate (CER) values of various renal masses on corticomedullary
phase and nephrographic phase of DCE-MRI in 37 patients

Parameters Corticomedullary phase p-value | Nephrographic phase p-value
Benign renal masses 0.17+0.13 0.001 0.18+0.15 0.017
Malignant renal masses 0.29+0.04 0.22+0.05

Clear cell carcinoma 0.32+0.04 0.0005 0.25+0.04 0.033
Non-clear cell carcinoma 0.26+0.01 0.17+0.01

Papillary carcinoma 0.26+0.02 0.17+0.02

Chromophobe cell carcinoma | 0.26+0.0 0.16+0.0

Transitional cell carcinoma 0.26+0.0 0.15+0.007

Angiomyolipoma 0.18+0.04 0.16+0.03

Renal abscess 0.16+0.21 0.12+0.20

Complex renal cyst 0.17+0.07 0.30+0.14

Table 6: Relative contrast enhancement index (CEI) values of various renal masses on corticomedullary
phase and nephrographic phase of DCE-MRI in 37 patients

Parameters Corticomedullary phase p-value | Nephrographic phase p-value
Benign renal masses 0.170+0.53 0.005 0.93+0.78 0.024
Malignant renal masses 1.57+0.84 1.66+0.85

Clear cell carcinoma 1.93+£0.91 0.0005 2.09+0.85 0.0005
Non-clear cell carcinoma 1.04+0.27 1.03+0.26

Papillary carcinoma 1.15+0.29 1.03+£0.21

Chromophobe cell carcinoma | 0.86+0.00 0.84+0.0

Transitional cell carcinoma 0.86+0.0 1.2240.53

Angiomyolipoma 0.74+0.33 0.76+0.26

Renal abscess 0.72+0.87 1.06+1.31

Complexrenal cyst 0.63+0.16 0.93+0.15
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Table 7: shows the comparison between the DWI and DCE-MRI pattern for differentiating various
benign and malignant renal space occupying masses in 37 patients

Lesion characteristics | DWI DCE-MRI

Benign (MeanADC >1.20x10) | Malignant (<1.20x10%) | Benign | Malignant
Number of Lesions 13 24 7 30
Percentage (%) 35.1 64.9 18.9 81.1
Discussion sequences like DWI and DCE-MRI provides better

The advanced MRI sequences like DWI and DCE-
MRI provide added advantages in characterizing
and differentiating various renal space occupying
masses and even their subtypes.

Though DCE-MRI imaging was better than DWI
imaging in the characterizing and differentiation of
various renal masses [6,7,10,11], however
combined used of different b-value DWI and DCE-
MRI sequences provide more better information
than single use of either diffusion-weighted and
post-gadolinium sequences for characterization and
differentiation of various renal masses and RCC
subtypes [10,11]. Benign renal masses had a higher
ADC value as compared with malignant renal
masses.

However accurate differentiation of various RCC
subtypes with MR imaging can be possible and
helps in management and prognostication of such
patients. The non-papillary RCCs have a poorer
prognosis than papillary RCCs [10].

In our study, low ADC value were encountered in
malignant renal masses as comparable with the
previously published studies [13,14]. The lowest
ADC value was observed in Papillary RCC in our
series, which as almost similar to the previous
studies [15,16] shown in Table 8.

A statistical significant difference (p-value 0.01)
was obtained between the mean ADC value of
papillary RCC and Chromophobe RCC which also
observed in previous study by Inci et al. [15].

Four out of 27 pathologically proven malignant
cases had higher ADC value than the cutoff level
(false negative) and 1 out of 10 benign cases had
ADC values lower than 1.20 x 103 mm?¥s (false
positive) and were misdiagnosed on basis of DWI
and DCE-MRI, such similar observation was made
by Taouli et al [17].

In the present study it was seen that 24 (64.9%)
lesions out of 37 lesions showed malignant
characteristics on DWI based on cut-off mean ADC
value and 30 (81.1%) lesions showed malignant
characteristics based on DCE-MRI pattern.
Similarly 13 lesions showed benign characteristics
on DWI and 7 lesions showed benign
characteristics on DCE-MRI pattern.

So it was observed that DCE study is more accurate
in differentiating benign and malignant lesion than
DWI individually. Combination of advanced MRI

results as observed by the Taouli et al. [17]

Post-gadolinium enhancement pattern of various
renal masses on basis of Precontrast and post-
contrast signal intensity (SI) measurement in
various phases of DCE-MRI added advantages in
differentiation of various renal masses.

Study by Campbel et al. [18] showed greater
degree of enhancement of clear cell RCC in
corticomedullary phase with rapid contrast wash-
out in reprographic phase as compared with the
normal appearing renal parenchyma. [18] While
papillary RCC showed less enhancement in the
both corticomedullary and reprographic phases.
Chandarana et al. [19] found 90.9 % sensitivity and
84.2% specificity on CER in the post-gadolinium
corticomedullary phase for differentiating clear cell
RCC from papillary RCC. In our study, there was a
statistical significant difference of CER and CEI in
differentiating clear cell RCC from non-clear cell
RCC in the both post gadolinium phases. Study by
Sun et al. [12] found the CEI values in
corticomedullary phase are most effective to
differentiate clear cell RCC from papillary RCC.

Limitations of the study: Relatively small sample
size, the results can be vary to larger study sample,
hence need future larger sample size study.

Conclusion

A close diagnosis of the various renal masses is
essential for planning the proper treatment and
avoiding unnecessary nephrectomy with the use of
additional advanced MRI sequences like different
b-value diffusion-weighted and dynamic post-
gadolinium MR sequences. The values of signal
intensity (SI), CER and CEI in the post-gadolinium
images helpful in characterizing and differentiating
various renal masses and even differentiating
between the clear cell RCC from the nonclear cell
RCC.
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