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Abstract

Background:The detection of renal masses has risen significantly over the past years with the
increasing use of radiological imaging modalities, majority of renal masses are renal cell
carcinoma which account for 80 to 85% of primary renal tumors and approximately 3% of all
malignancies in adults. Dynamic contrast-enhanced MRI assesses the signal dynamics caused
by contrast material transit through the renal cortex, medulla and the collecting
system.Diffusion-weighted imaging (DWI) is a MR modality using strong bipolar gradients to
create a sensitivity of the signal to the thermally induced Brownian (or random walk) motion of
water molecules and in vivo measurement of molecular diffusion. Magnetic resonance provides
a unique opportunity to quantify the diffusional characteristics of a wide range of specimens.
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1.Introduction:

Renal masses are considered challenge for their proper diagnosis and management that needs
interpretation and cooperation between radiologists, clinical pathology specialist, and surgeons.
Classification of renal masses according to The World Health Organization (WHO) published in
2016:(7)

Renal cell tumors

It includes: clear cell renal cellcarcinoma, papillary renal cell carcinoma, chromophobe renal cell
carcinoma, renal medullary carcinoma, collecting duct carcinoma, multilocular cystic renal
neoplasm of low malignant potential, hereditary leiomyomatosis and renal cell carcinoma-
associated renal cell carcinoma, mit family translocation renal cell carcinoma, succinate
dehydrogenase-deficient renal carcinoma, mucinous tubular and spindle cell carcinoma,
tubulocystic renal cell carcinoma, clear cell papillary renal cell carcinoma, renal cell carcinoma, ,
papillary adenoma and oncocytoma.

Metanephric tumors

It includes metanephric adenoma, metanephric adenofibroma and metanephric stromal tumor.
nephroblastic and cystic tumors occurring mainly in children, nephrogenic rests, nephroblastoma,
cystic partially differentiated nephroblastoma, and pediatric cystic nephroma.
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Mesenchymal tumors occurring mainly in children

Rhabdoid tumor, congenital mesoblastic nephroma, clear cell sarcoma, and ossifying renal tumor
of infancy.

Mesenchymal tumors occurring mainly in adults.

Leiomyosarcoma, angiosarcoma, rhabdomyosarcoma, osteosarcoma, synovial sarcoma, ewing
sarcoma, angiomyolipoma, epithelioid angiomyolipoma, leiomyoma, hemangioma,
lymphangioma, hemangioblastoma, juxtaglomerular cell tumor, renomedullary interstitial cell
tumor, and schwannoma, solitary fibrous tumor.

Mixed epithelial and stromal tumor family

Cystic nephroma and Mixed epithelial and stromal tumor.

Neuroendocrine tumors

Well-differentiated neuroendocrine tumor, Large cell neuroendocrine carcinoma, and Small cell
neuroendocrine carcinoma.

Miscellaneous tumors

Renal hematopoietic neoplasms and Germ cell tumors of the kidney.

Renal cell carcinomas are the most common malignant renal parenchymal neoplasms. Most renal
cell carcinomas grow by expansion and commonly extend into the renal sinus, leading to focal
hydronephrosis or caliceal displacement. (1,2).

Unlike transitional cell carcinoma, renal cell carcinoma has a tendency to extend into the venous
system. Although indications for partial nephrectomy are constantly changing, the most suitable
indication for partial nephrectomy is a renal tumor smaller than 3 cm without invasion of the renal
sinus fat, perinephric fat, or renal collecting system, particularly in patients with diminished renal
function, a solitary kidney, or bilateral renal malignancy. (1,2).

MR imaging helps delineate the precise location of the renal mass and its relationship to the
collecting system and renal vessels. The tumor tends to invade the renal vein and the inferior vena
cava with metastases especially to the lung, bone, liver, and brain MR angiography may be an
alternative to open biopsy in the evaluation of infiltrating renal neoplasms, the differential
diagnosis for which includes urothelial neoplasm, inflammatory lesion, infarct, or infiltrating
RCC. Each of these entities, except RCC, is nearly always hypovascular or avascular; therefore,
an infiltrating renal mass that is hypervascular strongly suggests an infiltrating RCC (1,2).

2. Renal Masses:

Conventional (Clear cell) renal cell carcinoma

Clear renal cell carcinomas are the most common subtype of renal cell carcinoma. The average
age of onset of sporadic clear cell renal carcinoma is 61 years old. In cases associated with Von
Hippel-Lindau disease the average age of onset is 37 years (3).

Clear cell renal cell carcinoma represents around 75-80% of cases of renal cell carcinoma and
arises from the epithelium of the proximal tubule. Clear cell carcinoma is sporadic in over 95% of
cases, in the 5% of familial cases most are seen in Von Hippel-Lindau disease (3).

Clear cell RCC tends to be hypervascular, with heterogeneous enhancement during the arterial
phase. Renal vein tumor thrombus can be seen with aggressive higher-stage tumors. Clear cell
carcinomas can also be predominantly cystic with only scant areas of solid enhancing component

).
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Fig. (1): (a—e) Clear cell renal cell carcinoma in a 65-year-old man. Axial TSE T2W (a) and GE
T1W (b) images show hyperintensity and hypointensity of the renal parenchyma mass (arrow),
respectively. Axial GE TIW image obtained after gadolinium- based contrast agent
administration, during nephrographic phase (¢), demonstrates heterogeneous mass enhancement.
Axial single-shot echo-planar DWI shows hyperintensity of the mass at b = 0 s/mm2 (d),
remaining hyperintense at b = 500 s/mm?2 (e) indicating restricted diffusion. Quoted from Cova
M. et al, (4).

Papillary renal cell carcinoma

Papillary carcinoma (pRCC), characterized by papillary or tubulopapillary histologic architecture,
is the second most common subtype of RCC. It may be multifocal in 20—-40% of patients.
Frequently, it appears on T2W as a low-signal intensity peripheral mass with a low and
progressive enhancement. Subtraction images may help in the demonstration of really low-grade
enhancement, differentiating pRCC from hemorrhagic cysts (4).

Chromophobe Renal Cell Carcinoma
Chromophobe RCC (cRCC) contains variable proportions of cells with clear or eosinophic
cytoplasm arranged in sheet-like architecture along vascular septae. The prognosis for cRCC is
better than in other subtypes of RCC. It typically appears as a well-circumscribed, homogenous
renal mass with a cortical epicenter (4).

Medullary Carcinoma

Renal medullary carcinoma is a highly aggressive neoplasm that almost always develops in young
patients (11-39 years) with sickle cell trait. In patients with sickle cell trait, there is a chronic
hypoxic environment in the renal medulla that eventually leads to transitional cell proliferation
involving the terminal collecting ducts and papillary epithelium.The tumor is more prevalent
among men younger than 25 years (3:1 male preponderance) in patients over 25 years of age, there
is no sex predilection (5).

Collecting Duct Carcinoma
Collecting duct carcinoma is a rare renal tumor that accounts for 1% of all adult malignant renal
tumors. It originates from the collecting duct cells. At imaging, the tumors demonstrate a
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variegated appearance. They may demonstrate either expansile or infiltrative growth patterns and
hypovascular. Calcification is seen in up to 25% of patients. At MRI Collecting duct carcinoma
appear as a hypovascular lesion with medullary epicenter, variable signal intensity on T1-weighted
images and is frequently hypointense on T2-weighted images. Cystic changes with mural nodules
may be seen. Most collecting duct carcinomas are clinically aggressive, with 40% of patients
having metastatic disease at presentation (6).

Multilocular cystic renal neoplasm of low malignant potential

MCRN-LMP is a rare cystic tumor of the kidney with an excellent outcome and is composed of
multiple cysts separated by thick septa covered with clear cells (7). It was defined as “a tumour
composed entirely of numerous cysts, the septa of which contain small groups of clear cells
indistinguishable from grade 1 clear cell carcinoma” byEble et al. (8).

Hereditary leiomyomatosis and renal cell carcinoma-associated renal cell carcinoma

HLRCC syndrome is a recognized distinct phenotypic variant of multiple cutaneous and uterine
leiomyomatosis or Reed syndrome, a rare autosomal-dominant condition caused by a mutation in
the fumarate hydratase tumor suppressor gene,although patients present with cutaneous
leiomyomas, uterine leiomyomas, or both, approximately 33% of these patients will go on to
develop renal cell carcinoma typically displaying type Il papillary or collecting duct morphology.

Unclassified renal cell carcinoma

Unclassified RCC, as defined by WHO 2016 Classification of the kidney, is a diagnostic category
used for renal tumors that do not fit into any of the well-recognized subtypes and includes
admixed patterns of more than one recognized subtype: unclassified oncocytic neoplasms or
tumors with pure sarcomatoid histology.

Oncocytoma

It is a rare (3% to 6% of renal neoplasms), well-encapsulated, benign tumor composed of
eosinophilic cells called oncocytes. Tumors can be large (up to 25 cm), but they average 5 to 8 cm.
Hemorrhage and necrosis are rare. Most are solitary, but 6% are multiple or bilateral. Large
tumors demonstrate a stellate central scar that is suggestive of the diagnosis. Oncocytes increase in
number with age and are found in a variety of organs, including salivary glands, thyroid, pancreas
and kidney. In the kidney, oncocytomas arise from the distal tubules or collecting ducts (9).

3. Imaging Techniques of renal masses

Dynamic contrast-enhanced MRI (DCE-MRI) of the kidney

Dynamic contrast-enhanced MRI assesses the signal dynamics caused by contrast material transit
through the renal cortex, medulla and the collecting system (10). This technique implies the
administration of gadolinium containing contrast agents, which enter the capillaries, are partly
filtered in the glomeruli, then pass through the renal tubules or are evacuated by the veins. By
analyzing the contrast enhancement as a function of time, several clinically relevant parameters
such as blood flow, blood volume, mean transit times and glomerular filtration can be derived. In
case of advanced renal insufficiency (GFR < 30 ml/min/1.73m2) the administration of gadolinium
containing contrast agents should be avoided, as the risk for nephrogenic systemic fibrosis
increases (11).
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Technique

Currently no consensus regarding the optimal measurement strategy of renal DCE-MRI exists.
The literature shows a large heterogeneity in parameters of pulse sequences, doses of injected
contrast media, methods for conversion of signal intensity into concentration and tracer-kinetic
analysis. Two fundamentally different approaches must be distinguished:

(i) MR-clearance methods

Use long acquisition times (1-2 h) and slow temporal resolution (20-30 min) to determine GFR
from the half-life of the tracer in the body (11).

(ii) MR-renography methods

Use a high temporal resolution and shorter acquisition time (<10 min) to determine GFR and other
parameters from the tracer-kinetics inside the kidney itself (12).

Virtually all recent studies used strongly T1-weighted pulse sequences, either in 2D or in 3D
mode. 3D acquisition is performed with spoiled gradient-echo (GRE)-sequences, using relatively
high flip angles to ensure significant signal changes over a large range of concentrations.
Multislice 2D sequences are mostly based on spoiled GRE sequences as well but include a non-
selective magnetization preparation pulse (saturation or inversion) and use lower flip angles to
reduce the sensitivity to inflow effects. Fast 3D-GRE-sequences, accelerated by parallel imaging
and/or keyhole imaging, may allow coverage of the whole organ. DCE-MRI images are
commonly acquired in an oblique-coronal plane through the long axis of the kidneys. Compared to
transverse planes, fewer coronal planes are required to cover the kidneys and offer the advantage
that a large section of the aorta lies in the imaging slab, which helps to reduce inflow effects in the
arterial input function (13).

Contrast agents

Low molecular weight gadolinium-chelates have a predominant renal elimination by glomerular
filtration without any tubular secretion or reabsorption, and therefore allow for GFR assessment
with  MRI. The relationship between the DCE-MRI signal changes and the Gd-chelate
concentration is not linear at higher concentrations. However, there is a linear relationship
between the longitudinal relaxation rate and the Gd-chelate concentration (14).

Because of water re-absorption in the proximal convoluted tubule and within the medulla the
concentration of Gd within the kidney may become very high. High concentrations may also be
encountered during the first pass in the abdominal aorta and in the renal cortex due to the large
blood volumes. Since high concentrations may cause T1-signal saturation and T2*-interference,
many studies use less than the regular clinical dose of 0.1 mmol/kg for Gd-chelates, and flow rates
are relatively low (14).

Post-processing

A number of strategies exist to minimize or correct breathing motion. Respiratory motion can be
minimized by measuring in breath-hold, but multiple sequential breath-holds are required to
achieve sufficiently long acquisition times. Alternatively, measurement can be performed using
respiratory triggering, but this risks to reduce the temporal resolution below the required level. A
combined protocol with breath-hold during the first pass and triggering during the later phases has
been proposed as well. As an alternative or complementary to motion-minimizing acquisition
techniques, motion can be compensated on the post-processing level. The proposed approaches
include co-registration by deformable or rigid transformations, segmentation and retrospective
triggering (15,16).

A commonly used analysis of dynamic enhancement patterns is based upon a subjective

3446



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260  Volume 08, Issue 03, 2021

evaluation of the time-signal intensity curve, in which each curve is classified in accordance with
the evaluation system shown in Fig. 8. Classification of signal intensity curves according to this
scheme achieved very good diagnostic performance in differentiating malignant from benign
lesions (17).

| Il 11l v V

Fig. (2) The diagrams show the classification system for visual evaluation of the enhancement
curves. I: no enhancement; II: slow sustained enhancement; III: rapid initial and sustained late
enhancement; IV: rapid initial and stable late enhancement; V: rapid initial and decreasing late
enhancement.Quoted from Ingrid S. G.et al , (17).

At sufficient temporal resolution, a normal SI-curve after Gd-chelate injection can be described by
3 phases. An early peak corresponds to the first pass of the contrast agent through the capillary
bed. The second phase, characterized by a slow increase corresponds to the recirculation of the
contrast agent and the glomerular—tubular transfer. The third phase is characterized by a slow
decay of signal intensity and corresponds to the excretory function of the kidney (16,18).

A broad range of approaches have been taken to assess the properties of enhancement curves in
various tumors. Kaiser et al. (17). normalised the signal enhancement using the intensity of the
lesion before contrast injection and defined malignant lesions as those showing a signal
enhancement of at least 100% during the first minute. Other workers have identified the presence
of very early enhancement in the tumor after the arrival of the arterial bolus as an indicator of
malignancy (17).

The potential problems in the use of signal enhancement curves to study malignant vasculature are
Firstly, signal intensity changes are non-specific and will vary according to a wide range of
scanner parameters.

Because of the non-linear relationship between contrast concentration and signal intensity changes
and the wide variation in baseline T1 values and signal intensity seen in the tissues being studied,
attempts to calibrate or produce standard images which could be used in multiple sites have not
been successful. Subjective enhancement curve analysis must therefore include some form of
curve normalization to account for these variations which are principally seen as differences in the
amplitude of the enhancement curve. Secondly, the enhancement curves will contain important
information not only in terms of amplitude but also in terms of time of arrival and curve slope.
The choice of normalization technique and of the most representative curve shaped parameter is
difficult and has led to the development of many semi-quantitative or descriptive systems (17).

4. Diffusion Weighted imaging (DW]I) of the kidney

Diffusion is a mass transport process arising in nature, which results in molecular or particle
mixing without requiring bulk motion. Diffusion should not be confused with convection or
dispersion-other transport mechanisms that require bulk motion to carry particles from one place
to another (19).

Diffusion-weighted imaging (DWI) is a MR modality using strong bipolar gradients to create a
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sensitivity of the signal to the thermally induced Brownian (or random walk) motion of water
molecules and in vivo measurement of molecular diffusion (11).

Magnetic resonance provides a unique opportunity to quantify the diffusional characteristics of a
wide range of specimens. Because diffusional processes are influenced by the geometrical
structure of the environment, MR can be used to probe the structural environment non-invasively.
This is particularly important in studies that involve biological samples in which the characteristic
length of the boundaries influencing diffusion are typically so small that they cannot be resolved
by conventional magnetic resonance imaging (MRI) techniques (19).

A typical nuclear magnetic resonance (NMR) scan starts with the excitation of the nuclei with a
90-degree radiofrequency pulse that tilts the magnetization vector into the plane whose normal is
along the main magnetic field. The spins subsequently start to precess around the magnetic field —
a phenomenon called Larmor precession. The angular frequency of this precession is given by o=
Y

Where B is the magnetic field that the spin is exposed to and y is the gyromagnetic ratio — a
constant specific to the nucleus under examination. In water, the hydrogen nucleus (i.e., the
proton) has a gyromagnetic ratio value of approximately 2.68 x108 rad/s/tesla (19).

The echo magnitude could be sensitized solely to the effects of random molecular spreading
caused by diffusion in a way that permits a direct measurement. Because a spin’s precession
frequency is determined by the local magnetic field, if a “magnetic field gradient™ is applied, spins
that are at different locations experience different magnetic fields — hence they precess at different
angular frequencies. After a certain time, the spins acquire different phase shifts depending on
their location. Stronger gradients will lead to sharper phase changes across the specimen, yielding
a higher sensitivity on diffusion. In most current clinical applications, a quantity called the “b-
value”, which is proportional to the square of the gradient strength, is used to characterize the
level of the induced sensitivity on diffusion (19).
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Fig:(3) The Gaussian displacement distribution plotted for various values of the diffusion
coefficient when the diffusion time was taken to be 40 ms. Larger diffusion coefficients lead to
broader displacement probabilities suggesting increased diffusional mobility. Quoted from Peter
J.et al,(19).
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The apparent diffusion coefficient (ADC) is a quantitative parameter calculated from DW images
which is used as a measure of diffusion. Since the ADC is also dependent on capillary perfusion
and water diffusion in the extra-vascular space, alteration of the ADC provides information
concerning microstructural changes (11). The ADC of the kidneys is higher than the ADC of other
abdominal organs, most likely due to the high-water content and the high blood supply of the
kidneys and possible contributions of the flow in the tubular system(20,21).

In most studies, the cortical ADC was found to be higher than the medullary ADC, presumably
because of the higher perfusion component. Blood and tubular flow as well as water content may
change the ADC. Measurements of renal ADC have been detailed in various studies, showing that
DWT1 is a feasible approach for the characterization of renal diseases and lesions (20,21).
Technique

DWI is commonly based on ultrafast single shot echo-planar imaging (EPI) sequences, which
freeze bulk motions, making rapid acquisition mandatory, which limits the number of acquired
slices as well as the spatial resolution. For calculation of the ADC at least two images are required,
one with and one without application of a diffusion gradient. The diffusion weighting is expressed
by the diffusion factor b. The ADC is measured in mm2/s and represents the negative natural
logarithm (In) of the ratio of signal intensities of the two images (SO is the signal atb = 0 and S1 1s
the signal after application of the diffusion gradient): ADC= (—1/b) [In (S1/S0)] (11). DWI does
not only measure “pure” diffusion of water molecules, but also water motion in preformed
structures, i.e. perfusion in the renal microvasculature or flow in the tubuli. The ADC depends on
perfusion effects at lower b-values (b < 200s/mm?2) in their works on intravoxel incoherent motion
(IVIM). These effects of pseudodiffusion can be excluded when high b-values (b > 400s/mm2) are
applied to obtain true diffusion measurements. Some authors have quantified the perfusion
information of DWI using a bi-exponential fit of the ADC-curve and calculating the perfusion
fraction to evaluate renal function (22,23). While there has been a first consensus on DWI-
parameters for assessing tumors, there has been no consensus on the optimal parameters for DWI
of the kidney, with maximal b-values ranging from 200 to 800s/mm?2 (24,25). Studies performed
in the brain suggest, that a higher number of b-values allow for a more accurate fit of the ADC-
curve (26).
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Fig:(4) A schematic of the pulsed field gradient spin-echo MR technique introduced by Stejskal
and Tanner. The time between the application of the two gradient pulses,A may be anywhere
between 10 ms and a few hundreds of milliseconds. The gradient pulse duration,y can vary
between a few milliseconds to A[J, where when ,the pulse sequence becomes the same as that in
Figure 15. Quoted from Peter J.et al,(19).
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Fig:(5) A schematic of the spin-echo experiment in the presence of a constant field gradient
discussed by Carr and Purcell. Diffusion taking place in the resulting inhomogeneous field gives
rise to a decreased MR signal intensity. Quoted from Peter J.et al, (19).

Parallel imaging has already been successfully applied in abdominal DWI allowing increased
resolution and acquisition speed with negligible alteration of diffusion values. Moreover,
distortion artifacts caused by magnetic field in homogeneities are reduced because of shorter
readout times. Furthermore, as motion on a molecular level is measured, DWI is very sensitive to
motion artifacts. Respiratory motion is one of the major obstacles to overcome. Another source of
motion artifacts is the arterial pulsatility of the kidneys (11). Reproducibility of DWT of the kidney
has been assessed with a free-breathing technique, showing promising results. The best image
quality and reproducibility is gained when applying respiratory triggering (27,28).

For each DWI sequence, a pixel-by-pixel apparent diffusion coefficient (ADC) map was
automatically calculated, with the gray value of the pixel linearly corresponding to the ADC value
expressed in square millimeters per second (1).

The clinical application Dynamic contrast-enhanced MRI & Diffusion-weighted imaging
(DWI) of the kidney

Kidney mass is the term used to describe a group of cells that have abnormally formed together on
or in the kidney. Under normal circumstances, kidney cells grow and divide to form new cells that
replace old or dead ones. However, sometimes cells form when the body doesn’t need new ones,
or old cells that should die, continue to live. A kidney mass of tissue commonly referred to as a
kidney growth, kidney cyst, or kidney tumor, can develop from these extra cells (29).

Particularly when combined with T1- and T2-weighted MR imaging, the contrast-enhanced
techniques are highly effective for characterization of renal masses owing to the ability to portray
dynamic contrast enhancement. The ability to display venous structures with contrast-enhanced
3D FSPGR techniques helps staging of renal cell carcinoma (30). Gadolinium is widely used in
contrast-enhanced dynamic imaging, usually using fast gradient echo (GRE) sequences with fat
suppression. These protocols often include non-enhanced MRI sequences followed by post
contrast imaging during arterial, venous, and nephrographic phases. More recently, the improved
spatial and temporal resolution of current MR scanners allows the visualization of gadolinium
contrast material within distinct time phases in distinct intra renal regions, such as the cortex, the
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medulla, and the collecting system (31).

DWI is a technique which can delineate pathologic lesions with high tissue contrast against
generally suppressed background signal. Findings on DWI can provide insight into the water
composition of tumors and normal tissue. Pathologic processes such as inflammation and
neoplasia tend to alter structural organization by destruction or regeneration of membranous
elements or by a change in cellularity. Increased cellular density limits water diffusion in the
interstitial space.

Thus, changes in permeability, osmolarity, and active transportation can occur concurrently. All of
these changes can affect proton mobility and diffusivity, which can be observed with DWI (1).
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