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ABSTRACT

BACKGROUND & OBJECTIVES: Diffusion-weighted imaging (DWI) utilises water
molecule movement to assess tissue architectuli@gan early metastasis detection, therapy
response evaluation, and distinguishing betweengheand malignant tumours in cancer

imaging.

The main objective of this study is to evaluate tbke of diffusion-weighted imaging in
differentiating various subgroups of renal masses, {iable solid tumours, necrotic or cystic

tumours, and benign cysts).

MATERIALS AND METHODS: A one-year cross-sectional study was conductedhen t
department of radiodiagnosis at the KLES Dr. Prebah&ore Hospital and MRC, Belagavi.
The total number of patients included in the stwdg 44. Patients from all age groups referred
for a variety of clinical indications, includingafhk pain, hematuria, abdominal mass, and
diagnosed & undiagnosed cases of renal carcinoimaweere considered.

These patients were subjected to MRl Abdomen intagira 3.0 Tesla Siemens MRI
machine (Magnetom Spectra) in the Department ofdRagly. The DWI sequence was added
to the routine MRI protocol in all the patients englbbing MRl Abdomen imaging, and relevant

findings were noted.

RESULTS: There were 23 and 21 patients, respectively, wéthidn lesions (36 cysts) and
malignant lesions (eleven clear cell, two papillahyee chromophobe, one transitional cell
carcinoma and five Wilms tumour). The malignantdaes were larger than the benign lesions
(77.8 % of benign lesions <4 cm & 72.7% of malignlasions >4 cmp = 0.011, Chi-Square
Test/Fisher Exact Test). The ADC values of the gpeiieésions were significantly higher than

those of the malignant lesions (mean, 2.72 + 0M378.32 + 0.35 x T8 mn¥/s; p< 0.001,
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Student t Test). The ADCs of the 36 benign cystewenificantly higher than those of clear
cell renal cancers (2.72 + 0.078 vs 1.73 + 0.4®> mn¥/s; p < 0.001, Student t Test). There
was a significant difference between the ADCs e&cland non—clear cell cancers (1.73

0.42 vs 0.90 + 0.29 x 1®mn¥/s; p< 0.001, Student t Test).

INTERPRETATION & CONCLUSION: Diffusion-weighted imaging (DWI) in renal MRI
is a valuable technique for evaluating renal patyies. It accurately distinguishes normal
renal tissue from various disorders, especiallymtadolinium use is contraindicated. DWI

provides quantitative data and high-quality diagicasnages, enhancing its diagnostic utility.

In clinical practice, DWI aids in differentiatingystic benign lesions from cystic renal cell
carcinoma, which is crucial for treatment decisidhalso helps categorise different subtypes
of renal cell carcinoma, using ADC maps with spedif values like 0 and 800 s/mm? as

biomarkers for histological subtyping.

Furthermore, DWI correlates with T1 signal charasties of kidney lesions, providing
additional diagnostic insights. Its non-invasiveuna and ability to avoid contrast agent
complications make it particularly advantageoupatient management. Overall, a DWI MRI
of the kidney is integral in the comprehensive eatbn of renal masses, contributing

significantly to accurate diagnosis and treatmégmiqing in renal pathology.

KEYWORDS: Diffusion-weighted imaging, Apparent Diffusion Céiefent, magnetic
resonance imaging, renal cell carcinoma, clearregial cell carcinoma, chromophobe type
renal cell carcinoma, papillary type renal cellaiapma, transitional cell carcinoma, Wilms

tumour.
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INTRODUCTION

In recent decades, the diagnosis of renal massesitiaessed a significant
surge, primarily attributed to the widespread aldlity of CT and MRI. This
increase in diagnosis is not just a statisticakoletion but a crucial development that
can significantly impact the field of renal diseadmgnosis and treatment. For
instance, renal cell carcinoma (RCC) comprises &a8ét of all adult cancers and
represents approximately 85% of all kidney tumB8lrs While data from
developed countries suggest that RCC typically cau individuals aged between
their 6th and 7th decades of life, findings fronditn indicate that it affects people
at a younger ag€L3. Benign tumours comprise about 15-20% of all sotidal
cortical tumours, with renal oncocytoma being theshcommon typ&Ll.

Renal mass pathological diagnosis, aided by pemeotzs biops$t has
challenges and risks. These include severe bleeghargn to adjacent organs, tumour
spreading, sampling errors that result in an ursdienate of the tumour grade, and a
significant non-diagnostic rate of 10-23%, freqlietiecause of insufficient tissue
samples. Furthermore, because of their proximity egsential blood arteries,
predominantly cystic nature, tiny size, existendeaosingle kidney, obesity, or
high risk of bleeding, some masses are not ap@@pfor biopsy. The distinction
between benign or low-grade malignant tumours agti-grade malignant ones is
sometimes unreliable when using conventional in@agechniques. For example,
benign oncocytomas, minimal fat angiomyolipoma (AMland RCCs can all
have very similar features on CT scans and ultrad®u These challenges and

risks underscore the need for more reliable arglitessive diagnostic methods.
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Because spontaneous motions like breathing, plsisstaand blood flow are
much more prominent than diffusional motion and roagcure the diffusion effect,
diffusion-weighted imaging (DWI) in abdominal imagi has been restricted.
Nevertheless, several motion-related issues may ®wesolved, and reliable DWI
pictures of the abdominal organs can be obtainedus® of recent developments in
ultrafast MRI methods. DWI provides excellent ogpaities for abdominal imaging,
particularly in diffuse parenchymal disorders ewtilon and localised lesion detection
and characterisation where existing methods fretyéail.

Recent studies have already shown the promisingngat of diffusion-
weighted imaging (DWI) in evaluating various redaeases, such as renal infection,
renal ischemia, pyonephrosis, and diffuse renaleadis 1> 3 32 34 Thjs
emerging technology holds the key to more accuea@ less invasive diagnosis,

potentially revolutionising how we approach renigkedse diagnosis and treatment.

Page 2



Review Of Literature

REVIEW OF LITERATURE

DEFINITION:
WHAT IS DWI?

Diffusion-weighted imaging, a versatile tool, isskbd on the movement of
water molecules and provides information aboutuisarchitecture and integrity. It
assists early metastasis detection, evaluates pthem@sponse, and distinguishes
benign from malignant tumours in cancer imaging. ID3&h be used to assess liver
fibrosis and characterise localised hepatic lesiorike liver, demonstrating its broad
applicability ¥4, It aids in the identification and localisation pfostate cancer in
the prostate gland, and in identifying benign fronalignant breast lesions and

evaluating tumours' response to therapy.

Diffusion-weighted imaging has proven helpful in oyiding critical
information for patient care and therapy decisidtt®wever, its potential has yet to be
fully realised. It is expected to evolve into areevmore valuable tool for the early
diagnosis and characterisation of a wide rangenablogic illnesses, promising a

brighter future in medical imaging.

PRINCIPLES:

Diffusion-weighted imaging (DWI) in magnetic resowca imaging is
based on the principle that water molecules mowelamly within tissues!!®
18,20, 21 ‘ynderstanding free vs. restricted diffusion isictal and fascinating, as

it forms the basis for interpreting DWI resufts.

Free water molecules demonstrate a random / Brawmition, propelled by thermal

kinetic energy, moving without hindrance. Howevbg water moleculeg/ithin the
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cell encounter obstaclesrom cellular compartments(cell walls, organelles)

that impede their motion. The extent of this resdd diffusion directly reflects the

tissue's cellularity, enlightening us on the irdteeworkings of the human body.

For instance, the diffusion of water moleculesugaled in scenarios with an
elevated number of cells with intact walls (as obseé in malignancies, hypercellular
metastases, or fibrosis). This restriction mansfest a decrease in signal intensity on
DWI. Conversely, water molecules are more mobileegions with a lower cell count
or where cell membranes are compromised (such esdhrotic centre of a large

mass), leading to less restricted diffusion andeased signal intensity on DWI.

Therefore, with its precise analysis of tissue abtaristics based on the
movement of water molecules, DWI offers invalualsisights for diagnosing and

characterising a wide range of pathologies, imstjlconfidence in its clinical utility.

TECHNIQUE:
The Stejskal-Tanner sequence, a cornerstone iasthfi-weighted imaging, is

the most widely used methdd 2 20 This sequence, which skillfully integrates
two symmetric motion-probing gradient pulses into @SPE-weighted sequence, is
based on the idea that a diffusion gradient caasphase shift that changes with
location. It's crucial to understand that during tivo pulses of the sequence, spins
that remain in the exact location (indicating aneted diffusion microenvironment)
along the gradient axis return to their initialtstaHowever, spins that have migrated
(which correspond to free water atoms) face anrrate field intensity during
the second pulse. Hence, they cannot return to #tarting state, resulting in a

complete phase shift and a lower intensity of theeoved MRI signal.
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The degree of signal attenuation in diffusion-wééghimaging is influenced by a

multitude of factors, as elucidated by the equation

Sl =SDh x exp (-b x D),

Where:

(SI) is the signal intensity with diffusion weighgj applied.

(Slo) is the signal intensity of the T2-weighted imagih no diffusion gradient
applied.

(b) is the degree of diffusion weighting (b value).

(D) is the diffusion coefficient.

The amplitude, duration, and temporal spacing @ tlvo motion-probing
gradients are increased to enhance the sensit¥itliffusion-weighted imaging to
diffusion. In clinical practice, using multiple bales is not just a strategy but a
prevalent and intriguing one. It's a method thduoes apparent diffusion coefficient
(ADC) calculation errors, thereby enhancing tisskhigracterisation. The variation in b
values allows for a more comprehensive assessméssoe diffusion characteristics,

underscoring their pivotal role in diffusion-weigltimaging.

QUANTITATIVE ANALYSIS WITH DIFFUSION-WEIGHTED IMAGING-
ADC MAPPING:
The ADC (Apparent Diffusion Coefficient) is detemmed after processing

using two b values in diffusion-weighted imagingheT ADC values reflect the
slope of the line plotted on the graph showing kbgarithm of signal intensity
(y-axis) versus the b value (x-axis). Increasing tlumber of diffusion-weighted

images with varying b values improves the precisibdetermining the ADC value.
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The final image that shows ADC values calculatedefach pixel is called an
ADC map. One can determine the ADC value for am d&ne outlining areas within
a lesion. Regions with diffusion and higher diffusiweighted signals

demonstrate ADC values.

It's important to consider that while ADC maps dat provide information,
they should be examined alongside other MR imagesh as diffusion-weighted
images with different b values, high-resolution tan@ical images, and possibly
contrast-enhanced images. This thorough analys@ires the interpretation of

imaging results.
ARTIFACTS AND PITFALLS OF DIFFUSION-WEIGHTED IMAGINXG:

I. T2 SHINE-THROUGH EFFECT:

The spin-echo sequence used in DWI is T2-weighdedpmplex process in
which the T2 signal and the degree of signal atgon after motion-probing
gradient pulses are applied affect the tissuelsasigtensity. The T2 shine-through

effect, a nuanced phenomenon, occurs when a strdrsignal in a tissue with a very

long T2 relaxation period is misinterpreted foritied diffusion.

Making an ADC map is the simplest and most effectivay to distinguish
between T2 shine-through and true restricted ddfusOn the ADC map, restricted
diffusion is represented by low signal intensi{lADC values), whereas T2 shine-
through is shown by high signal intensity. There ather additional techniques

proven to be effective in reducing the T2 shinetigh effect:

A. Using High b Value & Short Echo Time: A short echo time in conjunction

with a high b value can effectively diminish the Tgnal, aiding in its

differentiation from restricted diffusion.
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B. Exponential Imaging Technigue: Using an exponential function, DWI is

divided by a non-weighted image to create a newgan®y reducing the impact of
the T2 signal, this technique helps distinguishwieen T2 shine-through and
restricted diffusion more clearly.

Il. MOTION ARTIFACT:
Motion artefact, a significant challenge in wholedy diffusion-weighted

imaging studies, results from the continuous moveroévarious organs in the body.
This artefact is prominent along the phase-encodiirgction, leading to the
formation of 'ghost' images. The signal generatechat limited to the particular
original voxel but spreads across the entire imagéentially introducing errors in
estimated ADC values. Understanding these chalknigecrucial for devising

effective strategies to overcome them.

To reduce this artefact, several strategies haga beployed:

A._Increase Speed of Image AcquisitionSingle-shot echoplanar imaging allows

for faster image acquisition by reducing the timeguired to capture each
image, enhancing image quality, and reducing thaiohon ADC value estimation.

B. Utilize Parallel Imaging: Parallel imaging techniques exploit spatial

information from multiple receiver coils to accelsr image acquisition,
reducing the time required to acquire each imagedatreasing susceptibility to

motion artefacts.

In these methods, motion artefacts are reduced with accurate assessment&

interpretation of ADC values.
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. EFFECT OF CONTRAST MATERIAL:

Performing whole-body DW imaging requires carefohsideration of the
impact of contrast material on the quantitativeeasment of ADC values. This is
significant in the renal parenchyma due to the lughcentration of contrast material

and the paramagnetic effects of contrast agentgxtinto the collecting system.

In a study done by Wang et al. involving 50 paserit was noted that
the ADC signal of the renal parenchyma exhibitedigmificant decrease in post-
contrast diffusion-weighted images. These postreshtimages were acquired
approximately 11 minutes after the injection of ttast material. However, no
substantial reduction in ADC values was noted aftertrast material administration

for the liver, pancreas, or spleen.

This finding underscores the importance of consmdercontrast material
effects when interpreting ADC values, particulanyegions with high contrast agent
concentration, such as the renal parenchyma. Soebiderations are essential for
accurate assessment and interpretation of wholg-aiflision-weighted imaging
findings, ensuring reliable diagnosis and char&ason of pathology across various

anatomical regions.

MRI ANATOMY OF KIDNEY :

The kidney's magnetic resonance imaging (MRI) angtoffers a precise and
detailed visualisation of the renal structures,ludimg the renal parenchyma,
collecting system, blood vessels, and surroundssyes, instilling confidence in the

accuracy of the information provided.
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1. Renal Parenchyma:

- Cortex: The outer layer of the kidney, appearingaafyperintense rim on T1-
weighted images (which are suitable for anatomileshil) and a hypointense rim on
T2-weighted images (which are ideal for fluid détam) (Figure 1.0).

- Medulla: The inner part of the kidney, consistifigenal pyramids separated by renal
columns.

- Renal Pyramids: Triangular-shaped structures iwithe medulla, containing the

renal tubules and collecting ducts.

Figure 1 & 1.1: Axial & coronal T2W images of theormal kidneys show

T2 hyperintense renal pyramids and T2 hypointeasalrcortex.
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2.Renal Collecting System:

- Renal Pelvis: The central region where urine ctdldoefore draining into the

ureter (Figure 2).

- Calyces: Cup-shaped structure that collects urmoen fthe renal pyramids and

funnel it into the renal pelvis.

Figure 2: Axial T2W image of the right kidney

shows an area of T2 high signal in the area of
the renal sinus (the space within the kidney
adjacent to the renal pelvis) suggestive of renal

calyces.

.

Figure 3: Axial T2W image of the right kidney

shows an area of T2 high signal at the renal

-

hilum suggestive of the renal pelvis
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Renal vasculature:

- Renal Arteries and Veins: Supply and drain bloodrd from the kidneys.

- Segmental Arteries: Branches of the renal artergplyu blood to specific
segments of the kidney (Figure 4).

- Interlobar Arteries and Veins: Run between the Ir@yaamids and supply and
drain blood from the cortex.

- Arcuate Arteries and Veins: Arise from the intedolvessels and arch over the

base of the renal pyramids.

Figure 4: Coronal T2W image of the left
kidney shows the main renal artery arising
from the abdominal aorta and its segmental

branch
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3. Surrounding Structures:

- Perirenal Fat: Surrounds the kidney and providehioming and protection.

- Gerota's Fascia: A layer of connective tissue #ratapsulates the kidney
and perirenal fat.
- Adrenal Glands: Sit atop each kidney and produaenbpes such as cortisol

and adrenaline.

THE BOSNIAK CLASSIFICATION SYSTEM:

The Bosniak classification system, a precise taategorises renal cystic
lesions based on computed tomography (CT) or magretonance imaging (MRI)
findings 23, It stratifies cystic renal masses based on thisk of malignancy,

providing a confident guide for clinical managem&§t4: 411

1. Bosniak |: Simple Cysts

- Characteristics: Well-defined, thin-walled cyststwhomogeneous fluid content
and no enhancing components.

- Management: Typically, benign and requires no frthevaluation or
intervention.

2. Bosniak Il: Minimally Complex Cysts

Characteristics: Cysts with a few thin septationsjimally thickened or irregular
walls, or a few non-enhancing mural nodules.

Management: Bosniak Il cysts have a low risk of ligmancy.
However, follow-up imaging may be recommended taitoo for changes over time,

ensuring early detection of potential issues.
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1. Bosniak |IF: Indeterminate Cysts

- Characteristics: Cysts with more numerous or thideptations, thicker
irregular walls, or multiple enhancing mural nodule

- Management: There is an intermediate risk of malgy. Follow-up
imaging or further evaluation with contrast-enhahd@T or MRI may be

recommended.

2. Bosniak Ill: Suspicious Cysts

- Characteristics: Cysts with thickened irregular Isyaimultiple thick septations,
or enhancing soft tissue components.
- Management: Moderate to high risk of malignancy.rgial resection or

biopsy may be considered for definitive diagnosis.

3. Bosniak IV: Overtly Malignant Cysts

Characteristics: Cysts with enhancing solid comptsyenodularity, or cystic

lesions with enhancing soft tissue masses.

Management: High risk of malignancy. Surgical réisecis often recommended

for histological diagnosis and treatment.

The Bosniak classification provides a standardiskdmework for
communication and ensures appropriate patient géinde the Bosniak classification
system is widely used, it respects the importantendividual institutions or
radiologists who may vary or modify the classifioatcriteria based on their valuable

clinical experience and available imaging modaditie
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o

| 1l IIF 1} v

Bosniak stage Risk of Features
malignancy (%)

| 0 Thin wall without septa or solid components.
No internal enhancement.

" 0 Few (<3) thin septa. It may show minimal
enhancement of the septa.

Hyperintense on T1 without enhancement.

"F 5 Multiple (>3) thin septa.
Smooth mild thickening (3 mm) of the wall or
septa.

It may contain minimal enhancement of the
septa.

Thickened (>3 mm) wall or septa with
I" 50 enhancement.

Irregular wall or septa with enhancement.

|V 90 Soft tissue enhancing mass independent
from the wall.

Figure 5: Bosniak classification system for rengitic lesiong!?

CHARACTERISATION OF SOLID RENAL MASSES:

CT and MRI are preferred over ultrasound (USG) doetheir superior
accuracy in detecting and characterising these esaddSG often misses small

tumours and can show overlapping features betwerigb vs. malignant lesions.

The shape of solid renal masses provides a stfaiglard classification
method. Nodular, well-defined masses cause a cofitolge, while infiltrative, ill-
defined masses grow while maintaining the renapshahis classification helps us
understand the nature of the mass and guides uardswdifferent diagnostic
possibilities. For instance, nodular masses oféaéserconcerns for malignancy, while

infiltrative masses may indicate other pathologpalcesses.
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When a nodular mass without macroscopic fat isatedein the kidney, it
is not just a finding but a potential indication @hnal cell carcinoma (RCC). As
the most common expansive solid masses in the KIdRECs are often incidentally
detected when small (3 cm) and at an earlier stélgis. early detection is not just a

game-changer but a lifesaver, leading to a sicanifiy better patient prognosis.

RCC is a condition with a wide range of histopatigidal entities, but three
main subtypes dominate the landscape. Clear cadincema (ccRCC) is the most
prevalent, accounting for 80% to 90% of all RCCsnfdstunately, ccRCC
generally has a worse prognosis compared to oth#yges. On the other hand, there
are also low-grade RCCs, which include papillaryrcceoma (pRCC) and
chromophobe carcinoma (chRCC). These subtypeseasecommon, accounting for
6—-15% and 2— 5% of RCCs, respectively, but thed terhave better survival rates

than ccRCCs, offering a glimmer of hope in the fatthis challenging condition.

ANGIOMYOLIPOMA:

When a solid renal mass is detected, macroscopiaellular) fat is a sign
and a significant indicator of angiomyolipoma (AML)This is because
macroscopic fat in other renal masses, like remdll carcinoma, is sporadic and

typically associated with additional features ldacifications.

AMLs are tumours of mesenchymal origin that consaft varying
proportions of blood vessels, smooth muscle celtg, adipocytes. They are not rare
but relatively common in the general populationthwprevalence ranging from 0.3%

to 3%. There are two primary epidemiological formsporadic AML (which
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constitutes 80% of cases and is most common in letigged women) and AML

associated with tuberous sclerosis (20% of cases).

Confirming macroscopic fat in a renal mass is tgjlycdone using imaging
techniques such as computed tomography or magretmnance imaging (MRI).
In an MRI, the mass exhibits an iso-signal relatvsubcutaneous or intraabdominal

fat in all phases, including a Fat Saturation sagee

It's crucial to reiterate that macroscopic fat @ just a feature but a key
diagnostic feature for AML. While detecting sigmsbp (chemical shift) in an out-of-
phase MRI sequence can indicate the presence obsuoapic intracellular fat, this
alone should not be relied upon for diagnosing AM&,many clear cell RCCs also

contain fat. Therefore, macroscopic fat remainsdegnitive diagnostic feature for

AML.
Tumor Chromophobe type
characterisation Clear cell RCC Papillary RCC RCC
High to
T2W signal intermediate Low Intermediate
Out-phase signal| In-phase signal los
drop due to due to hemosideri
In-phase/Out-phas{ microscopic fat deposition Homogeneous
Enhancement ++++ + T
Absent/ small cysti
Necrosis +++ SrETES Absent

Table 1: MRI imaging characterisation of clear aehal cell carcinoma(ccRCC),
papillary type renal cell carcinoma (pRCC) & chrgrhobe type renal cell carcinoma
(chRCC).
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Diffusion-weighted imaging (DWI) is valuable for claracterising solid masses,

particularly in renal lesions. Here's how it can behelpful:

1. Apparent Diffusion Coefficient (ADC) Values:

- ADC values obtained from DWI reflect the diffusiof water molecules within
tissues. Higher ADC values indicate greater difinsand can suggest specific
tissue characteristics.

Recent meta-analyses have highlighted significahther ADC values in
oncocytomas than RCC. This distinction can helpetghtiate between these two

types of renal masses.

Additionally, studies have observed significantfefénces in ADC values
between different subtypes of RCCs. For instanke, gapillary subtype exhibits

lower ADC values than other RCC subtypes.

2. Clinical Application:

- The differences in ADC values between oncocytonfREC subtypes, and
other renal masses, as revealed by DWI, can padlgtiassist radiologists and
clinicians in making more accurate diagnosis, eoiman the value of this
imaging technique in your daily practice.

When combined with other imaging modalities andnichl data, DWI
comprehensively evaluates solid renal masses. ddngprehensive approach guides
treatment decisions and prognostic assessmentsraaoding the breadth of DWI's

usefulness in your clinical setting.
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In conclusion, integrating DWI into the imaging fwool offers significant
advantages in understanding the diffusion properté tissues. Higher ADC
values are typically observed in oncocytomas; variationsexist among
different RCC subtypes. This integration not only enhancesctiaracterisation of

solid renal masses but also enhances diagnosticsjane.

REVIEW OF PREVIOUS STUDIES:

. The retrospective study of Kumaresan Sandrasegarah in 2009 at Indianapolis
aimed to evaluate the utility of DWI in distinguish between various subgroups
of renal masses. The study measured the apparfusiain coefficients (ADCS)
of renal masses, where malignant lesions are prdbhedugh biopsy/ surgical
pathology and benign cystic lesions demonstratbilgyawithout treatment for a
minimum follow-up period of 24 months. The studyngmised twenty patients
with benign lesions and 22 patients with maligrastons.

The results revealed that the ADC values of benigsions were
statistically higher than malignant lesions. MoreQvADC measurements proved
helpful in histologic subtyping of RCC. This undmees the potential of DWI in
improving diagnostic accuracy and its relevanceguiding treatment decisions,
particularly in patients for whom gadolinium-basedontrast agents are

contraindicated®!

. The retrospective study conducted by Hynek Mirkalein Prague in 2015 involved
143 tumours in 139 patients, comprising 130 malngnamours and 13 benign
tumours. The tumors were examined using diffusi@gived imaging (DWI) with b

values of 50, 400, and 800 s/mmz2. These b valupeesent the strength of the
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diffusion-sensitizing gradients used in the DWI weuce, with higher values
indicating stronger gradients and more sensitivedai®n of diffusion.

Their findings underscore the precision of DWI irenal tumour
characterisation and grading, suggesting that sisgesthe diffusion of water
molecules in renal tumours using apparent diffusioefficient (ADC) measurements
may aid in distinguishing clear cell renal cell @aoma (CCRCC) from other
histological variants of renal carcinomas and aeieing its grade. This practical
application of DWI could potentially enhance thee@sion of treatment planning.
Additionally, the method demonstrated the potenf@ differentiating between
benign and malignant tumours, particularly betw#enmost typical representatives,

oncocytoma and ccRCC gradé.

. The retrospective study by Jingbo Zhang, MD, etiralNew York in 2007 aimed
to evaluate the utility of ADCs for characterisimgrious renal masses. The study
included 25 patients (fifteen men, ten women) ag@dto 75 years with renal
diseases and tumour types. All patients underwemalrmagnetic resonance (MR)
imaging, including diffusion-weighted imaging, begaephrectomy.

Among the 25 individuals, 26 kidney tumours werscdivered. Eleven
benign cysts were found in eight individuals. Renanours had lower ADCs
(median, 189.3 x 1® mn¥/s; range, [102.0-262.0] x POmn?/s compared with

benign cysts (median, 322.8 xAen¥/s; range, [217.0-421.0] x fomn¥/s; P <

.001). Solid-enhancing tumours had significantiwéo ADCs (median, 162.3 x
10° mn?/s; range, [102.0-284.0] x POmn?¥/s) compared with non-enhancing
necrotic or cystic regions (median, 247.7 R10n¥/s; range, [85.2-310.0] x 0

mn¥/s; P = .007).
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Their findings suggested a correlation betweerilthsignal characteristics
of a renal lesion and its ADC. This implies that @Dneasurements may offer
valuable insights into characterising and diffeia@img renal masses, including
viable solid tumours, necrotic or cystic tumouraaeand benign cysts. These insights
can potentially guide treatment decisions, suchhaschoice between surgery and

conservative management, and improve patient owsdh

. In 2004, M. Cova, MD et al. conducted a study abtthat involved 39 participants,
including ten regular volunteers and 29 patientthvkinown renal lesions. The
participants underwent an MRI of the kidneys usind.5 Tesla superconducting
magnet.

Their findings indicated that the renal diffusiomighted magnetic resonance
imaging (DW MRY) is feasible and reliable for diféstiating between normal renal
parenchyma and various renal diseases. Notablyatheisition time for the DW
sequence was only 17 seconds, allowing for thelrapquisition of diagnostic-quality
DW images and quantitative data on diffusivity. Sistudy highlights the potential
clinical utility of DW MRI in renal imaging, offeng both qualitative and
guantitative information about renal tissue chamastics while also emphasising

its efficiency in the diagnostic proce$s.

. The retrospective study conducted by Suresh da ®ihal. in 2021 in England aimed
to evaluate the utility of MRI imaging, specificalldiffusion-weighted imaging
(DWI) with apparent diffusion coefficient (ADC) creteristics, in assessing renal
masses. The study included all patients who underidRI imaging for renal

masses at the same imaging facility between Juhé @0d June 2019.
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Of the 66 patients examined for ADC characteristiee distribution of renal
masses was as follows: 33 (50.0%) Clear Cell RCLC(16.7%) Oncocytoma, 9
(13.6%) Angiomyolipoma, 9 (13.6%) Papillary Type RCC, and 4 (6.1%)

Chromophobe RCC.

The study's results suggested that renal MRI DWI{ZADBnaging holds
promise in differentiating oncocytomas and angiohpgma from RCCs.
Additionally, it may assist in stratifying RCC swypes, particularly in challenging

cases where biopsy or surgery may pose a higloribk infeasiblelZ

. The retrospective study conducted by Bachir Taddid, et al. in 2009 in New York
aimed to compare the diagnostic performance otsiifin-weighted (DW) magnetic
resonance (MR) imaging with contrast-enhanced (MRB) imaging and assess the
combined performance of these examinations fochaacterisation of renal lesions.
MR follow-up and histopathologic analysis servediesreference standards.

The study included 109 renal lesions in 64 patiéa6men and 18 women)
with a mean age of 60.7 years. These lesions wesduaed using CE MR

imaging and breath-hold DW imaging with variousdiues.

The findings suggested that DW imaging can besetilito characterise renal
lesions. However, it was found to be less accucat@pared to CE MR imaging.
Despite this, DW imaging demonstrated utility inffelientiating solid renal cell
carcinomas (RCCs) from oncocytomas and charactgrithie histologic subtypes
of RCC. The combination of DW and CE MR imaging mayovide
complementary information, potentially enhancing tiverall diagnostic performance

for renal lesion characterisation. These findingseh important implications for
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clinical practice, suggesting that combining imagimodalities may be more

effective in characterising renal lesions than gsirsingle modality aloné&!

. In 2004, Israel GM et al. studied cystic renal neasssing CT and MR imaging
and compared their effectiveness based on the Blostassification system.

The Bosniak classification system categorises cyshal masses based on

their imaging features, helping to guide managenuauisions. The study compared

the performance of CT and MR imaging in utilisitgstclassification system.

The study's findings, published in RSNA, demonstitahat CT and MR imaging
effectively evaluated cystic renal masses using Blosniak classification system.
However, the study did not indicate a superiorifyoae modality over the other.
Instead, it highlighted the complementary rolesCdf and MR imaging in assessing

cystic renal masses!

. Carbone SF et al. conducted a preliminary studgdf7 to investigate the utility
of diffusion-weighted magnetic resonance imagingagsessing renal function. The
study, published in Radiologia Medica, aimed tolex# the potential of DW-
MRI as a tool for renal function assessment.

Fourteen patients (nine men and five women, mean4&yyears, range 22-66
years) underwent an MR examination on a 1.5-T gysiehe glomerular filtration
rate (GFR) assessed by Cockcroft-Gault's equati@s wsed as a functional
marker. ADC was 2.44+/-0.24 x 2@nn¥/s in patients with normal GFR and 2.05+/-
0.33 x 10° mm¥s in subjects with altered GFR; a significant eliéince was
found between stage Ill and IV, whereas no diffeesnwere found between stage |
and Il and between stage Il and Ill. A good cotiefawas found between GFR and

ADC, with no significant change after furosemidenaaistration 129
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9. The study conducted by Thoeny et al. in 2005 explothe utility of diffusion-
weighted magnetic resonance imaging (DW-MRI) ireassg kidney health in both
healthy individuals and patients with renal pargmehl diseases. This research,
published in RSNA, aimed to provide early insigint® the application of DW-MRI
in renal imaging.

Eighteen healthy volunteers and 15 patients ppetied in the study. The
study calculated various apparent diffusion cogdfit (ADC) values to discern
the impact of perfusion and diffusion. These ineldidhe ADC of all b values (ADC
(avg)), the ADC of low b values (b = 0, 50, 100/s@0?; ADC (low)), and the ADC

of high b values (b = 500, 750, 1000 sec/mmz2; ADIGhh

The results showed that in healthy volunteers, ABN&rage) and ADC (high)
were significantly higher in the cortex comparedhte medulla (P < .001). However,
no difference between the cortex and medulla weservied for ADC (low). In
patients with renal failure, ADC values for bothteax and medulla were significantly
lower compared to volunteers (P < .001, P = .004AOC (avg); P =.02, P = .03
for ADC (low); P = .02, P = .04 for ADC (high). ARDC values in pyelonephritis
were significantly lower than the contralateralesidtill, individuals with ureteral
blockage showed varied differences in all ADC valaempared to the contralateral

side.

The study found no statistically significant chasige the repeat study of the

volunteers.

The study concluded that DW MR imaging is feasiafel reproducible in

evaluating renal function based on the initial eigee with a few patients and
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volunteers. This suggests the potential for DW-MRBI contribute to

the assessment of renal health and patholégy.

10.In 2004, the study by Squillaci E et al. aimed twestigate the correlation
between diffusion-weighted magnetic resonance inta¢DW-MRI) findings and the
cellularity of renal tumours. Published in AnticendResearch, this study provided
insights into the potential of DW-MRI in assessthg cellular characteristics of renal
tumours.
Twenty healthy volunteers and 18 patients with ré&maours were enrolled in
this study. The DWI sequence was performed befongrast administration utilising

a single-shot SE EPI Inversion Recovery (IR) proced

The early findings suggest renal tumours have aetowean apparent
diffusion coefficient (ADC) value than normal kidndissue. Surprisingly, the
ADC value of tumours didn't seem significantly letkto how densely packed the
tumour cells were. Still, it showed a connectiorihte overall structure of the tumour,

as seen under the microscope.

These early findings hint at the potential of usdiffusion-weighted imaging
(DWI) to quickly gather crucial information abotnet composition of kidney tumours,
all within a short 17-second scan. This could piadig revolutionise clinical
practice, offering doctors a non-invasive way talenstand the makeup of these

tumours without the need for invasive procedufés.

11.The 2008 study by Sasaki M et al. aimed to as$essgariability in absolute apparent
diffusion coefficient (ADC) values across differeMRI platforms. Published in
RSNA, this study conducted a multivendor, multititngional comparison to evaluate

the consistency of ADC measurements obtained fridi@reint MRI scanners.
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Diffusion-weighted (DW) images with nearly identicparameters were
obtained at 1.5 and 3.0 T from 12 healthy volurgesdrseven institutions using ten
magnetic resonance (MR) images provided by fouduesnn ADC maps were created
from isotropic DW maps, and pictures with b valdedsec/mm were created. The
absolute ADC values of grey and white matter frdme tsame vendor differed
substantially: 4%-9% at 1.5 and 3.0 T. Except foe ovendor, the intervendor
variability at 1.5 T was as high as 7%. Moreovdreré was substantial intra-

imager variability, up to 8%, depending on the sgstems in certain imagers.

The significant variability in ADC values based the coil systems, imaging
machines, manufacturers, and magnetic field strsngsed in MRI scans suggests a
potential solution, as indicated by this study. Tise of relative ADC values, rather
than absolute ones, might be more appropriate §eessing diffusion abnormalities

in patients participating in multicenter trials facute ischemic strok¥!

Namimoto T et al. conducted a study published enxburnal of Magnetic Resonance
Imaging in 1999. The study aimed to measure difftea®l disease's ADC using
diffusion-weighted echo-planar imaging.

Diffuse renal diseases, a complex range of contditiaffecting the entire
kidney parenchyma, such as acute and chronic pamehchymal diseases, nephritis,
and fibrosis, have been the focus of our resedrbb. ADC, derived from DW-EPI,
provides a comprehensive understanding of the gdfu characteristics of water
molecules within renal tissues, offering deep ihtginto tissue microstructure

and pathophysiology.
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The study likely involved imaging a cohort of patie with diffuse renal
disease using DW-EPI sequences. ADC measuremenmis atgained from regions
of interest within the renal parenchyma and comparetween patients with

different types and stages of renal disease.

The study's findings likely demonstrated alteradidn renal ADC values
associated with diffuse renal diseases. ChangesDi@ may reflect differences in
tissue cellularity, fibrosis, inflammation, or oed& within the renal parenchyma,
providing valuable information for diagnosing andomrtoring renal disease
progression. Overall, this study likely contributedour understanding of the role of
DW-EPI and ADC mapping in assessing diffuse remsgakes and provided insights
into the potential utility of these techniques imical practice for evaluating renal

function and pathology?®!
In their study published in the Journal of the BamhlgRadiological Society (JBR-

BTR) in 2002, Verswijvel G, Vandecaveye V, Gelin &ndevenne J, Grieten M,
Horvath M, et al. investigated the utility of diffion-weighted magnetic

resonance imaging (DW-MRI) in the evaluation ofaleinfection.

Renal infection, such as pyelonephritis, can lemdnflammatory changes
within the renal parenchyma. DW-MRI measures tHéusion of water molecules
within tissues, which can be sensitive to changesissue microstructure and

cellularity associated with inflammation.

The study likely involved imaging a cohort of patie with suspected renal
infection using DW-MRI sequences. By analysing ti8VN-MRI findings,

including apparent diffusion coefficient (ADC) val and signal intensity
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characteristics, the researchers aimed to assesslidlgnostic utility of DW-MRI

in detecting and characterising renal infection.

The study's findings likely demonstrated the paaéntf DW-MRI as a
noninvasive imaging technique for evaluating reimééction. DW-MRI may offer
additional insights into the extent and severityirdfammatory changes within the

renal parenchyma, aiding in diagnosing and managingl infections.

Overall, this study likely provided preliminary eeince supporting the use of

DW-MRI in assessing renal infectidé?!

In a 1994 study published in Radiology, Muller MPrasad PV, Bimmler D,
Kaiser A, and Edelman RR investigated functionakgimg of the kidney by
measuring the apparent diffusion coefficient (ADThis study provided valuable
insights into the potential of DW-MRI in functionahaging of the kidney.

The study likely involved using diffusion-weighteghagnetic resonance
imaging (DW-MRI) technigues to measure the ADC lie kidneys of a cohort of
patients. By acquiring DW-MRI images and calculgthDC values, the researchers

aimed to noninvasively assess renal function ategyrity.

The apparent diffusion coefficient reflects the fudifon rate of water
molecules within tissues, providing insights intesste microstructure and
function. ADC values may indicate changes in tisst@lularity, fibrosis, or

inflammation within the kidney parenchyma.

The study findings likely demonstrated alteratiansrenal ADC values
associated with various renal pathologies, sudcage kidney injury, chronic kidney

disease, or renal masses. By correlating ADC measemts with clinical data and
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renal function tests, the study likely providedigigs into the functional significance

of ADC changes in renal disea&é!

In a 1995 study published in the Journal of MagnB&sonance Imaging, Siegel CL,
Aisen AM, Ellis JH, Londy F, and Chenevert TL ex@d the feasibility of
conducting magnetic resonance (MR) diffusion stsidiethe kidney.

The study likely involved imaging a cohort of pati® or volunteers using
DW-MRI sequences specifically tailored for renalamng. The researchers likely
assessed the quality of DW-MRI images obtained frame kidneys. They
evaluated the feasibility of quantifying diffusiparameters within renal tissues, such

as the apparent diffusion coefficient (ADC).

The study's findings likely demonstrated the tecahifeasibility of
performing DW-MRI studies in the kidney. Despiteetlithallenges posed by
respiratory and cardiac motion, the researcheeylishowed that DW-MRI could
yield informative images of renal anatomy and poatly provide valuable
insights into renal function and pathology. Overtiis study laid the groundwork for
subsequent research on DW-MRI in renal imagindhidghlighted its potential as a

non-invasive imaging modality for assessing rersisiplogy and patholog:d

In their 2018 study published in the Internationdtology and Nephrology
journal, Mytsyk et al. examined the utility of thpparent diffusion coefficient (ADC)
obtained from diffusion-weighted magnetic resonanpogging (DW-MRI) in
distinguishing small renal masses (SRM).

The study involved 158 adult patients with 170 SRbtsmpared to a control
group of 15 healthy volunteers with typical clidiGgnd radiological findings. All

participants underwent MRI with DWI sequences.
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The findings revealed that the mean ADC valuesobifigenal cell carcinoma
were significantly lower (1.65 + 0.38 x 10-3 mm?2thpn those of healthy renal
parenchyma (2.47 £ 0.12 x 10-3 mm?/s, p < 0.05). Heweno significant difference
was observed in mean ADC values among clear celC,R@apillary RCC, and
chromophobe RCC. An inverse correlation was notedlvéen mean ADC values

and the Fuhrman grade of nuclear atypia of solRIGECs.

Furthermore, significant differences were obserwedmean ADC values
between solid RCCs, benign renal tumours, and reysts (1.65 + 0.38 x 10-3 vs
2.23 + 0.18 x 10-3 vs 3.15 + 0.51 x 10-3 mm?/s, eetipely), as well as between

benign cysts and cystic RC&
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AIMS & OBJECTIVES

The study aimed to evaluate the role of diffusion-weighted imaging in
differentiating various subgroups of renal masses. (i.e, viable solid tumours,

necrotic or cystic tumours, & benign cysts).
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MATERIALSAND METHODS

From 1 January 2023 to 31 December 2023, patieaets veferred for a MRI
Abdomen with DWI for clinically suspected renal rses to the department of
Radiodiagnosis at The KLE's Dr Prabhakar Kore H@adpk MRC, Belgaum,
Karnataka, India.

Study Design: Hospital-based observational cross-sectional study

Study Period: One year — between January 2023 to December 2023
Sample Size:
The minimum sample size formula based on the peecal rate is

2,2 P(1- P)
&

n=

P is the percentage of prevalence, and d is theeptge of likely difference in
prevalence.

zo is linked with the level of significance. For a 98vel of significance, @ = 1.96.
Ref:

With P = 30% and d = 25% of P = 7.50%, the samigke is 44.

Sampling technique: Universal Random Sampling

Inclusion Criteria:

Patients referred with a variety of clinical indioas, including flank pain,
hematuria, abdominal mass, and diagnosed and uraliad cases of renal
carcinoma.

Patients from all age groups will be included ia #tudy.
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Exclusion Criteria:

« Contraindications to MRI.
« Patients with metallic medical implants (intraocutzetallic foreign body, cardiac
pacemakers, MR non-compatible intracranial clipartérial brain aneurysms).

» Patients who refused to do the examination.

Study protocol:

Institutional Ethical Clearance from the Institutéd Ethics Committee from
Human Subject Research of Jawaharlal Nehru Me@iodege, Belagavi, Karnataka,
was obtained. All patients coming to the institatiduring the study period with
complaints of renal masses were advised for Magifitisonance Imaging-Diffusion
Weighted Imaging. Patients fulfilling all the insion criteria and none of the
exclusion criteria and willing to provide voluntagpnsent for participation in the
study were enrolled. Forty-four patients with remaksses were included for
statistical significance.

Data collection procedure:

The study followed a systematic approach, usingGaTgsla Siemens MRI
machine (Magnetom Spectra). A standard scan prbtwes meticulously applied
to all the patients with renal pathology undergodiyl MRI Sequence. Their DWI
sequence was thoroughly evaluated, and the App&ifusion Coefficient (ADC)
values were calculated monoexponentially with &fl value sequences using the
scanner software. Four and six oval regions ofraste(ROIs) were precisely placed
over the renal masses on the ADC maps. These R@lsided a large one
encompassing as much of the mass as possible blutdagg normal kidneys. The

minimum value of the mean ADC measurements of sl ROIs was used for
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analysis and denoted as the minimum ADC for théomesin cases where there
are multiple masses in a kidney, the ADCs of thstraignificant two masses, measuring

more than 1.5 cm, were obtained.

MRI SEQUENCES THAT WILL BE OBTAINED:

- Diffusion-weighted imaging
« Axial and Sagittal T1-weighted dual-echo in-phasd aut-of-phase sequences
« Axial and Coronal T2-weighted single-shot fast spamo sequences

« Axial - T1 FATSAT

Figure 6: 3.0 Tesla Siemens MRI machine (Magnetpeca).
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Data processing and analysigstatistical analysis:
Since the study was observational, the analysis wks as follows.

For the continuous quantitative variables, mean staddard deviation were
calculated. If the data was divided into two growoesicerning specific qualitative
characteristics, the continuous variables were @vetp using suitable statistical
tools, like the student’s unpaired t-test. The @md- post-treatment measures were
compared using the student’s paired t-test.

A median represents discrete variables. The categatata will be expressed
in rates, ratios, and percentages. The associagbneen the outcome and clinical
and demographic characteristics was tested usiagChi-square test, a test of
proportion, or Fisher's exact test. Nonparametests were used for discrete
variables. Apart from the above, suitable toole IKNOVA, correlation, regression,
etc., were used as needed. Suitable graphs weldaigepict the comparison.

The p-value of less than 5% (0.05) was consideigrdficant for all the tests.
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OBSERVATION & RESULTS

TABLE 2: AGE IN YEARS-FREQUENCY DISTRIBUTION OF

PATIENTS STUDIED

Agein Years No. of Patients %
1-1C 4 9.1
11-2C 1 2.8
21-3C 1 2.8
31-4C 4 9.1
41-5C 6 13.€
51-6C 1t 34.1
61-7C 9 20.
>70 4 9.1
Total 44 100.(
Mear 49.6¢
SC 19.4(

In this study population, the mean age was 49.68€l 9ears.
Among the study population, 4 (9.1 %) cases weeddl310 years, 1 (2.3 %) case
was aged between 11-20 years, 1 (2.3 %) case veak2dg30 years, 4 (9.1 %) cases

were aged between 31-40 years, 6 (13.6 %) caseshetveen 41-50 years, 15 (34.1

%) cases aged between 51-60 years, 9 (20.5 %) agsedsbetween 61-70 years

and 4 (9.1 %) cases aged more than or equal tedsy
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GRAPH 1: AGE IN YEARS-FREQUENCY DISTRIBUTION OF PAENTS

STUDIED
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TABLE 3: GENDER- FREQUENCY DISTRIBUTION OF PATIENTSTUDIED

Gender No. of Patients %

Female 17 38.6
Male 27 61.4
Total 44 100.0

Among the study population, 27 (61.4 %) were maled the remaining 17

(38.6 %) were females.

GRAPH 2: GENDER- FREQUENCY DISTRIBUTION OF PATIENTSTUDIED

Gender
Male

Female
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TABLE 4: SYMPTOMS- FREQUENCY DISTRIBUTION OF PATIENS

STUDIED
No. of
SYMPTOMS %
Patients
No 11 25.C
Yes 33 75.0
« ABDOMINAL PAIN 27 61.4
« HEMATURIA 13 295
« BURNING MICTURITION 10 22.7
« WEIGHT LOSS 10 22.7
« LOSS OF APPETITE 9 20.5
« ABDOMINAL DISTENSION 4 9.1
 URINARY INCONTINENCE 4 9.1
« NAUSEA 1 2.3
« VOMITING 1 2.3
Total 44

Among the study population, 25% of the patientsqddes) had no symptoms,
and the remaining 75% (33 cases) presented withusasymptoms. The

most common symptom was abdominal pain (61.4%pvi@d by hematuria
(29.5%) and burning micturition (22.7%). The leesnmon symptoms were

nausea and vomiting (each with 2.3%).
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GRAPH 3.1: SYMPTOMS- PRESENT OR ABSENT

SYMPTOMS

Nil  Yes

GRAPH 3.2: SYMPTOMS- FREQUENCY DISTRIBUTION OF PANTS
STUDIED

SYMPTOMS

No. of patients %
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TABLE 5: CO-MORBIDITIES- FREQUENCY DISTRIBUTION OF

PATIENTS STUDIED

CO-MORBIDITIES No. of Patients %
Absen 14 31.¢
Preser 3C 68.2
Total 44 100.(

Among the study population, 14 patients (31.8%) mado-morbidities, and

30 (68.2%) had various comorbidities.

GRAPH 4: CO-MORBIDITIES- FREQUENCY DISTRIBUTION OF
PATIENTS STUDIED

CO-MORBIDITIES

Absent Present

Page 40



Results

TABLE 6: SIDE AFFECTED- FREQUENCY DISTRIBUTION OFATIENTS

AFFECTED
SIDE AFFECTED No. of Patients %
Both 7 15.€
Left Side 18 40.¢
Right Side 1€ 43.2
Total 44 100.(

There was no significant difference among the spumjyulation regarding the side
of the kidney affected. The right side was affedted9 cases (43.2%), the left
side was affected in 18 cases (40.9%), and bottssickre affected in 7 cases

(15.9%).

GRAPH 5: SIDE AFFECTED- FREQUENCY DISTRIBUTION OFAPIENTS

STUDIED

SIDE AFFECTED

Both Left Side Right Side
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TABLE 7: SIZE (CM)- FREQUENCY DISTRIBUTION OF LESIRS STUDIED

No. of Lesions
Variables %
(n=58)
size <4cm 34 58.6
size 4-8 cm 15 25.9
size >8 cm 9 155

Among the lesions studied, most (58.6%) were leas & cm in size, 15 lesions
(25.9%) were between 4 and 8 cm in diameter, afelva(15.5%) were more

than 8 cm in diameter.

GRAPH 6: SIZE (CM)- FREQUENCY DISTRIBUTION OF LESN® STUDIED

size <4cm size 4-8 cm size 38 cm
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TABLE 8: TYPE OF LESION- FREQUENCY DISTRIBUTION OF

LESIONS STUDIED

No. of Lesions
Variables %
(n=58)
SOLID LESION 22 36.2
CYSTIC LESION 34 58.¢
COMPLEX CYSTIC LESION 2 34

Out of 58 lesions under evaluation, 34 cystic lesiavere seen (58.6%),

followed by 22 solid lesions (36.2%), with the lelsing two complex cystic

lesions (3.4%).

GRAPH 7: LESIONS- FREQUENCY DISTRIBUTION OF LESIONSTUDIED

SOLID LESION

CYSTIC LESION COMRLEX CYSTIC LESION
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TABLE 9: T1W/ T2W- FREQUENCY DISTRIBUTION OF LESIOSI STUDIED

No. of
Variables Lesions %
(n=58)
TiW
« HYPERINTENSE 3 5.2
« HYPOINTENSE 46 79.3
« HYPOINTENSE TO ISOINTENSE 2 3.4
+ ISOINTENSE 7 121
T2W
« HYPERINTENSE 43 74.1
« HYPOINTENSE 3 5.2
« ISOINTENSE TO 7 121
HYPERINTENSE
+ ISOINTENSE 5 8.6

Among the lesions studied, the most common sign@nsity seen in T1W

imaging is ‘hypointense’ (79.3%), noted in 46 lesipand the most common

signal intensity seen in T2W imaging is ‘hyperirgen(74.1%), indicated in 43

lesions.
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GRAPH 8.1: T1W - FREQUENCY DISTRIBUTION OF LESIONSTUDIED
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TABLE 10: NECROTIC AREAS- FREQUENCY DISTRIBUTION OF
SOLID LESIONS STUDIED

NO. OF SOLID LESIONS
NECROTIC AREAS %
(N=22)
Absent 12 545
Present 10 455

Among the solid lesions studied, 10 (45.5%) hadatecareas within them, and

12 lesions (54.5%) had absent necrotic regions.

GRAPH 9: NECROTIC AREAS- FREQUENCY DISTRIBUTION OF
SOLID LESIONS STUDIED

NECROTIC AREAS

Present
45%
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TABLE 11: SEPTATIONS- FREQUENCY DISTRIBUTION OF CYSTIC
& COMPLEX CYSTIC LESIONS STUDIED

NO. OF LESIONS
SEPTATIONS (n=36) %
ABSENT 28 77.3
PRESENT 8 22.7
- FEW THIN SEPTATIONS 5 13.8
« MULTIPLE THICK SEPTATIONS 1 2.7
- ONE THICK SEPTATION 1 2.7
- THICK IRREGULAR SEPTATION 1 2.7

Among the 36 cystic and complex cystic lesions isidseptations were

absent in 77.3% and present in 22.7%.

GRAPH 10.1: TYPE OF SEPTATIONS- FREQUENCY DISTRIBION
OF CYSTIC LESIONS STUDIED
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GRAPH 10.2: SEPTATIONS-FREQUENCY DISTRIBUTION OF
CYSTIC LESIONS STUDIED

SEPTATIONS

ABSENT
PRESENT
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TABLE 12: DIFFUSION RESTRICTION- FREQUENCY DISTRIBUON

OF LESION STUDIED

DIFFUSION RESTRICTION

No. of Lesions

%

(n=58)
Absent 33 56.9
Present 25 43.1

Among the 58 lesions studied, 33 had absent restrdiffusion, and 25 had

restricted diffusion.

GRAPH 11: DIFFUSION RESTRICTION- FREQUENCY DISTRIBUDON
OF LESIONS STUDIED

DIFFUSION RESTRICTION

Absent

Present
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TABLE 13: ADC VALUES (x 10-3 MM2/SEC)- FREQUENCY

DISTRIBUTION OF LESIONS STUDIED

No. of Lesions
ADC VALUES (x 10-3 mm2/sec) %
(n=58)
Upto 1.0 7 12.1
1.0-2.0 13 22.4
2.1-3.0 22 37.9
3.1-4.0 16 27.6
Mean 2.36
S.D 0.99

Among the lesions studied, 37.9% had ADC valuegingnfrom 2.0 to 3.0,

and 27.6% had ADC values ranging from 3.1 to 4.0.

GRAPH 12: ADC VALUES (X 10-3 MM2/SEC)- FREQUENCY DISTRIBUUON

OF LESIONS STUDIED
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TABLE 14: FINAL DIAGNOSIS- FREQUENCY DISTRIBUTION ©
LESIONS STUDIED

No. of Lesions
Final Diagnosis %

(n=58)
BENIGN 36 63.8
MALIGNANT 22 36.2

Among the lesions studied, 22 lesions suspectednalignancy were

taken for histopathological correlation, and biopsyorts were obtained.

GRAPH 13: FINAL DIAGNOSIS- FREQUENCY DISTRIBUTION ELESIONS
STUDIED

Final Diagnosis

BENIGN MALIGNANT
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TABLE 15: ASSOCIATION OF MRI IMAGING VARIABLES WITH
FINAL DIAGNOSIS OF LESIONS STUDIED,

FINAL DIAGNOSIS
Total
Variables BENIGN [ MALIGNANT P Values
(n=58)
(n=36) (n=22)
SIZE <4CM 28(77.8%) 6(27.3%) 34(58.6%)) <0.001**
SIZE 4-8 CM 6(16.7%) 9(40.9%) 15(25.9%)0.082+
SIZE >8 CM 2(5.6%) 7(31.8%) 9(15.5%) 0.011*
SOLID LESION 0(0%) 21(95.5%) | 21(36.2%0%0.001**
CYSTIC LESION 33(91.7% 1(4.5%) 34(58.6%) <0.001**
COMPLEX CYSTIC
1(2.8%) 1(4.5%) 2(3.4%) 1.000
LESION
TiW
« HYPERINTENSE 1(2.8%) 2(9.1%) 3(5.2%) 0.550
« HYPOINTENSE 35(97.2%)  11(50%) 46(79.3%) <0.001**
« HYPOINTENSE TO
0(0%) 2(9.1%) 2(3.4%) 0.144
ISOINTENSE
+ ISOINTENSE 1(2.8%) 6(27.3%) 7(12.1%) 0.009*¢
T2W
« HYPERINTENSE | 34(94.4%) 7(31.8%) | 41(70.7%)<0.001**
« HYPOINTENSE 0(0%) 3(13.6%) 3(5.2%) 0.052+
« ISOINTENSE 0(0%) 5(22.7%) 5(8.6%) 0.006*%
« ISOINTENSE TO
1(2.8%) 6(27.3%) 7(12.1%) | 0.009**
HYPERINTENSE
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FINAL DIAGNOSIS

Total
Variables BENIGN |MALIGNANT P Values
(n=58)
(n=36) (n=22)
NECROTIC AREAS
. Absent 36(100%)| 12(54.5%) | 48(82.8%)
<0.001**
» Present 0(0%) 10(45.5%) | 10(17.2%)
SEPTATIONS
. Absent 28(77.8%) 22(100%) | 50(86.2%
0.019*
« Present 8(22.2%) 0(0%) 8(13.8%
« FEW THIN
5(13.9%) 0(0%) 5(8.6%)
SEPTATIONS
« MULTIPLE THIN
1(2.8%) 0(0%) 1(1.7%)
SEPTATIONS
« ONE THICK
1(2.8%) 0(0%) 1(1.7%)
SEPTATION
e THICK
IRREGULA 1(2.8%) 0(0%) 1(1.7%)
R
SEPTATION
DIFFUSION
RESTRICTION
. Absent 32(88.9%)  1(4.5%) | 33(56.9%
<0.001**
* Present 4(11.1%) 21(95.5%) | 25(43.1%)

Chi-Square Test/Fisher Exact Test
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GRAPHS 14.1: ASSOCIATION OF SIZE WITH FINAL DIAGNQS OF
LESIONS STUDIED,

BENIGN MALIGNANT
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GRAPHS 14.3: ASSOCIATION OF T2 SIGNAL INTENSITY WH
FINAL DIAGNOSIS OF LESIONS STUDIED,

BENIGN (n=36) MALIGNANT (n=-22)
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GRAPHS 14.5: ASSOCIATION OF SEPTATIONS WITH FINALIBGNOSIS
OF LESIONS STUDIED,
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GRAPHS 14.6: ASSOCIATION OF TYPEOF SEPTATIONS WITH FINAL
DIAGNOSIS OF LESIONS STUDIED,
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GRAPHS 14.7: ASSOCIATION OF DIFFUSION RESTRICTIONITH FINAL
DIAGNOSIS OF LESIONS STUDIED,

BENIGN (n=36) MALIGNANT (n=-22)

¥

<
(2
w
Q
<
'—
2
wi
(9]
o
w
a

DIFFUSION RESTRICTION

Page 57



Results

TABLE 16: ADC VALUES (X 10® MM?/SEC)- ABOUT THE FINAL
DIAGNOSIS OF PATIENTS STUDIED

] FINAL DIAGNOSIS ol
F O
ASUGZESHESIe BENIGN | MALIGNANT s
n=

mm2/sec) (n=36) (n=22) (n=58)
Upto 1.0 0(0%) 6(27.3%) 6(12.1%)
1.0-2.0 2(5.6%) 12(54.5%) | 14(22.4%
2.1-30 18(50%) 4(18.2%) 22(37.9%
3.1-4.0 16(44.4%) 0(0%) 16(27.6%
Mean + SD 3+0.6 1.32+0.53 2.36%1

P<0.001**, Significant, Student t Test

Among the benign and cystic lesions studied, 50%enign lesions had ADC

values between 2.0 and 3.0, while 44.4% of lesioaxd ADC values

between 3.0 and 4.0. 54.5 % of malignant lesiorts AAC values between

1.0 and 2.0, while 27.3% had ADC values less th@n 1

GRAPH 15: ADC VALUES (X 1¢ MM%SEC)- ABOUT THE FINAL
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TABLE 17: ADC VALUES (X 10° MM%SEC)- IN RELATION TO CLEAR
CELL RCC & NON-CLEAR CELL RCC OF PATIENTS STUDIED:

CLEAR CELL RCC & OTHER
RCC Total
ADC VALUES (X103 I AR CELL OTHER
TZEEE, RCC CELL RCC =22
(n=11) (n=11)
Up to 1.0 0(0%) 6(60.0%) 6(23.8%)
1.02.0 7(63.6%) 5(40.0%) 12(52.4%
2130 4(36.4%) 0(0%) 4(19%)
3.1-4.0 0(0%) 0(0%) 0(0%)
Mean = SD 1.73+0.42 0.90+0.29 1.32+0.35

P<0.001**, Significant, Student t Test
Among 22 malignant lesions studies, clear cell Rta@ a mean ADC value of 1.73 +

0.42, while non-clear cell carcinomas had mean AGRBAes of 0.90 + 0.29.
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GRAPH 16.1: RANGE OF ADC VALUES (X 1ODMM?%SEC)- IN RELATION TO
CLEAR CELL RCC & NON-CLEAR CELL RCC OF PATIENTS STRED:
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GRAPH 16.2: BOX AND WHISKER PLOT FOR A RANGE OF ADZALUES
(X 10° MM?SEC)- ABOUT CLEAR CELL RCC & NON-CLEAR CELL RCC
OF PATIENTS STUDIED:
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TABLE 18: ADC VALUES (X 10® MM#SEC)- ABOUT THE TYPE OF
CYSTIC LESIONS STUDIED,

AR Total
UALUE TYPE OF CYSTIC LESION (n=36)
Bosiak Bosniak Bosniak Bosniak Bosniak
3 osnial osni
S(x 10 el typell typellF | typelll | type|y
mm?2/sec) oyst oyst oyst oyst
cyst
Up to 1.0 0(0%) 0(0%) 0(0%) 0(0%) 0(0% 0(0%
1.0-2.0 0(0%) 0(0%) 0(0%) 0(0%) 0(0% 0(0%
2.1-3.0 8(32.0%) 4(50%) 0(0%) 1(50%)  1(100%)  13(B7
3.1-4.0 17(68.0%) 4(50%) 0(0%) 1(50% 000%) 21(26.7
Total 25(100%) | 8(100%) 0(0%) 2(100%)  1(100%) 360
Mean £ SD 3.06x0.64 2.97+0.1 3.22+0.33 2.11+0 | 2.72%0.07
2

F=12.497; p<0.001**; ANOVA TEST

ReferenceSilverman SG, Pedrosa |, Ellis JH, Hindman NM, 8dhiN, Smith
AD, et al. Bosniak classification of cystic renalsses, version 2019: An updated
proposal and needs assessment. Radiology. 2012P925-88. Available from:
http://dx.doi.org/10.1148/radiol.2019182646
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GRAPH 17.1: ADC VALUES (X 16§ MM%SEC)- ABOUT THE TYPE OF CYSTIC
LESIONS STUDIED,

ADC VALUES (x 10-3 mm2/sec)
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GRAPH 17.2: BOX AND WHISKER PLOT FOR A RANGE OF ADZALUES
(X 10° MM?#SEC)- ABOUT THE TYPE OF CYSTIC LESIONS STUDIED,

ADC VALUES (x 10 mm?/sec)
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TABLE 19: ADC VALUES (X 10° MM?SEC)- ABOUT THE TYPE
OF MALIGNANT LESIONS STUDIED

ADC TYPE OF MALIGNANT LESION

VALUES Papillary | Transitional
Clear | Chromophobe Wilms Total
(x 10-3 type cell
celRCC| typeRCC tumor

mm2/sec) RCC carcinoma
Upto 1.0 0(0%) 1(33.3%) 0(0%) 0(0%) 5(100%) 6(28)6
1.0-2.0 7(63.6%) 2(66.7%) 2(100%) 1(100%) 0(0%) 11(52.4%%)
2.1-3.0 4(36.4% 0(0%) 0(0%) 0(0%) 0(0%) 4(19%
3.1-4.0 0(0%) 0(0%) 0(0%) 0(0%) 0(0% 0(0%
Total 11(100%)  3(100%) 2(100%) 1(100%) 5(100%) 22(100pb)
Mean £ SD| 1.73£0.42 0.83+0.04 | 1.15+0.19 1.23+0.10 | 0.76+0.141.14+0.24

F=8.326; p=0.001**; ANOVA TEST
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GRAPH 18.1: ADC VALUES (X 10-3 MM2/SEC)- ABOUT MALIGNANT
LESIONS OF PATIENTS STUDIED,

ADC VALUES (x 103 mm?/sec)
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GRAPH 18.2: BOX AND WHISKER PLOT FOR A RANGE OF ADZALUES
(X 10° MM?/SEC)- ABOUT MALIGNANT LESIONS OF PATIENTS STUDIED
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DISCUSSION

This research is significant as it unveils novetlings on the diagnostic utility
of apparent diffusion coefficient (ADC) and diffosiweighted imaging (DWI) in
differentiating between renal masses. The poteiiglact on therapy choices and
patient care makes this a crucial area of investigaThe study's unique contribution
lies in its potential to enhance renal parenchynd#ease, infection, and
tumour diagnosis through comprehensive ADC measemerfy 10 11 13,351

The research underscores the practical implicamdraiffusion-weighted MR
imaging in diagnosing diffuse parenchymal abnortieali and focal lesions in
abdominal organs. The study by Yamamoto et*dlis particularly noteworthy, as
it revealed that malignant masses' apparent diffusioefficients (ADCs) were
significantly lower than those of benign massesiagchemangiomas and cysts in the
liver despite a slight overlap. This underscores plotential of diffusion-weighted
imaging in achieving high sensitivity and spectficiin distinguishing between
malignant and benign liver lesion¥.5®!

It has been discovered that ADCs and renal funcii@ncorrelated with one
another!t628621 A few recent investigations have demonstratedféasibility and
reliability of diffusion-weighted imaging in evaltiag renal function 2069
However, more research is needed to assess fatal measses. Few studies have
examined the use of diffusion-weighted imagingdssessing localised renal lesions,
despite the inclusion of renal lesions occasionahly studies examining the
methodology, efficacy, andusefulness of DWI in abdominal imaging in

general 861641 This highlights the need for further researclhis area.
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The majority of the participants in the study begjed to the age group of
50- 60 years (34.1%), followed by 60-70 years (2€.5The least number of
participants in the study belonged to the age graup0-20 and 20-30 years [each

2.3% respectively].
In the present study, males outnumbered femalefi¥6Imales & 38.6%

females). About one-fourth of the patients presknidgth no symptoms. The
remaining three-fourths of the patients (n=33) en¢ésd with varied symptoms like
abdominal pain, abdominal distension, hematuriaghtdoss, etc. The most common
presenting symptoms were abdominal pain (61.4%)hemdaturia (29.5%). The least
common symptoms were nausea and vomiting (each, 288pbectively). Symptoms
were observed primarily in patients with maligneather than benign lesions.

The study included 44 patients, with 58 lesionseoled. These lesions were
categorised into 36 cystic lesions (58.6%), 22 dsdésions (36.2%), and two
complex-cystic lesions (3.4%). Solid lesions undarihistopathological correlation,
while cystic lesions were either not intervenedotiowed up with imaging.

Most benign cystic lesions (77.8%) are less th@nce in size, whereas most
malignant lesions (72.7%) are usually larger th&ncan.

T1 hypointense and T2 hyperintense changes arents common imaging
findings among benign and malignant lesions. Theymore commonly seen with
benign cystic lesions (94.4% and 94.6% of casespedively) than with their
malignant counterparts, which denotes the cyatid fhature of the lesion.

While T2 hyperintense signal is the most commongimg finding with
malignant lesions (seen in 31.8% of cases), it liyswarrelates with the necrotic
areas within the lesion (45.5% of cases).

Out of 58 lesions under evaluation, restricted udifbn is absent in 33,
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with the most benign (88.9%). Restricted diffusiand low ADC values denote
increased cellularity within the lesion, which isea with 25 lesions. 95.5% of
the malignant lesions in our study showed evideoteestricted diffusion. 11.1
% of the benign cysts also showed evidence oficestr diffusion, which may
indicate hemorrhagic content within the lesion.

In the 22 patients who had surgical histopathologports, the tumours were
diagnosed as clear cell renal cell carcinoma (n1¥ papillary RCC (n = 2),
chromophobe RCC (n =3), transitional cell cancer (), and Wilms tumour (n = 5).
All clear cell RCCs were diagnosed as solid massesgross pathology. The
minimum ADC values used for statistical analysisraveisually obtained from
the more solid parts of these tumours.

We observed discrepancies in the ADC values betweerfindings of our
investigation and those of Sandrasegaran ét-aDur data fell into a broader range,
from 0.79 to 3.6 x 18 mm2/s, whereas Sandrasegaran and colleagues e@ert
range from 1.4 to almost 3.2 x #0mm?2/s. These differences are explained by
variances in the equipment utilised, which miglgutein discrepancies in the ADC
results. ADC readings can be affected by minuteodlfiow and magnetic field
defects, even though the actual diffusion processams constant regardless of the
magnetic field's intensity. As a result, ADC valuesd to be significantly lower, by
roughly 2-10%, when measured at higher magnetitd figtrengths like 3T
compared to 1.5 566l

Determining ADC values also depends on the chadi¢ewvalues. Lower ADC
readings are usually the result of higher b valimesre than 500 s/mm2), which are
more accurate in recording actual diffusion 8. Furthermore, Sandrasegaran

and colleagues employed minimum ADC values, simtiarour work, which
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concentrated on the minimum of the mean ADC measenés.

Focusing on minimum ADC measurements makes us nhi&edy to
capture the most densely cellular areas within wifioStudies on brain tumours
support this approack’:6568661 Because we used minimum ADC measurements,
we didn't need to distinguish between entirely dsalimours and those with some
necrotic (dead tissue) areas. Our measurementsexpteitly taken from the solid
parts of the tumour, simplifying the process.

Few findings of our investigation are consisterttwthose of Sandrasegaran et
al., demonstrating that benign cystic lesions tgibychave greater ADCs (2.72 + 0.78
x 10 mm?/s) than malignant ones (1.32 + 0.5 =310m2/s). Studies on liver lesions
have also reported this associati®f 8. Furthermore, we discovered that
complex benign cysts show less diffusion than semgysts when they contain
more blood or proteirf®l. Diffusion may be reducedin complicated cysts due

to more giant molecules or cellular debris obstructing diféusion process.

Numerous discussions have been held in the neucaloliterature on the
application of DWI in assessing tumour grade. Masn-clear cell renal cell
carcinomas (RCCs) in our study were of the papillar chromophobe histologic
subtypes, which often have a better prognosis ttlaar cell RCCs. ADCs of
non-clear cell RCCs were shown to tend to be 1e880 *+ 0.3 x 1& mm2/s)
than those of clear cell RCCs. On the other hant}, dear cell RCCs showed an
ADC value of less than 1.73 + 0.42 x3tm2/s.

The study's findings are noteworthy, implying thexal lesions with different
tissue compositions have variable diffusion prapertThe potential of diffusion-
weighted imaging (DWI) in characterising renal ¢tes is highlighted by the

decreased apparent diffusion coefficients (ADCgored in solid tumour tissue
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relative to necrotic or cystic tumour tissue, wetren lower ADCs in benign cysts.

The link between the properties of the ADC and Tignals further
complicates lesion distinction. It seems sensilde speculate that blood or
proteinaceous materials may affect the strengttithef T1 signal; this has been
observed in other situations, such as brain hadmge °7% Hemorrhagic
products dynamically evolve in the brain over timéyich may be similar to how
chronic haemorrhage affects ADC values for rersibles.

This is because the hemorrhagic product in thenlraperiences a progressive
change in chemical composition over time. If a kighesion is present, there's a
chance that the bleeding is primarily chronic a& itthaging time, which might mean
that it only affects ADC values in one directiorerign cysts may be distinguished
from necrotic or cystic tumours with a bit of ovaglin ADCs when both ADC values

and T1 characteristics are considered.
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Conclusion

CONCLUSION

. DWI MRI of the kidney appears to be a viable and accurate approach for
distinguishing between normal renal parenchyma and various renal disorders.

. DWI ismost helpful for patients for whom gadolinium is contraindicated.

. It gives quantitative data regarding diffusivity together with diagnostic-quality
DWI pictures.

. DWI can differentiate cystic benign lesions from cystic renal cell carcinoma,
making it a valuable tool in evaluating renal masses.

. DWI aids in the differentiation of various subgroups of renal cell carcinoma and
helps in categorising renal cell carcinomas compared to other non-rena cell
carcinomas.

. ADC maps with b values of 0 and 800 Ymm2 can be used as an imaging
biomarker in the histological subtyping of renal cell carcinoma.

. The ADC of akidney lesion appears to correlate with its T1 signal.
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Summary

SUMMARY

This study was a one-year hospital-based obsenadt&iudy.
44 patients were included in the study by the isidn and exclusion criteria.
DWI sequence was included in all these MRI abdons&mdies along with
conventional MR sequences.
The study aimed to understand the use and appinsatof DWI in evaluating
renal masses using ADC values and to narrow therdiftial diagnosis, which
helps to interpret the final diagnosis.
Diffusion-weighted imaging is based on the movemehtvater molecules and
provides information about tissue architecture antkgrity. It assists early
metastasis detection, evaluates therapy respomse digtinguishes benign from
malignant tumours in cancer imaging.
58 lesions were included in the study, of whichl@&ons proved malignant by
histopathological evaluation, while the rest weeaign cystic lesions.
Benign cystic lesions were categorised by the Basolassification system 2019.
Benign cystic lesions of various categories hawghési ADC values with a mean
of 2.72 + 0.78 x 16 mmz/s (Mean + SD).
Malignant lesions are clear cell RCC, chromophofgee tRCC, papillary type
RCC, transitional cell carcinoma, and Wilms tumour.
Malignant lesions had varied ADC values, with cleatl renal cell carcinoma
(ccRCC) having ADC values (1.73 + 0.42 x3Mm2/s) higher than non-clear cell
renal cell carcinoma (0.90 + 0.29 x~#Gnm2/s), which helps in diagnosis and
treatment.

» Lowest ADC values are noted with Wilms tumour wéthmean of 0.76 + 0.14 x

103 mma2/s
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Limitations

LIMITATIONS

Acknowledging the limitations of our study is essential for understanding the scope

and potential implications of our findings.

1. Our anaysis was limited to individuals with histopathologicaly verified
results, leading to a small patient sample. This calls for further studies with
larger patient populations and a broader range of tumour types. Confirming our
preliminary findings in a more diverse cohort would strengthen the validity
and applicability of our conclusions, potentially leading to advancements in
the characterisation and management of renal lesions.

2. In unstable patients and patients with claustrophobia, the quality of the images
was poor.

3. An MRI of the abdomen is an expensive investigation compared to CT.

4. A contrast study was not done aong with DWI, which would have further
improved the characterisation of the lesion.

5. A prolonged period of stability on imaging tests could not confirm the

diagnosis of abenign lesion.

Page 73



Bibliography

BIBLIOGRAPHY

. Maria Assunta Cova, Ettore Squillaci, Fulvio Stagauglielmo Manenti, Gava S,
Simonetti G, et al. Diffusion-weighted MRI in thesaduation of renal lesions:
preliminary results. British Journal of Radiolo@p04 Oct 1,;77(922):851-7.

. Bosniak MA. The current radiological approach toalecysts. Radiology 1986
Jan 1;158(1):1-10.

. Silverman SG, Pedrosa |, Ellis JH, Hindman NM, 8dhi N, Smith AD, et al.

Bosniak Classification of Cystic Renal Masses, \W#rs2019: An Update
Proposal and Needs Assessment. Radiology. 20128R():475-88.

. Mirka H, Korcakova E, Kastner J, Hora M, Hes O, &lo$, et al. Diffusion-

weighted Imaging Using 3.0 T MRI as a Possible Bidwer of Renal Tumors.
Anticancer Research. 2015 Apr 1;35(4):2351-7.

. Zhang J, Yousef Mazaheri Tehrani, Wang L, IshillS¢hwartz L, Hedvig Hricak.
Renal Masses: Characterization with Diffusion-wéggh MR Imaging—A

Preliminary Experience. Radiology. 2008 May 1;23A28—-64.

. Kumaresan Sandrasegaran, Sundaram CP, RamaswaRatilR Akisik, Rydberg

MP, Lin C, et al. The usefulness of Diffusion-Weigdh Imaging in the Evaluation
of Renal Masses. American Journal of Roentgenol@W.0 Feb 1;194(2):438—
45,

. Suresh de Silva, Lockhart K, Aslan P, Nash PA, étuth, Malouf D, et al. The
diagnostic utility of diffusion-weighted MRI imagin and ADC ratio to

distinguish benign from malignant renal massestirgprthe kittens from the

tigers. BMC Urology. 2021 Apr 22;21(1).

Page 74



Bibliography

8. Bachir Taouli, Thakur R, Di L, Babb JS, Soo Rin Kikiecht EM, et al. Renal
Lesions: Characterization with Diffusion-weightedndging versus Contrast-
enhanced MR Imaging. 2009 May 1;251(2):398-407.

9. Israel GM, Hindman N, Bosniak MA. Evaluation of @gsRenal Masses:
Comparison of CT and MR Imaging by Using the Bokridassification System.
Radiology. 2004 May;231(2):365—71.

10.Carbone SF, Gaggioli E, Ricci V, Mazzei F, MazzeAWolterrani L. Diffusion-
weighted magnetic resonance imaging in the evaloatf renal function: A
preliminary study. La radiologia medica. 2007 D&&,B):1201-10.

11.Thoeny HC, Frederik De Keyzer, Oyen R, Peeters Ru$on-weighted MR
Imaging of Kidneys in Healthy Volunteers and Paserwith Parenchymal
Diseases: Initial Experience. 2005 Jun 1;235(3}:911

12.Nicolau C, Antunes N, Pafio B, Sebastia C. Imagimgr@cterization of Renal
Masses. Medicina. 2021 Jan 8;57(1):51.

13.Squillaci E, Manenti G, Cova M, Di Roma M, Miano Ralmieri G, et al.
Correlation of diffusion-weighted MR imaging witteltularity of renal tumours.
Anticancer Research. 2004 [cited 2024 Jun 3];24{6)5-9.

14.Sasaki M, YamadaK, WatanabeY, Matsui M, lda M, Fujiwara S, et al.
Variability in Absolute Apparent Diffusion Coeffient Values across Different
Platforms May Be Substantial: A Multivendor, Multistitutional Comparison
Study. Radiology. 2008 Nov 1;249(2):624-30.

15. Tomohiro Namimoto, Yamashita Y, Katsuhiko MitsuzaMakayama Y, Tang Y,
Takahashi M. Measurement of the apparent diffusioefficient in diffuse renal
disease by diffusion-weighted echo-planar MR imggidournal of Magnetic

Resonance Imaging. 1999 Jun 1;9(6):832-7.

Page 75



Bibliography

16.Muller MF, Prasad PV, D Bimmler, Kaiser A, EdelmBRR. Functional imaging
of the kidney by means of measurement of the appadéfusion coefficient.
Radiology. 1994 Dec 1;193(3):711-5.

17.Siegel CL, Aisen AM, Ellis JH, Londy F, Chenevelt. Feasibility of MR diffusion
studies in the kidney. Journal of magnetic resoeamaging: JMRI [Internet]. 1995
[cited 2024 Jun 3];5(5):617-20.

18.Basic principles of diffusion-weighted imaging. Bpean Journal of Radiology.
2003 Mar 1;45(3):169-84.

19.Backens M. [Basic principles and technique of diifuin-weighted imaging and
diffusion tensor imaging]. Der Radiologe. 2015 3¢§6(9):762—70.

20.Malayeri AA, El Khouli RH, Zaheer A, Jacobs MA, @oa-Villalobos CP,
Kamel IR, et al. Principles and Applications of fD&ion-weighted Imaging in
Cancer Detection, Staging, and Treatment Follow-RadioGraphics. 2011
Oct;31(6):1773-91.

21.Cercignani M, Horsfield MA. The physical basis oiffusion-weighted MRI.
Journal of the Neurological Sciences [Internet]0RP(May 1 [cited 2024 Jan
8];186: S11-4.

22.Mytsyk Y, Dutka I, Yuriy B, Maksymovych |, Caprndd, Gazdikova K, et al.
Differential diagnosis of the small renal massede rof the apparent diffusion
coefficient of the diffusion-weighted MRI. Int Urdephrol. 2018;50(2):197-204.

23.Akin 1B, Altay C, Guler E,Camlidgz I, Harman M, Danaci M, et al.
Discrimination of oncocytoma and chromophobe ree#licarcinoma using MRI.
Diagn Interv Radiol. 2019; 25:5-13.

24.Shen L, Zhou L, Liu X, Yang X. Comparison of biexgmtial and monoexponential

DWI in evaluation of Fuhrman grading of clear aglfcinoma. Diagn Interv Radiol.

Page 76



Bibliography

2017; 23:100-5.

25.Hotker AM, Mazaheni Y, Wibmer A, Zheng J, Moskowi(t5s, Tickoo SK, et al.
Use of DWI in the differentiation of renal corticabmours. AJR Am J
Roentgenol. 2016; 206:100-5.

26.Bernard Rosner (2000), Fundamentals of Biostasisbth Edition, Duxbury, page
80-240

27.Lassel EA, Rao R, Schwenke C, Schenberg SO, Migh#&l Diffusion weighted
imaging of focal renal lesions: a meta-analysigs. Badiol. 2014; 24:241-9.

28.Muller MF, Prasad PV, Bimmler D, Kaiser A, EdelmBR. Functional imaging
of the kidney by means of measurement of the appatifusion coefficient.
Radiology 1994; 193:711-5.

29.Sun MR, Ngo L, Genega EM, et al. Renal cell cantiapo dynamic contrast-
enhanced MR imaging for differentiation of tumorbsypes—correlation with
pathologic findings. Radiology 2009; 250:793-802

30. Ruppert-Kohlmayr AJ, Uggowitzer M, Meissnitzer Tupgpert G. Differentiation
of renal clear cell carcinoma and renal papillaaycmoma using quantitative CT
enhancement parameters. AJR 2004; 183:1387-1391

31.Xu Y, Wang X, Jiang X. Relationship between theateapparent diffusion
coefficient and glomerular filtration rate: prelimary experience. J Magn Reson
Imaging 2007; 26:678-681

32.Yildirim E, Gullu H, Caliskan M, Karadeli E, Kirba§ Muderrisoglu H. The
effect of hypertension on the apparent diffusioreficient values of kidneys.
Diagn Interv Radiol 2008; 14:9-13

33.Verswijvel G, Vandecaveye V, Gelin G, et al. Difius weighted MR imaging in

the evaluation of renal infection: preliminary resuJBR-BTR 2002; 85:100-103

Page 77



Bibliography

34.Chan JH, Tsui EY, Luk SH, et al. MR diffusion welgt imaging of kidney:
differentiation between hydronephrosis and pyonegikr Clin Imaging 2001,
25:110-113

35.Nicolau, C.; Aldecoa, I.; Bunesch, L.; Mallofre, Sebastia, C. The Role of Contrast
Agents in the Diagnosis of Renal Diseases. CuwblPDiagn. Radiol. 2015, 44,
346-359.

36.Kang, S.K.; Huang, W.C.; Pandharipande, P.V.; Cheamta, H. Solid renal
masses: What the numbers tell us. AJR Am. J. Reeotg 2014, 202, 1196—
1206.

37.Sasaguri, K.; Takahashi, N. CT and MR imaging falids renal mass
characterization. Eur. J. Radiol. 2018, 99, 40-54.

38.Lassel, E.A.; Rao, R.; Schwenke, C.; Schoenbefg,; $4ichaely, H.J. Diffusion-
weighted imaging of focal renal lesions: A metalgsia. Eur. Radiol. 2014, 24,
241-249.

39.Zhong, J.; Cao, F.; Guan, X.; Chen, J.; Ding, zhadg, M. Renal cyst masses
(Bosniak category lI-1ll) may be over evaluatedivy Bosniak criteria based on MR
findings. Medicine 2017, 96, e9361.

40.Inci, E.; Hocaoglu, E.; Aydin, S.; Cimilli, T. Difision-weighted magnetic
resonance imaging in evaluation of primary solidl aystic renal masses using
the Bosniak classification. Eur. J. Radiol. 2012, 815-820.

41.Balyemez, F.; Aslan, A.; Inan, |.; Ayaz, E.; Karag¥.; Ozkanli, S. S.; Acar, M.
Diffusion-weighted magnetic resonance imaging isticyrenal masses. Can. Urol
Assoc. J. 2017, 11, E8-E14.

42.Wang, H.; Cheng, L.; Zhang, X.; Wang, D.; Guo, a0, Y.; Ye, H. Renal cell

carcinoma: Diffusion-weighted MR imaging for subtygifferentiation at 3.0 T.

Page 78



Bibliography

Radiology 2010, 257, 135-143.

43.Kay, F.U.; Pedrosa, |. Imaging of Solid Renal Masgérol. Clin. N. Am. 2018,
45, 311-330.

44.Le Bihan D, Turner R, Douek P, et al. Diffusion Miaging: clinical
applications. Am J Roentgenol 1992; 159:591-599.

45.Rosenkrantz AB, Oei M, Babb JS, et al. Diffusionigi®ed imaging of the abdomen
at 3.0 Tesla: image quality and apparent diffuscefficient reproducibility
compared with 1.5 Tesla. J Magn Reson Imaging 2831,28— 135.

46.Bilgili MYK. Reproducibility of apparent diffusiorcoefficient measurements in
diffusion-weighted MRI of the abdomen with diffeteb values. Eur J Radiol
2012;81: 2066—2068.

47.Maruyama M, Yoshizako T, Uchida K, et al. Compamigd utility of tumor size
and apparent diffusion coefficient for differenimat of low- and high-grade clear-
cell renal cell carcinoma. Acta Radiol 2015;56: 2586.

48.Goyal A, Sharma R, Bhalla AS, et al. Pseudotumaurshronic kidney disease:
can diffusion-weighted MRI rule out malignancy. EurRadiol 2013; 82:1870-
1876.

49.SManenti G, Di Roma M, Mancino S, et al. Malignamnal neoplasms:
correlation between ADC values and cellularity iffusion weighted magnetic
resonance imaging at 3 T. Radiol Med (Torino) 2008;199-213.

50.Manenti G, Di Roma M, Mancino S, et al. Malignaehal neoplasms: correlation
between ADC values and cellularity in diffusion gleied magnetic resonance
imaging at 3 T. Radiol Med (Torino) 2008;113:199321

51.Akita H, Jinzaki M, Akita A, et al. Renal cell camoma in patients with acquired

cystic disease of the kidney: assessment usingnabication of T2-weighted,

Page 79



Bibliography

diffusion- weighted, and chemical-shift MRI withotlte use of contrast material.
J Magn Reson Imaging 2014;39: 924-930.

52.Sasamori H, Saiki M, Suyama J, et al. Utility opapent diffusion coefficients in
the evaluation of solid renal tumors at 3T. MagsdteMed Sci 2014;13:89-95.

53.Agnello F, Roy C, Bazille G, et al. Small solid aémasses: Characterization by
diffusion-weighted MRI at 3 T. Clin Radiol 2013;881-308

54.Namimoto T, Yamashita Y, Sumi S, Tang Y, TakahddhiFocal liver masses:
characterization with diffusion-weighted echo-plarfdR imaging. Radiology
1997; 204:739-744.

55.Bernard Rosner (2000), Fundamentals of Biostasisbth Edition, Duxbury, page
80-240

56.Taouli B, Vilgrain V, Dumont E, Daire JL, Fan B, ke Y. Evaluation of liver
diffusion isotropy and characterization of focalphgc lesions with two single-
shot echo-planar MR imaging sequences: a prosgediudy in 66 patients.
Radiology 2003;226: 71-78.

57.Kim T, Murakami T, Takahashi S, Hori M, Tsuda K, Kdahura H. Diffusion-
weighted single-shot echoplanar MR imaging for rdivdisease. AJR Am J
Roentgenol 1999;173: 393-398.

58.Namimoto T, Yamashita Y, Mitsuzaki K, Nakayama Yang Y, Takahashi M.
Measurement of the apparent diffusion coefficiemtdiffuse renal disease by
diffusion-weighted echo-planar MR imaging. J MagesBn Imaging 1999; 9:832—
837.

59.Sureka B, Mittal M. Solid renal masses in adultslian Journal of Radiology and
Imaging. 2016;26(4):429.

60.Murtz P, Flacke S, Traber F, van den Brink JS, €kesJ, Schild HH. Abdomen:

Page 80



Bibliography

Diffusion-weighted MR Imaging with Pulse-triggereSingle-Shot Sequences.
Radiology. 2002 Jul;224(1):258-64.

61.Choy B, Nayar R, Lin X. Role of renal mass biopsyr fdiagnosis and
management. Review of current trends and futureecdons. Cancer
Cytopathology. 2023 Mar 27;

62.Thoeny HC, Zumstein D, Simafioula S, Eisenberger U, Frederik De Keyzer,
Hofmann L, et al. Functional Evaluation of Transyéal Kidneys with Diffusion-
weighted and BOLD MR Imaging: Initial Experienceadilogy. 2006 Dec
1;241(3):812-21.

63.Agnihotri S, Kumar J, Jain M, Kapoor R, MandhanRenal cell carcinoma in India
demonstrates early age of onset & a late stageeskptation. The Indian journal of
medical research 2014; 140(5):624-9.

64.Yoshikawa T, Kawamitsu H, Mitchell DG, Ohno Y, Ku, Beo Y, et al. ADC
Measurement of Abdominal Organs and Lesions UsiragalRel Imaging
Technique. American Journal of Roentgenology. 2086;187(6):1521-30.

65.Lee E, Seon Hwa Lee, Ronit Agid, Bae J, Keller &Brugge KG. Preoperative
Grading of Presumptive Low-Grade Astrocytomas on Miaging: Diagnostic
Value of Minimum Apparent Diffusion Coefficient. Agnican Journal of
Neuroradiology. 2008 Nov 1;29(10):1872-7

66.Murakami R, Hirai T, Kitajima M, Fukuoka H, Toya RJakamura H, etal.
Magnetic resonance imaging of pilocytic astrocytemaisefulness of the
minimum apparent diffusion coefficient (adc) valioe differentiation from high-
grade gliomas. Acta radiologica. 2008 May 1,;49(@2-47.

67.Huisman, T.A.G.M., Loenneker, T., Barta, &.al. Quantitative diffusion tensor

MR imaging of the brain: field strength related imace of apparent diffusion

Page 81



Bibliography

coefficient (ADC) and fractional anisotropy (FA)adars.Eur Radiol 16, 1651—
1658 (2006).

68.Kitis O, Altay H, Calli C, Yunten N, Akalin T, Yuseven T. Minimum apparent
diffusion coefficients in the evaluation of braionmtors. European Journal of
Radiology. 2005 Sep;55(3):393—-400.

69. Hiwatashi A, Kinoshita T, Moritani T, Wang HZ, SéariDA, Numaguchi Y, etal.
Hypointensity on Diffusion-Weighted MRI of the BraRelated to T2 Shortening
and Susceptibility Effects. American Journal of Rgenology. 2003
Dec;181(6):1705-9.

70.Atlas SW, DuBois P, Singer MB, Lu D. Diffusion measments in intracranial
hematomas: implications for MR imaging of acuteolstr AJNR Am J

Neuroradiol. 2000 Aug;21(7):1190-4. PMID: 109542BRCID: PMC8174893.

71.Pallagani L, Choudhary GR, Himanshu P, Madduri VE&igh M, Gupta P, etal.
Epidemiology and Clinicopathological Profile of RénCell Carcinoma: A
Review from Tertiary Care Referral Centre. Jourofakidney cancer and VHL

[Internet]. 2021 [cited 2022 Dec 22];8(1):1-6.

Page 82



Annexures

ANNEXURES - |

ANNEXURE - I -CONSENT FORM

TITLE OF THE STUDY: “ROLE OF DIFFUSION-WEIGHTED MAG NETIC
RESONANCE IMAGING IN THE EVALUATION OF RENAL MASSES : ONE
YEAR HOSPITAL BASED OBSERVATIONAL STUDY”

NAME OF STUDENT/PRINCIPAL INVESTIGATOR: REG NO. BS0 121002
OBJECTIVE: The study aims to assess the value of Diffusion-Weighted
Magnetic Resonance Imaging in differentiating among the various subgroups of

renal masses.

INTRODUCTION: Diffusion-weighted Weighted Imaging holds great potential
for abdominal imaging, in particular for focal lesion detection, characterisation,
and the evaluation of diffuse parenchymal diseases.

The study aids in early detection and differentiation of renal masses

through a noninvasive MRI DWI sequence.

EXPLANATION OF PROCEDURE: | request you to kindly participate in the
study titled study “ROLE OF DIFFUSION-WEIGHTED MAGNETIC
RESONANCE IMAGING IN THE EVALUATION OF RENAL MASSES
ONE YEAR HOSPITAL BASED OBSERVATIONAL STUDY” at Dr
Prabhakar Kore Hospital and Medical Research Centre, Belagavi is being
conducted by REG NO. BS0121002, Postgraduate in Radio diagnosis at J.N.

Medical College, Belagavi, Karnataka, under the guidance of "

Dept. of Radio-diagnosis, J. N. Medical College, Belagavi.
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We request you to participate in this study as you are eligible to be included.
During the survey, you will be asked questions regarding your present and past
medical history and required to answer to the best of your knowledge. You will
also be clinically examined as per the protocol drawn.

If you agree to participate in the study, please furnish the details about the study.

BENEFITS: No use of surgical equipment /risk associated with it.

ALTERNATIVES: If you are not willing to take part in the study, your treatment
or any other further investigations the patient wants to undergo, in the future, in

KLE will not be affected by your decision.

WITHDRAWAL FROM PARTICIPATION IN THE STUDY: Participation in
this study is voluntary. You can decide whether to participate in this study or
continue participation once enrolled. In case you decide to withdraw your
participation, you are free to do so. However, please convey the decision to the

principal investigator.

POSSIBLE BENEFITS FROM PARTICIPATING IN THE STUDY: You
will/will not have nor get any benefits by participating in this study. The data

gathered will help the population at large.

POSSIBLE RISKS FROM PARTICIPATING IN THE STUDY: There are no

risks involved in participating in this study.

PRIVACY AND CONFIDENTIALITY: The information collected from you will

be coded to prevent any person from identifying you. Your identity will never be
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revealed. The data collected from you will be kept confidential, and only processed

or aggregated data will be used for publication.

COSTS: NIL (The study is to be conducted on the participants who are advised for
MRI as an investigation by the referring consultant and the participants will not

bear the charges for it).

FINANCIAL INCENTIVES: You will not receive any payment for participating

in this study.

AUTHORISATION FOR PUBLICATION OF AGGREGATED DATA: Results
obtained after processing of the aggregated data will be published for scientific
purposes and or presented to scientific groups. However, your identity will never

be reveal ed.

QUESTIONS: In case of any questions about this study, you are free to contact:

REG NO. BS0121002 DR. DR.HARSHA HEGDE,
Post-Graduate, Guide, CHAIRPERSON,
Department of Professor, Department of JINMC,IEC& SCIENTIST D,
Radio-Diagnosis. Radio-Diagnosis ICMR, NATIONAL INSTITUTE
J.N. Medical College, J.N. Medical College, OF TRADITIONAL MEDICINE,
Belagavi Belagavi BELAGAVI

LEGAL RIGHTS: By signing this consent form, we are not waiving any of your

legal rights.
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CONSENT STATEMENT

| am making a voluntary decision to participate in the study “ROLE OF
DIFFUSION-WEIGHTED MAGNETIC RESONANCE IMAGING IN TH E
EVALUATION OF RENAL MASSES: ONE YEAR HOSPITAL BASED
OBSERVATIONAL STUDY”. My signature below indicates that | have decided
to participate, and | have read the information provided above, or the
information provided above has been read to me in the language that |
understand best. | was given the opportunity to ask questions, which were

answered to my satisfaction.

Name of the participant:

A signature or left thumb impression of the participant:

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:

Page 86



Annexures

ANNEXURE - II - PROFORMA

ROLE OF DIFFUSION-WEIGHTED MAGNETIC RESONANCE IMAGI NG IN

THE EVALUATION OF RENAL MASSES: ONE YEAR HOSPITAL-B _ASED

OBSERVATIONAL STUDY

Patient identification number:

Name:

Age

Sex:

Occupation:

Referred by: Self/ Physician

Address:

Contact number:
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Presenting complaints:

Symptoms

Present | Absent| If present, then thLe
Duration of the iliness

Abdominal pain

Abdominal distension

Fever

Nausea

Vomiting

Hematuria

Burning micturition

Urinary incontinence

L oss of appetite

History of weight loss

Lower limb swelling

Past medical history:

Hypertension[ ]
disease

Diabetes [ | Asthma [__] Ischemic[ ]}

HioTB[_] H/oAllergies[ | (please specify):-

Past surgical history:

Menstrual history:

Family history:
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MRI findings:

Kidney affected: ~ Right[ ]

Solid: Right side [ ] Cystic:Right side

Complex-cystic: Right side I:l

Left [ ]

Nature of lesion(mention number of lesionsin box):

[]

Left side [_] Leftside []

Lesion under evaluation:

Bot ]

Leftside []

CATEGORY FINDINGS
T1W:

ON ROUTINE MRI SEQUENCES
T2W:

ON DWI:
» DIFFUSION RESTIRCTION

» ADC VALUE:

MISCELLANEOUS
(if anything, please specify)
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Lesion under evaluation:

CATEGORY FINDINGS
T1W:
ON ROUTINE MRI SEQUENCES
T2W:
ON DWI:
> DIFFUSION RESTIRCTION
» ADC VALUE:
MISCELLANEOUS
(if anything, please specify)
Lesion under evaluation:
CATEGORY FINDINGS
T1W:
ON ROUTINE MRI SEQUENCES
T2W:

ON DWI:
> DIFFUSION RESTIRCTION

» ADC VALUE:

MISCELLANEOUS
(if anything, please specify)
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ANNEXURE - Il - PHOTOGRAPHS

PHOTOGRAPH OF CASES

Case 1: A 72-year-old female with complaints of alminal pain for the past two
months.

A well-defined T2 isointense exophytic solid mass lesion with a few tiny cystic areas,
measuring 3.0 (AP) x 2.4 (ML) x 2.3 (CC) cm, is present in the upper pole of the right
kidney and shows restricted diffusion on the DWI sequence. HPR showed features of

clear cell renal cdll carcinoma

T2W axial B T2W coronal

Page 91



Annexures

Case 2: A 56-year-old male with complaints of abdomal pain, haematuria, loss of
appetite and weight for four months.

The left kidney shows a moderate degree of dilatation of the pelvicalyceal system due to
a well-defined T2 hypointense solid mass lesion measuring 7.5 x 4.7 cm in the
pelvicalycea system, which shows restricted diffusion on the DWI sequence. HPR

suggests features of transitional cell carcinoma

T2W coronal T2W axial
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Case 3: A 75-year-old male with complaints of abdomal pain, haematuria, loss of
appetite and weight for six months.

A large, well-defined T2 isointense exophytic solid mass lesion with internal

hyperintensities measuring 9.1 (AP) x 8.3 (ML) x 8.3 (CC) cm involving the lower pole
of the left kidney shows restricted diffusion on the DWI sequence. HPR suggests

features of chromophobe-type rena cell carcinoma.

T2W coronal - B T2W axial
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Case 4. A 53-year-old male with complaints of abdomal pain, haematuria,
urinary incontinence, loss of appetite and weightdr four months.
A well-defined T2 hypointense solid mass lesion measuring 4.5 (AP) x 3.6 (ML) x
3.1 (CC) cm in the mid-pole of the right kidney shows restricted diffusion on the DWI

sequence. HPR suggests features of papillary-type rena cell carcinoma.

T2W axid

T2W coronal |
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Case 5: A 53-year-old male with complaints of abdomal pain, haematuria,
urinary incontinence, loss of appetite and weightdr four months.
A large ill-defined exophytic T2 hyperintense solid mass lesion with internal
areas of necrosis & haemorrhage measuring 12.5 (AP) x 11.2 (ML) x 15.7 (CC)
cm noted arising from the upper pole of the right kidney shows areas of restricted

diffusion on the DWI sequence. HPR suggests features of Wilms tumour.

T2W coronal

&
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Case 6: A 62-year-old male patient complained of h@aturia, burning micturition
and urinary incontinence for the past month.
Large well-defined thin-walled cystic lesion with few internal septations and one thick
internal septation noted in the lower pole of the right kidney, measuring 7.1 (AP) x 7.8
(ML) x 8.6 (CC) cm with no evidence of restricted diffusion on the DWI sequence.

Features suggestive of Bosniak type 11 cyst.

- T2W coronal i T2W axia
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ANNEXURE - IV — KEY TO MASTERCHART

MALE M

FEMALE F

Abdominal pain 1
Abdominal distension 2
Fever 3
Nausea 4
Vomiting 5
Hematuria 6
Burning micturition 7
Urinary incontinence 8
Loss of appetite 9
History of weight loss 10
Lower limb swelling 11

PRESENT P
ABSENT A
RIGHT SIDE R
LEFT SIDE L
BOTH B
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YES Y

NO N

HYPOINTENSE HYPO
HYPERINTENSE HYPER
ISOINTENSE ISO
HYPOINTENSE TO ISOINTENSE HI
ISOINTENSE TO HYPERINTENSE IH
DIFFUSION RESTRICTION DR
ADC VALUES (x 10 mm?/sec) ADC
FEW THIN SEPTATIONS FTS
MULTIPLE THIN SEPTATIONS MTS
ONE THICK SEPTATION OTS
THICK IRREGULAR SEPTATION TIS
BOSNIAK TYPE | CYST B.l
BOSNIAK TYPE Il CYST B.lI
BOSNIAK TYPE lIF CYST B.lIF
BOSNIAK TYPE Il CYST B.lII
BOSNIAK TYPE IV CYST B.IV
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Clear cell RCC ccRCC

Chromophobe Type RCC chRCC
Papillary Type RCC pRCC
Transitional cell carcinoma TCC
Wilms tumour Wilms
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Master Chart
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1 72 1 P R 1 Y Y HYPO 1SO P A P 2.325 ccRCC
2 46 1,6,7,9, 10 P 2 Y Y HYPER IH P A P 1.429 ccRCC
3 51 1,7 P 3 Y Y HYPO HYPER A A A 2.546 B.I
4 Y HYPO HYPER A A A 3.001 B.I
5 Y Y HYPO HYPER A A A 2.952 B.I
4 73 nil 6 Y Y HYPO HYPER A A A 3.087 B.I
7 Y Y HYPO HYPER A A A 2.613 B.I
8 Y Y HYPO HYPER A A A 2.978 B.I
5 62 76,8 9 Y HYPO HYPER A oTS A 3.457 B.II
6 56 1,6,7910 10 HYPO HY PO A A P 1.226 TCC
7 23 1,9 11 Y Y HYPO HYPER A FTS A 3.017 B.II
12 Y 1SO HYPER A A P 2.105 B.IV
8 51 1,7 13 Y HYPO HYPER A A P 2.487 B.I
9 43 1,6,7,9, 10 14 HI IH P A P 2.199 ccRCC
10 58 nil 15 HYPO HYPER A A A 3.476 B.I
16 HYPO HYPER A A A 3.241 B.I
11 65 1,6 17 1SO IH P A P 2.107 ccRCC
18 Y HYPO HYPER A A A 3.792 B.I
12 38 F |56 19 Y 1SO 1SO A A P 2125 ccRCC
13 69 M |1 P L 20 Y HYPO HYPER A A A 2.977 B.I
14 53 M |1,6,8,9 10 P B 21 HYPO HYPO A A P 1192 pRCC
22 Y HYPO HYPER A A A 3.312 B.I
15 40 F  |1,7.8 P L 23 Y HYPER HYPO A A A 1.075 chRCC
16 59 F|nil P L 24 Y HYPO HYPER A A A 3.025 B.I
17 58 M |nil P R 25 Y HYPO HYPER A A A 3.089 B.I
18 75 M |1,6,9,10 P L 26 1SO IH A A P 1.031 chRCC
19 56 SE P R 27 Y HYPO HYPER A A A 2.933 B.I
20 49 M |1,6,709, 10 P L 28 HYPO IH P A P 1.638 ccRCC
29 Y 1SO 1SO P A P 1.465 ccRCC
21 55 F |45 P L 30 Y HYPO HYPER A FTS A 2.882 B.II
22 64 F  |1,6,7 10 P B 31 HYPO HYPER P A P 1.587 ccRCC
32 Y HYPO HYPER A A A 2.887 B.I
23 37 F 67,910 A R 33 Y 1SO 1SO A A P 0.631 chRCC
24 59 M |nil P L 34 Y HYPO HYPER A A A 3.481 B.I
25 68 M |1 P R 35 Y HYPO HYPER A A A 3.121 B.I
26 35 M |16 P R 36 HYPO HYPER P A P 1.679 ccRCC
37 Y HYPO HYPER A A P 1597 ccRCC
27 51 M |1 P L 38 Y Y HYPO HYPER | A FTS A 2.787 B.II
28 12 F |1 A R 39 HYPO HYPER P A P 0.789 Wilms
29 60 F|nil P 40 Y HYPO HYPER A FTS P 3.043 B.II
4 Y HYPER IH A A P 2.936 B.II
30 64 1 42 Y HYPO HYPER A MTS A 2.937 B.II
43 Y HYPO HYPER A A A 3.261 B.I
44 Y HYPO HYPER A A A 3.367 B.I
31 5 1,2 A 45 Y HYPO HYPER A A P 0.767 Wilms
32 56 nil P 46 Y HYPO HYPER A FTS A 3.126 B.II




33 59 M nil P L 47 Y HY PO HYPER A A A 3.287 B.I
34 7 F 1,2 A L 48 HY PO HYPER A A P 0.761 Wilms
35 77 M 1,6, 10 P R 49 Y HY PO HYPER P A P 1.787 ccRCC
36 56 M 1 P L 50 Y Y HY PO HYPER A TIS A 2.987 B.Il
37 47 F 1,69 10 A R 51 Y HI 1SO A A P 1.107 pRCC
38 4 M 1,2 A L 52 HY PO IH A A P 0.789 Wilms
39 66 M 1 P L 53 Y Y HY PO HYPER A A A 3.617 B.I
40 3 M 1,2 A L 54 ISO HYPER A A P 0.713 Wilms
41 56 M nil A R 55 Y Y HY PO HYPER A A A 3.248 B.I
42 46 F nil A L 56 Y Y HY PO HYPER A A A 3.158 B.I
43 38 M 1 A R 57 Y Y HY PO HYPER A A A 3.354 B.I
44 64 F nil A R 58 Y Y HY PO HYPER A A A 3.568 B.I




