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ABSTRACT

BACKGROUND & OBJECTIVES: Susceptibility-weighted imaging (SWI) images
are generated from two-dimensional Gradient echo pulse sequence (GRE) to three-
dimensional sequences which allows thinner slices and smaller voxels with increased
gpatial resolution. SWI is sensitive to substances that distort the local magnetic field
(such as calcium and iron), in which the phase images can differentiate. In SWI,
magnitude and phase images are independently processed and can also be combined

for diagnostic use.

SWI is helpful in the setting of trauma and acute neurologic presentations
such as stroke & cerebral venous thrombosis, intraparenchymal hemorrhage,
neurological infections, aneurysms, vascular malformations, developmental venous
anomaly, cerebral microbleeds, intracranial calcifications, neurodegenerative diseases

and brain tumors.

The main objective of this study is to understand the uses of SWI as an

addition to the conventional MRI sequences in concluding the final diagnosis.

MATERIALS AND METHODS: One-year cross-sectiona study was done in the
department of radiodiagnosis at the KLES Dr. Prabhakar Kore Hospital and MRC,
Belagavi. Tota patients included in the study were 143. These patients with any

neurological symptoms were considered.

These patients were subjected to department of radiology to undergo MRI
brain in 3T Siemens MRI machine. SWI sequence was added to the routine MRI

protocol in all the patients undergoing MRI brain and relevant findings were noted.
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Any hypointense blooming on SWI followed by hypointense/ hyperintense
blooming in the same region on Phase sequences was observed to understand the

presence of bleed/ calcium.

Other conventional MR sequences were aso observed to come to the final

diagnosis and a'so to differentiate between bleed, calcium and hemosiderin.

RESULTS: The mean age ranged from 46.58 +/- 22.07 years. The minimum age was
one day and the maximum age was 85. Among the study population, 102 were males
and 41 were females. Most common symptom in our study was headache followed by

sei zures and maximum number of patients had symptoms for less than one month.

In this study 78 patients had non-vascular pathology and 65 patients had
vascular pathology in the scan. Among the study group, 82 cases (57.34 %) had
hemorrhage within the brain parenchyma, 35 cases (24.48 %) had calcium and 26

cases (18.18 %) had hemosiderin.

The most common diagnosis in this study was brain tumors i.e; 31 cases
(21.68 %) with hemorrhage (17 cases) / calcium (12 cases) / hemosiderin (2 cases)
within the lesion. Few other important diagnosis were made during this study being
26 cases of iron deposition in brain, 15 cases of neuro infections, 13 cases of cerebral
venous thrombosis, 10 cases of hemorrhagic transformation of infarct, 10 cases of
intraparenchymal hemorrhage, 7 cases of neurodegenerative disorders, 6 cases of
hemorrhage due to trauma, 6 cases of vascular malformations, 5 cases of hypertensive
microangiopathy with microbleeds, 4 cases of aneurysm, 2 cases of developmental
venous anomaly, 3 cases of neurocutaneous syndromes, 2 cases of moya moya, 2
cases of acute necrotizing hemorrhagic encephalopathy, 2 cases of peri-callosa
lipoma, one case of lentiform nucleus calcification and one case of colloid cyst.
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INTERPRETATION & CONCLUSION: Compounds with substances that are
diamagnetic, paramagnetic and ferromagnetic properties will interact with loca
magnetic field resulting in its destruction and hence altering the phase of local tissue
which causes signal alteration. SWI combines GRE techniques with phase to create
images that are more superior and that help in cases of resolving venous vasculature,

hemorrhage, calcium and iron.

In this study we understood that SWI can be useful for diagnosing traumatic
brain injury, tumors, neurodegeneration, stroke, venous thrombosis, vascular
malformations, chromic hematomas, aneurysms and calcified lipomas. We have
observed that SWI was useful in narrowing down the differential diagnosisin cases of
brain tumors by helping to know the presence of haemorrhage, calcium or iron in the
lesion. SWI was particularly useful in cases of chronic bleeds and microhaemorrhages
which were overlooked on T1 and in cases where T1 & T2 sequences did not show

any signal abnormality.

Thus, SWI can be useful for imaging mineralization, venous anatomy, and
cerebrovascular disease. Though SWI cannot replace conventional MRI sequences, it

can provide complementary information which helpsin the final diagnostic outcome.

KEYWORDS: Susceptibility weighted imaging, phase images, Gradient echo pulse
sequence, magnetic field, hemorrhage, calcium, iron, hemosiderin, stroke,

neurodegeneration, cerebral venous thrombosis, trauma, vascular malformation.
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INTRODUCTION

Susceptibility Weighted Imaging (SWI) is a novelur@maging approach that
has gained widespread use recently to gain diffedesfiagnosis of several neurologic
diseases. SWI gives information about tissues thas different magnetic
susceptibility from their surroundings like ironalcium, deoxygenated blood, and
haemosiderify. It utilizes the intrinsic differences in magmesusceptibilities of
various substances, such as deoxygenated bloodd lpooducts, iron, and other
tissues to enhance a unique contrast in Magnesoface (MR). SWI images tend
to be fast sequence hence it has considerablyskess time. The sequences when
included in conventional MRI sequences can helpeialuation of different
neurological disorders such as diffuse axonal ynjtraumatic brain injury), cerebral
infarction, neoplasms, neurodegenerative disoraletisvascular malformatiofis

SWI is a particular sequencing and processing sehereated to boost
contrast in T2*-weighted pictures. Originating iesearch on cerebral microbleeds
(CMBs) and venous deoxyhemoglobin, its applicatiohave since grown
significantly. SWI has increased susceptibility stvity than the GRE images
because it is based on high resolution, flow-corsptad and long TE three
dimentional GRE technique which contains filteretlage informatiof. SwiI
increases the effect of the local magnetic fieldateons caused by tissues containing
blood, iron, calcium and deoxyhemoglobin and thebanges that occur in the
magnetic field will result in signal 1045

Magnetic resonance imaging recently made some uiedpfvancements, one
of which being susceptibility-weighted imaging (SWis use gave radiologists in a
variety of specialties, especially neuroradiologseful information. SWI was able to

show the presence of diamagnetic and paramagnat&rials in the brain.
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I ntroduction

As a result, this imaging method might be useddorariety of purposes in both
academic and clinical neuroradiology. The pracgisediologist needs to be educated
on how to interpret SWI and phase pictures fromhhbaght- and left-handed MRI
systems in order to diagnose and characterise a wadiety of neurological and
neurodegenerative disorders affecting the Brdlin

Dementia and neurodegenerative diseases are begxomoire common as the
average lifespan of people rises. Neuroimaging g¢sugial component of numerous
studies that are currently being conducted to keétp the early identification and
treatment of dementia. Conventional neuroimagimgydver, frequently falls short in
terms of providing sufficient diagnostic informatioin individuals with
neurodegenerative diseases. To help with the pidipgnosis of such illnesses in this
situation, various MRI sequences are now beincaresed’.

SWI combines magnitude and phase images to createast that is sensitive
to the detection of changes in tissue susceptibi8WI can be used to detect
microhemorrhages and/or fast iron accumulationh@ brain, both of which are
associated with numerous neurodegenerative disedsesmicrohemorrhages in the
cortex of a patient with cerebral amyloid angiopafior instance, are most often seen
in the frontal and parietal lobes and may be detedty SWI. On high-resolution
SWI, on the other hand, the abnormal swallow-tainsis very diagnostic for
Parkinson's disea§e Additionally, SWI is a helpful sequence to idéngprecentral
cortices with low signal intensity in individualsitv amyotrophic lateral sclerosis.
Accurate diagnosis of neurodegenerative illnessgsires knowledge of SWI results.

There are several uses for susceptibility weiglteaging in neuroradiology
practise, and it need to be incorporated into stehghrotocols. It can detect micro-

and macrohemorrhages, pinpoint low-flow vasculasnaalies, and identify cerebral
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microvasculature. It has been demonstrated to bedaantageous imaging sequence
that is complimentary for the treatment of stroleignts. It helps with the grading

and characterisation of cerebral malignancies db agethe assessment of patients
with traumatic brain injuries. By determining then concentration of the brain,

guantitative susceptibility mapping may be usedaowariety of neurodegenerative

diseases.

Susceptibility-weighted imaging is a crucial teclugy that allows for the
precise identification of early hemorrhagic changssde acute infarctions as well as
the detection of old microbleeds, notifying theatieg physician about the life-
threatening side effect of anticoagulant medicatibrAdditionally, SWI can identify
cerebral venous thrombosis early. SWI should theisalstandard procedure in the

stroke imaging regimen.

NEED FOR THE STUDY:

A new MR sequence called susceptibility weightedgmg (SWI) analyses
and makes use of the magnetic characteristicssdigs like blood, iron, and bdHe
SWI is a 3D velocity compensated gradient echo esecgl that produces magnitude,
phase, or a combination of these two pictures. écispp combination of SWI's high
resolution 3D gradient echo, full flow compensatiorall three directions, thin slices,
phase image filtering, high-lighting susceptibility phase masking, and improved
data interpretation make SWI stand out. SWI is dsgly employed for high-
resolution venous anatomy, tissue susceptibilisyirig, and the diagnosis of cerebral
vascular disorders[8]. SWI is highly helpful in m#ying brain cancers and
degenerative illnesses of the brain, detectingift@tions in a variety of clinical

circumstances, and detect cerebral micro-bleeds.
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To distinguish between the diamagnetic effects altiom and the paramagnetic
susceptibility effects of blood, phase images aey\helpful. SWI can assess iron

deposit variations of several neuro-degeneratiseatie.

In this study, | will explore the clinical uses 8WI, the ideal parameters to

employ, and the interpretation of the processed 8&td and phase images, as well as

the current state of the art technology, post @siog, and technical considerations.
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Objectives

OBJECTIVES

AIM AND OBJECTIVESOF THE STUDY::
1. To illustrate the clinical objectives of SWI as a sequence of MRI Brain in
neurologic disorders.

2. To collect evidence and prove that SWI is a better approach to diagnose the

neurologic disorders.
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REVIEW OF LITERATURE
Definition

Susceptibility weighted imaging (SWI) is a MRI seqgue that has elevated
spatial 3D resolution and is completely velocitymgeensated. It is sensitive to
substances that alter the local magnetic field, ingak useful in the detection of
calcium, blood products, etc. Unlike the majorifyodher standard sequences, SWI
makes use of both the effect's size and phase. ybemoglobin, ferritin, and
hemosiderin are examples of paramagnetic, diamigneind ferromagnetic
compounds that interact with the local magnetildfte vary its phase, which changes
the signal. Other examples include bone mineradsdystrophic calcifications.
Anatomy of Cerebral Venous System —:

Deep veins, superficial veins, and dural venoussgs make up the cerebral
venous system. It is divided into: superficial alegp systenfs.

Dural sinuses and cortical veins put together férensuperficial system. It is
responsible for draining the blood from the cerklwartex and superficial white
matter. The Superior sagittal and Cavernous sinaisgl dorsolateral portion and the
anteroventral areas respectively. The transveraes sun along the lateral boarder of
tentorium cerebelli and grooves the occipital agdasnous temporal bones. They
terminate into sigmoid sinus just as it receives shiperior petrosal sinus from the
cavernous sinus. The cavernous sinus drains imt@dsterolateral transverse sinus
and the inferolateral sigmoid sinus through theesiop and inferior petrosal
sinuse8. Superior and inferior draining veins are knowrsaperficial cortical veins

(vein of Labbe and sylvian or superficial middlesi®al veins).
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The veins in the deep cerebral cortex are a paheotieeper venous network.
The Rosenthal or basal vein, the medullary and merdeymal veins, the sigmoid
sinus, the straight sinus, the transverse sinusireof Galen, and the internal cerebral
veins are all included. The deep venous systeneasllblood from the brain's deep
white matter, thalamus, and basal ganglia. Thd fin@nage site for the contents of

both venous systems is the internal jugular vein.

Figure 1: Normal major cerebral veins and Sinusesas seen in MR Venogram}’

Superior sagittal sinus
Vein of Trolard ‘ /

-

Vein of Galen

Internal cerebral veins

Vein of Labbé

Sigmoid sinus] 1 [ Internal

jugular vein

Transverse sinus

Image courtesy:Ulivi L et all®!
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Figure 2: Cortical venous vascular territories

Cortical venous vascular lerritories

spenon anastamots vain (of Troland] to $55
cortical veina 1o TS

Inferiar snastormenc vein (of Labbe) o TS

Cortical venous vascular lerritories

Suparior aeastometis vein (o Trelard] o 535
Iarice sagiltal seas
I teteenad conabeal vein 1o S5
Basal voin fof Roseninal} io 55
I Greas combral voin (of Galer] 1o 55
| wuing of supesior (Gatanic) PCF group o S8
'wains of posterior (loninfial) PCF grop 1o TS

Sepr
Radiopandia.

wnin of antarior (pevosal) PCF group o 5 then S8 o

Image courtesy:https://radiopaedia.org/articles/cerebral-venousttibosis

A. Lateral view of the cerebral cortex

B. Medial view

Figure 3: Brain venous vascular territories.

Brain vanous vascular termlorion
I teprion sagmal wirns
B ortusnt vairn

ougain mnasiomate veun {of Tromn)

Brain venous vascular temitories
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Brain venous vascular territories

e
\

Brain venous vascular territories

- Superior sagitial sinus

| cortical veins

Infarior sagittal sinus
B straight sinus

. Internal cerebral vein

ri i/ 15 sinuses

Superficial middle cerebral (Sylvian) vein mo'gc—a\rvs-\-zz
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B straight sinus

| weins of superior (Galenic) PCF

. Transverse sinus

Brain venous vascular territories

Basal vein (of Rosaenthal)

Inferior anastomotic vein (of Labba)

Sphenoparietal / cavemous sinuses

Superficial middle cerebral (Sylvian) vein m&m‘-m
Radiopaedia.org

[ Transverse sinus

~ Sigmolid sinus

Brain venous vascular territories

weins of posterior (tentorial) PCF group

Inferior petrosal sinus
veins of anterior (petrosal) PCF group

Superior petrosal sinus

Sph parietal /

o Coaty Haokig
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Arterial anatomy of brain:

Internal carotid arteries (ICA) and vertebral aeer(VA) on both sides of the body

provide blood to the brain. ICA along with middledaanterior cerebral arteries form
the anterior circulation and vertebral along wittsitar and posterior cerebral artery
forms the posterior circulatiff. Through the Circle of Willis, the anterior and
posterior circulations communicate through the @mteand posterior communicating

arteries. If one or more of the arteries enterirglirain are damaged or dysfunctional,
this circle of willishelps to enable blood circudat to the brain to continue through

collaterals. However, only around a quarter of pedve a full Circle of Willi&?.

Figure 4: Circle of willis

Normal anatomy

Image courtesy:https://radiopaedia.org/cases/common-variants-®feitcle-of-

willis-illustrations?lang=gb
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Figure 5: Brain arterial vascular territories
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Carebesd Vascutar Terrinnies

Carebest Vascular Terrasties

Carebrad Vascular Terroaries

Carebrad Vascular Territesies

Censbral Vasoular Temitaries

Image courtesy:https://radiopaedia.org/cases/cerebral-vasculéatdaees-

illustration?lang=gb
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Cortical vascular territories Cortical vascular territories

FE

Wiy

Image courtesy: https://radiopaedia.org/cases/cerebral-vascalaitdries-in-the-

midline-illustration?lang=gb

SWI Images -Generation and Processing

Gradient-echo (GRE) pulse sequences act as a kageséor generation of
SWI images. GRE sequences show high sensitivitgeqimbility differences, due to
its inability to refocus spins de-phased by the bgemeities in magnetic field.

Calcifications, iron, and blood products have tiiadally been detected using
T2*weighted GRE sequences. In order to get morgyiout voxels, SWI sequences
are obtained in 3D rather than 2D mode. Three-dgiomal (3D) imaging helps
acquire less noise, and analogous imaging shomesging sessions. Within a fixed
TR, SWI may produce both single and multiple echd®&/I's ability to absorb
information both individually and collectively isuxrial for making diagnoses. To
perform SWI imaging, a flip angle of 15-20 degreesgsed in conjunction with a TR
parameter interval of 25-50 ms and a TE paramatenial of 20—40 ms. In simple

terms, a stronger magnetic field causes smalfeafiigleS™.

A study done in the year 2009, in their review cetiobserved that SWI
enhances contrast in MRI. For the most part, pirdsemation has been disregarded

in conventional imaging, with the exception of avfaiche uses in flow imaging.
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Background field inhomogeneities induced by aslfis interfaces and main magnetic
field influences make phase pictures hard to undeds?. However, these
inhomogeneities also conceal important informatioegarding susceptibility
variations across tissues. However, it has beewrslioat these undesired effects may
be filtered out using a specialised high-passrfilteaving just the useful data on
susceptibility differences across tissues. Sudgoiiptiweighted pictures are the result
of combining the contrast from the magnitude imagé the contrast from the phase
image. SWI is an innovative contrast modality thety be used in conjunction with
traditional spin-density, T1-, and T2-weighted inmagtechniques. SWI is especially
sensitive to deoxyhaemoglobin, making it helpfuliinaging haemorrhages from
trauma, detecting blood products, and tracing tierwlarization of tumours, as well
as in high-resolution magnetic resonance venograplmnas also shown promise in a
variety of other iron-related contexts, such aseeduation of MS lesion iron and the

study of ageing.

SWI pictures are created by combininggni@de and phase images,
establishing the various effects of calcificatiomdeleeding on susceptibility. Phase
delay in the MR signal is caused by the diamagneharacteristics of calcium
depositions. The paramagnetic properties of tissaagining ferritin or hemosiderin
cause phase progression. On phase pictures, catmfis and haemorrhages have
opposite signal intensities due to the various elsfts in the voxels. On the phase
pictures of SWI, calcification looks hypointense emias haemorrhage appears

hyperintens@.
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SWI for detection of Haemorrhage:

A novel magnetic resonance approach called SWitake advantage of the
variances in susceptibility of different tissuesheT SWI magnitude pictures of
intracranial haemorrhage (ICH) have a black blosr'.egrappearanéjé]. Hemorrhagic
phase SWI images show four types of bleeding: s@bduepidural bleed,
subarachnoid bleed, parenchymal bleed, and miadbldhe SWI phase value
pattern varied with its kind, development staged aize. The physiology and
magnetic properties of the haemoglobin have ainolke formation (and progression)
of a cerebral haemorrhage. It is common practisglassify haemorrhages into five
stages based on the presence or absence of meglobmoin red blood cells:
hyperacute /intracellular oxyhemoglobin, acuterdo¢llular deoxyhemoglobin, early
subacute /intracellular met-hemoglobin, late sutmdéextracellular met-hemoglobin,
and chroni€®. Combining T1- and T2-weighted pictures made isgiiole to
distinguish between various bleeding phases. SWiclwhave just lately been used,
have demonstrated greater sensitivity and speyifitor the identification of
intracranial haemorrhages than GRE.

SWI can offer extra phase information and is higkbnsitive to blood
products. To distinguish between bleeding phaseésTZ, T2* weighted images shall
be combined. The different cerebral haemorrhagesvishon the phase picture,
however, have not yet been described in detail.tt@n SWI, every haemorrhage
displayed a blooming black signal. However, depegdin the stage, location, and
size of the haemorrhages, the phase images reveaedus looks. These
observations on the phase pictures may offer furtledails regarding the different

cerebral haemorrhade¥’,
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Studies by Tong et &*** and Babikian et al'® showed that SWI is around 3
to 6 times more effective than GE sequences inctetg overall size, frequency,
guantity, and dispersion of hemorrhage. Figure fiadge a patient who was engaged
in a car accident and went into a coma as a reduliignificant brain trauma.
Suspicious hypodensities were seen on a non-entha@de scan in the affected
regions. The cerebral lesions could be seen meaalglusing T1 and T2 weighted
images. Compared to other traditional sequenced, I&ad significantly identified
more number of lesions of different sizes, and esen more impressively sensitive

in identifying the abnormalities.

FIGURE 6:

Although larger haemorrhages are visible on CT eodventional diagnostic MR
imaging sequences, Tong et al. found that some h&ldorrhagic lesions (shearing)
are only evident when using SWl. This conclusion is in line with ours.

Additionally, Babikian et &” study has shown a correlation between particular
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cognitive abnormalities and the magnitude and feegy of SWI hemorrhagic
lesions. Lesions in the frontal white matter orig@-temporo-occipital grey or white
matter were seen in the vast majority of individyghe thalamus area, brainstem
area, the cerebellum, and basal ganglia were défsited. Recent head injuries show
the SWI is particularly useful in identifying lesi® in brainstem caused by trauma, as
opposed to conventional MR imaging sequences. Alaogrto research, SWI is
sometimes even more accurate than CT at identifiiegmorrhages outside of the
brain parenchyma, such as intraventricular andrsichaoid haemorrhad®@s CT was
unable to find an intraventricular haemorrhage ion #. The same-day SWI clearly
demonstrated haemorrhage deposits in the latentlieie’s posterior horn. The right
lateral ventricle's occipital horn was detectedt@initial CT scan by the radiologist
retrospectively as having a faint, high-attenuatggnal strength. It is obvious that

SWI was beneficial in making clinical choices fbistpatient.

FIGURE 7:

According to several studies, SWI is the most aateurapproach for finding
microbleeds, exposing nearly 6 times as many niitzed as traditional techniqls
Figure 8 is of age 70, who had a stent (coronary@rimplanted having prescribed

for aspirin and clopidogrel. The patient showedwitin a changed mental condition
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two months later. An intraparenchymal haemorrhags seen in the left posterior
temporoparietal area on a subsequent CT scan. Brajiography and MRA on the

patient revealed no signs of arterio-venous malé&ion or other vascular

abnormalities.

FIGURE 8:

The accurate diagnosis of cerebral haemorrhagesu@al, yet utilising T2
weighted spin and gradient echo sequences, itsilppedo miss it even one year after
the haemorrhage started. SWI is quite hence, gdoblemd detection and may
eventually become more so. Using SWI determinglseifduration of time following
an intracranial haemorrhage affects the intractdn@d detection and degradation.
After a cerebral haemorrhage, it is consistentlgsiigle to identify blood and its
products with SWI for a considerable amount of HAT&.

Subarachnoid haemorrhage (SAH) remains a challeéagdiagnose using
conventional imaging techniques, especially indhlacute phase. In a research, they

compared the conventional MRI sequences with a neggquence called double
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inversion recovery (DIR) for the diagnosis of suliacSAH as compared to GRE and
SWI sequencé¥!. The DIR sequence is indicated as a great imaigiognique for
identifying hemorrhagic areas.

The SWI acts as a complement to the existing cdives methods as it is
more sensitive in identifying blood products avehous vasculature. SWI also
showed the correlations between the blood proflticfBhe authors have reported that
SWI can be used for tumor characterization as goed at highlighting the blood
products and venous vasculature.

Nathaniel D. Wycliffe, MD , Judy Choe, MD et &f' did a comparative study
on MR imaging , CT and SWI imaging techniques fientification of haemorrhage.
SWI showed evidences of haemorrhage better thannhéiging and CT . The authors
have suggested that SWI could be powerful appréarcthisualizing and detection of
haemorrhage. The authors have also suggesteddiiageSWI sequence to MRI may
help in eliminating the need for CT images to deteemorrhadé”.

SWI for Cerebral venous thrombosis (CVT):

Around 0.5% of strokes are caused by CVT, makiregviery unusual cause of
brain damage. Diagnosis needs a high indicatorliofcal and neuro- radiological
investigative evidence due to its varied clinicalgtice. Few treatment options mostly
rely on consensus. Therefore, it's crucial to baveosant with global standards.
Although a tiny percentage of patients experieneathd or disability, outcomes are
frequently favorable and the majority make full oeerie$*??. The symptom and
indications of elevated intra-cranial pressureP)lGa localized lesion in brain or both
elevated ICP and focal lesion can all be presetitarclinical presentation of CVT. In
as much as 40% of cases, individuals appear suddeéth stroke-like symptoms

within 48 hours of symptom onset, and the onseaepa are very variable. More than
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50% show up within a month after the commenceménhe symptoms, and just a
tiny percentage (7%) show up with chronic problahet have persisted for longer
than a mont#!. Most patients may benefit from a wide range efipies, including
emergency medicine, stroke care, neurology, andosatgery, due to the vague
nature of their symptoms. SWI can detect thrombasadses having low signal
leveld®!,

SWI can be used in detecting Cortical Vein Throsibdn individuals having
spontaneous Intracranial Hypotension. This condii® known as cerebral cortical
vein thrombosis. It can occur alone or in conjumttivith venous sinus thrombosis.
Because the cerebral venous system has variousnaicat differences, isolated CVT
is challenging to identify. A highly sensitive MRguence for both the identification
of extravascular blood products and intravascutaxgigenated blood is SW

The most common cause of CVT is venous sinus thosiebIn the case of
spontaneous intracranial hypotension, it is necggsdind imaging evidence of both
venous sinus thrombosis and isolated CVT. Howelae, to the numerous structural
variances in the cerebral veins and the fact thataige of the thrombus affects the
CVT's , solitary CVT is uncommon and challengingidentify. SWI was able to
quickly identify the isolated CVT. According to regs, SWI is useful for identifying
intravascular thromb{fg!.

SWI can identify a blooming artefact caused by itiivas in and beyond the
cerebral artery lumen in individuals suffering framute stroke and major vascular
blockage. It can also be helpful in determining the¢ent of the thrombus, which
could make it easier to develop a treatment plathimmbolysis. The cerebral veins
are visualized as intense structures with darkadggon SWI because they contain a

significant amount of deoxy-hemoglobin, which cesat susceptibility effect. The
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thrombosed cortical vein in the experimental pdtigadd a much big diameter than
the nearby healthy veins. Thus, its easy to idgrtifat it was caused by CVT.
Additional help for the diagnosis was the strorgnal strength of the associated vein
on the T1 picturg®.

The exact evaluation of early haemorrhage and thosms involving tiny
cortical veins may be greatly aided by SWI (susbdjty weighted imaging)
sequences. The most reliable way to diagnose @rebnous thrombosis is by
magnetic resonance venography (MRV) of the braihak been noted that SWI has
superior diagnostic performance to MRV in identityiCVT and in enabling early
detection of CVT in cases when MRV is not practféal
Magnetic resonance venography (MRV) brain is th&l gandard for diagnosing
cerebral venous thrombosis (CVT). SWI is a highesal resolution technique that is
exquisitely sensitive to venous blood, hemorrhaigg iron storage. Study aimed to
know the diagnostic performance of SWI in demy CVT compared to MRV
and to facilitate early diagnosis of CVT where MRdt feasible. Magnetic resonance
venography (MRV) brain is the gold standard for gdiasing cerebral venous

thrombosis (CVT).

When MRV brain is not feasible, conventional MRIthwia SWI sequence
added is the imaging modality of choice for evah@individuals with CVT. SWI is
more effective in diagnosing isolated cortical vélirombosi§*.Due to its ability to
show microbleeds and the veins increased sengitiait magnetic susceptibility
differences. Researches have attempted to asseability of SWI and MRV brain to
detect CVT in patients presenting with headachadidition to providing time-saving
information for an early diagnosis of CVT, MRV, wision, and SWI shall be used to
assess the extent of thrombus, distinguish betvei#erent types of edema, find
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intracerebral hematoma, hemorrhagic and non-hemgichinfarcts, and detect

intracerebral hematorfig?.

Hemoglobin catabolism and its byproducts have weflned MR properties.
When arterial blood with a high oxygen saturatisncombined with venous blood
with a lower oxygen saturation, haemoglobin getsxgigenated. Deoxyhemaoglobin,
which possesses paramagnetic characteristics, isduped as a result.
Deoxyhemoglobin causes a non rhythmic magnetic areha quick de-phasing of
proton spins, which is why the T2*-weighted sigisalost in CVT. This characteristic
of the paramagnetic molecules, known as the "magsasceptibility effect,” causes
a signal loss (blooming) that is most seen in T@ISAs a result, T2*/SWI aids in

both the identification of hemorrhagic venous infeomm and thrombosed sinus.

Thus, SWI/ GRE sequences are critical in the diagnof CVT, particularly
cortical vein thrombosis, and are very sensitive dietecting blood breakdown
products. Deoxyhemoglobin and meth-Hb, two parareigrcompounds present in
the thrombus, cause the thrombosed venous segntentexhibit blooming
artefact®>?® In acute thrombosis, where the SI may mistakelpdy normal,
SWI/GRE is more significant. In addition to sulc&AH, well-defined tubular
hypointensity on SWI may also signal cortical véinombosis, which can continue
for weeks and be accompanied with underlying calSabcortical white matter

petechial haemorrhades™

In young people, cerebral venous thrombosis isgaifstant stroke-causing
factor. The SWI method detects the intraluminat oiahe veins. Due to the clot, the
afflicted vein or sinus looks hypointense. SWI is a&dded diagnostic advantage in

detecting clots in cerebral venous sinuses to ¢tiheentional T2 flow voids and MRV
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particularly when the thrombosis is in its acuteag#i”. SWI offers significantly
more sensitivity for diagnosing CVT than standafdahd T2 weighted pictures. SWI
is the MR sequence that makes it easiest to sembused veins and sinuses. In MR,
the loss of signal flow on T1 and T2W sequences sgyn for diagnosing CVT. The
distinct signal variations on T1, T2 images areseauby diverse blood breakdown
chemical products in thrombosed veins and sinuskes. diagnosis of CVT nearly
usually has to be confirmed by MRV. The intralunhitheombosis is identified by the
void of flow on MRV. However, MRV produces artefacthat could lead to a false
negative resuft’.

In a 2009 study, researchers outlined the MR intaghmaracteristics, such as
the T2*gradient-echo (GE) sequence, used on 8miatgispected of having Isolated
Cortical Venous Thrombosis (ICoViT§. At the first MR imaging examination,
T2*GE imaging revealed a magnetic susceptibilitieetf (MSE) at the location of a
cerebral vein in all individuals. T2*GE imaging ealed either petechial
haemorrhages or hematomas in 5/8 individuals. éncburse of the follow-up, the
volume and strength of the alterations in signgdnsity shown in the brain tissues on
T1, T2, and FLAIR images all reduced. After 3 manthll patients' ADC readings
inside the tissue had returned to normal. The reBeess came to the conclusion that
T2*GE imaging, MSE of haemoglobin products withive tthrombus was observed
during both the asymptomatic and symptomatic phadedCoVT, and that this
finding suggests that T2*GE imaging has a highagdostic value

SWI is particularly useful in diagnosis of CVT byaging the hemorrhagic
venous infarct and thrombus within the sinus ooftlitvosed cortical veins. It helps in
diagnosing secondary phenomena like venous stadisei form of transmedullary

veins, engorged cortical veins and collateral slow'*®.Venous hypertension can be
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noted at a very early stage before infarction entwehage occurs. These findings will
help us to come to the correct diagnosis even thguignary findings like the ‘empty
delta sign’ is missed. SWI also plays a significapie in follow up imaging of

patients.

SWI for diagnosis of Hypertension:

Blood pressure's impact on venous blood flow in tinain was evaluated
using SWI. In MRI, the SWI technique are sensitiee identify differences in
magnetic vulnerability across tissti®s Deoxyhemoglobin is very reactive to the
blood in venous system because of the iron itainst

The cerebral venous vasculature can differ depgndimthe range of blood
pressure readings, and this can be determined ts##n§W!I approach. The SWI is a
prospective method for assessing and classifyiogdopressure change in the arteries
under study, providing a physiological point ofwiéor MRI and a fresh perspective
for radiological vascular reseal%hThe variations in magnetic properties between
oxyhemoglobin and the deoxyhemoglobin play a kdg m the SWI phenomenon.
The variable that gauges how a material respondisetanfluence of a BO magnetic
area is called magnetic susceptibility. The sulzs#anmay be diamagnetic or
paramagnetic when this field is present. If thegoemage a magnetic field that is
directed in the reverse direction from BO, redudimg total area of the magnetic field,
they will become diamagnetic. This activity of tleyhemoglobin results in the

creation of an opposing magnetic field.
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On the other hand, because they are paramagnetistasges like
deoxyhemoglobin, they may intensify the overall metge field of the region. These
characteristics are based on the fundamental iflegheovenographic impact MRI
BOLD (blood oxygenation level dependent),where 3Vl is an advancement of the
method. It involves using the intrinsic contrasemigT2* and the deoxyhemoglobin's
paramagnetic characteristics to generate a vaplhase between veins holding de-
oxygenated blood and close by brain tissue, balgnout the variations of signal
intensities between the two. The additional SWigghpicture will enable the study of
blood vessels with extremely tiny dimensions. Aseault, the venous vasculature
looks hypointense and sharp (reduced slice thickiés

Brain traumatic microbleeds (TMBs), which are idited by susceptibility
weighted imaging, have been shown to briefly go atied immediately after
damage in a previous rodent research (SWI). Cdrebierohemorrhages with a
maximum size of up to 5 or 10 mm that may be seersusceptibility weighted
magnetic resonance imagitfy

CMBs are increasingly visible on brain MR scansawse of the widespread
adoption of MR imaging devices and specialised im@agequences including SW
imaging. CMBs may be discovered by chance or inneotion with a particular
clinical feature, such cerebral amyloid angiopa@AA).

The prevalence of blast-induced traumatic braiarinjs rising, mostly as a
result of the usage of improvised explosive devicasd it is associated with
undesired cognitive dysfunctions, as shown in batimal and human studies. A
sensitive approach for detecting brain damage tis multi-echo SWI, blood vessels
of various diameters became more visible. Increasskyhaemoglobin is indicated

by a reduction in major vessel post-blast signengjth. Using assumed changes in
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oxygen saturation from major blood arteries, retticerebral blood flow was
calculated from filtered phase SWI picturds

Figure 11 is an image of a 45 year old woman wittogic hypertension. SWI
images show multiple microhemorrhages in the thalaasal ganglia and subcortical
white matter which are typical for hypertensive rangiopath}/.

Figure 11 [3]:

11 am ; 11 cm

Zoom: 332.81% Zoom: 332.81%
WL: 267 WL: 312

WW: 590 WW: 670

Algo1 Algol

A hypertensive subject with chronic hypertensiveeghalopathy is shown in
the below picture (Fig 12). Chronic hypertensiveaeghalopathy is confirmed by the
presence of magnetic susceptibility foci in boteddayanglia, as shown on the SWI in
the D area of the picture (black arrows). The itsshhve shown that SWI is more
efficient in detection and classification of lessothat that of MR imaging without
SWI. The authors have also reported that time tdkerscan is very less with a
maximum time of 3 minutes. The authors have sugdeshat addition of SWI
sequence as a component of brain pathology shallasca key indicator for
diagnosing various brain lesions especially nasing the hemorrhagic lesions, and

will contribute to avoiding inappropriate therapiedreatments®,
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Figure 12[34]:

SWI for detection of Aneurysm:

A brain aneurysm is a dilation of a blood vesselr¢h(AN-yoo-riz-um). An
aneurysm is often shown as a fruit dangling frostean. Hemorrhage in the brain is
caused by a ruptured or leaking aneurysm in thanbfubarachnoid hemorrhage
occurs in case of rupture of an aneury3mAneurysm ruptures quickly turn life-
threatening and need immediate medical attentiaweyer, the majority of brain
aneurysms don't rupture, harm the body, or mangegtsymptoms. These aneurysms
are frequently found during examinations for otbesorders. In rare circumstances,
treatment for a brain aneurysm that has not rugtunay be necessary in order to

avoid a future ruptuf&',
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Using 7T time-of-flight magnetic resonance imagiagd susceptibility-
weighted imaging, it was found that the vessel svadf massive unruptured
intracranial aneurysm were composed of "threentistayers. Due of the high spatial
resolution of the research, in vivo microstructucesld be seen. When compared to
TOP-MRA, the wall thickeness of the aneurysm wasedased by 1.5 times due to
substantial blooming effect on SWI at high magnetiength®*"1 However, MR
vessel wall imaging can detect aneurysmal wallkéming with neovascularization
and inflammatioF®.

SWI for Subacute Stroke:

Using SWI, Morita N. et df® found that individuals suffering from acute
ischemic stroke had significant cerebral medullagins (MV) in the centrum
semiovale and corona radiata. Increased deoxyhefiogbwing to localised oxygen
extraction in the drainage area may account fodibease's prevalence.

According to research by Hermier M. et!'dl! greater cerebral blood volume
and a longer mean “transit time are linked to Mdraalies. Patients suffering from
ischemic stroke, particularly in the subacute pkrinay have a pronounced MV, also
known as the brush sign.

It has been observed by X.Yu et*Hithat individuals with acute ischemic
stroke show pronounced medullary veins in the wihitdter of the brain. Clinicians
may use these imaging indications as prognosticators to decide whether or not to
use tissue-rescue treatments like recanalizatisra £esult, this may help stop strokes
from becoming worse in the subacute stage. Theoesithave employed SWI in
conjunction with MR imaging to test many hypotheaed locate a small number of
biomarkers. Notable ipsilateral MV have been déscdtias predictive indicators for

subacute ischemic stroke, hypoperfusion. The figliBe below demonstrates the
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medullary veins on susceptibility-weighted imaginglong with accompanying

diffusion-weighted images and cerebral blood floaps

Figure 13141

There are Ipsilateral MV in the deep white mattes,shown in the top row of the
figure, CBF maps demonstrate a reduction in whitdten perfusion in this region.
The regions of interest (ROIs) utilised to detemni@BF are denoted by red
rectangles. MV may be seen in the deep white mattehe other side in the middle
row. White matter perfusion is seen to be higheC&k maps in this region. There is
little to no obvious MV in the susceptibility-weitgd pictures in the bottom row. The
authors show that the prominent MV on SWI has hadpility to predict clinical

outcome in individuals with acute stréké
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Lamiaa G. El-Serougy et 47 looked at the accuracy of SWI in identifying
microbleeds in cerebral area in stroke patients, b used to assess the efficacy of
thrombolytic medications and predict future reconoee 124 patients who were
referred from the stroke unit underwent traditiohdRIs and SWIs. In order to
determine the presence, anatomical location, antbeu of cerebral microbleeds, two
observers independently assessed the SWI twicagU&appa statistics, inter- and
intraobserver agreement was calculated. In SWiyeth@as almost complete
intraobserver agreement for the existence of CMBany area of the brain for both
observers. Guidelines for the evaluation of CMBsoamted with bleeding in both
acute and chronic stroke should be revised to decBiwWi*?,

A study done by Zamora C A et al. on a 10 yearbaolgd who presented with left sided
hemiplegia, facial drop and seizures, SWI in MRdwhd the prominence of draining
veins in the ipsilateral brain parenchyma as shawthe figure 14 below, which
indicates raised deoxyhemoglobin in the hypopeduseritory of brain. There was
no acute infarct in this case. Although the causie3odd paralysis is unknown,
research show reversible hypoperfusion. It was chotat SWI was a strong and

recently developed imaging tool that may help i thssessment of perfusion

problems because of its sensitivity to deoxyhemntuiglt?”.

Figure 144
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SWI in brain tumors:

Vivek Sehgal, MD, Zachary Delproposto MD et al. hasestigated the
importance of SWI as a diagnostic value by studyiregbrain masses. The study was
done to evaluate the visibility of tumors, idenitify the blood products and defining
boundaries. Results have shown that SWI performetdeb than T1-weighted
imagind™®.

Mohamed Masoud Radwan, Reda A. Darwish et al. {4 evaluated the
role of SWI in characterizing brain lesions[44]. 8Weélps in identifying the signal
loss due to disturbance in homogenous magnetid fi@used by ferromagnetic,
paramagnetic and diamagnetic components. The iga¢ish was done on 30
patients. Out of 30 patients, 3 had diffuse axonjairy, 6 of them had stroke, 6 of
them had brain tumor, 6 had chronic micro bleedwith venous thrombosis and 4
with extra-axial hemorrhage. The experimental itsshhve shown that all patients
SWI proved excellent demonstration of veins as waelbleeds. The below figure (fig
15) is the scan of one of the 6 subjects of brainotr with left cerebellopontine angle
lesion, on conventional imaging it was not certaihether the mass was intra or
extra-axial, while on SWI a displaced vessel (ajrmclearly seen between the mass

and the cerebellum revealing the extra-axial orgjithe tumor.
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Figure 15*:

Lt Col Ravinder Sahde et al. investigated the mileSWI for intracranial
lesion characterization mostly calcification andmioerhagic foci. A systematic
review was done on all brain imaging studies fqreaiod of two years from 2014-
2016. The review was done both inclusive and exeusi SWI in MR imaging.
Experiments were done on 3710 patients for ideatifon of trauma, chronic micro
bleeds, tumors, venous malformations, intra-cracétifications, infarcts and extra
axial haemorrhage. Both conventional MRI and SWtenmgerformed on all images.
SWI was able to identify positive lesion in 619ipats which was not identified in
conventional MRI method. In 21 patients having mnatic brain injury, positive
results from SWI were superior than those from MRdl CT. Twenty-six patients had
a positive history of hypertension, and SWI indéchtseveral foci of 'blooming'
indicative of cerebral microbleeds. A greater gratiglioma was indicated by SWI's

detection of widespread hemorrhagic change insidertasg®.
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SWI in Degenerative Disorders:

Dementia and other neurological diseases are begomiore common as
individuals live longer. A large number of activesearch studies for the early
detection and treatment of dementia rely heavily n@uroimaging. However, in
patients with neurodegenerative diseases, traditioeuroimaging frequently falls
short of delivering adequate diagnostic reflihe proper diagnosis of such
illnesses can be facilitated by the analysis obs#EVMRI sequences. Using SWI, we
can identify these diagnostic clues since many odrgenerative diseases are
associated with fast iron deposition and/or microbehages in diverse brain regions.

Houman Sotoudeh , Amir Hossein Sarrami et al. tepahat in hypertensive
cerebral angiopathy condition or vascular dementi8WI can detect
microhemorrhages in typical locations for hyperiemscerebral angiopathy as
thalami, basal ganglia, cerebellum, and pons. Mienoorrhages may be detected by
SWI even while they are still rather tiny. SWI ha&portedly been able to identify
brain microhemorrhages more than 1 mm in size. [dbation of microhemorrhages
and iron deposition in the brain is crucial forghasis, and the scientists indicate that
SWI is the most sensitive sequence to identify thBatients experiencing cognitive
impairment or dementia should include SWI into thgiily routiné®!.

SWI in Pediatric Neurolmaging:

SWI is progressively used more in clinical practisainly in children. SWI is
used in detection of pediatric and neonatal negiokd diseasesThangamadhan
Bosemani, MD et al. investigated the role of SWIPiediatric Neuroimaging. MR
imaging's sensitivity and specificity may be impedvby SWI in a variety of
paediatric neurological disorders. SWI imaging rodtlcan be used to assess crucial

brain perfusion in young stroke patiéfits In paediatric neuroimaging, Researchers
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may utilise SWI as a biomarker to learn more abilness development and

treatment outcomes. SWI can be used in the eadgndisis of conditions such as
developmental venous anomaly, vein of galen aneunyslformation, any vascular
malformations, sturge weber syndrome, hemiplegigrame, hypoxic ischemic

injury, infections and pediatric brain tumor chaeaizatiort*®"

SWI for identification of Calcification:

SWI filtered phase images can detect even smalhtgies of calcification.
Although a shorter echo duration or more suitablesg conversion to local
susceptibility might help, it is still challengingp display the exact form of
calcification across a vast region or in high congaion due to aliasiftf’. SWI
images showed calcifications that are normal fa fineal gland, both choroid
plexuses in the trigone of the lateral ventriclesid the left globus pallidus.
Advantages of SWI include the capacity to distispuibetween bleeding and
calcification inside the plaqif&.

SWI to detect abnormal iron deposition:

Histopathologic examination of multiple sclerosiatipnts has shown iron
accumulation in the brain parenchyma. Quantifying &isualising iron deposition
has been accomplished using SWI and other MR ingaigiodalities. Due to the fact
that elevated iron levels produce decreased T2xattan time, resulting in
hypointensity on T2-weighted images, analysing fi2+sity variations is a simple
way to assess iron concentratfdh Iron accumulation may develop in the same
structures before atrophy is noticeable. Tissudh wbn deposition (either ferritin,
deoxyhemoglobin, or hemosiderin) can be seen WS an MR imaging method.
Researchers recently employed this technique tdés substantial changes in iron

level between multiple sclerosis (MS) and healtblyarts individuals with subcortical
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deep grey matter(SDGM). When compared to T2 hypasity and relaxometry
studies, a SWI-filtered phase technique is morsitea to identify tissue alterations

indicative of iroi"!,

LACUNAE OF LITERATURE:

As compared to conventional imaging techniques sicNRI and CT , SWI
has shown more accuracy in diagnosis of variougahegical conditions . SWI
sequences can identify the different types cerebeamhorrhages, identify bleed in
hemorrhagic lesions and separate bleed from azdifin, identifying traumatic
lesions in the brainstem, help in diagnosis of C\$hpow blooming artifact in
aneurysm, visualizing and detection of haemorrhageute stroke patients, detection
of degenearative disorders and detect Cerebralobleeds (CMBs), SWI is more
sensitive in identifying blood products and venwasculature.

Advantages of SWI over existing conventional methsithg MR imaging sequences
1. More sensitive to susceptibility than the stande2ti GRE sequence
2. Extremely reactive to microhemorrhages and bloggat#ation products
3. Because deoxyhemoglobin in veins is paramagndiis, test may provide
details about a patient's venous architecture,dlype variances, and even
vascular malformations.
The SWI acts as a complement to the existing cdiowgad MRI method. Hence SWiI
when added to brain pathological assessments danirheliagnosing neurological

disorders better avoiding incorrect treatment regirand their catastrophic results.
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MATERIAL AND METHODS

Source of data: Patients referred for MRI of brain with SWI for féifent clinical
indications including stroke, brain hemorrhagejrbtamors, headache, infection and
multiple sclerosis to the department of Radio-D@gis at The KLE'S Dr. Prabhakar

Kore hospital & MRC, Belgaum.
M ethod of collection of data:
1. Study design: Hospital based observational cross sectiondlystu

2. Sample size formula: The minimum sample size formula based on prevalence

rate is

_ 2,2P1-P)
@

Where P is the percentage of prevalence and ceipdhcentage likely difference in

the prevalence.

Z, is linked with the level of significance. For 5&ve&l of the significanceoz= 1.96.
Ref:

With P = 30% and d = 25% of P = 7.50%, the samiglkeis 143.

Statistical Analysis. Since the study is of cross-sectional study the plaanalysis

will be as follows.
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For the continuous quantitative variables meanstaddard deviation will be
calculated. For the purpose of comparison if th@a dadivided into two groups with
respect to certain qualitative characteristic,dbetinuous variables will be compared
using suitable tools of statistics like studentispaired t test. The pre and post

treatment measures will be compared using studpatfed t test.

Discrete variables will be represented by median.

The categorical data will be expressed in termsratks, ratios and
percentages. The association between the outcotimécab and demographic
characteristics will be tested using Chi-squarée test of proportion or Fisher’'s exact
test.

For discrete variables nonparametric tests willded.

Apart from the above suitable tools like ANOVA, oalation, regression etc., will be

used according to the need.

Suitable graphs will be used to depict the compatris

For all the tests the value of p less than 5% (0.0l be considered significant.

(1) Sampling method: All patients will be evaluated clinically and thendergo an

SWI MRI Sequence using a 3 Tesla MRI scanner (MagneAvanto TIM, 18
channel; Siemens, Erlangen, Germany) within seways drom the onset of

seizures.

(2) DURATION: One year — between January 2021 to December 2021
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(3) Inclusion criteria:
1. Patients referred with variety of clinical indicais including stroke,
infections, brain tumors, brain hemorrhage, heaglach

2. Patients in the age group of 1day to 85 yearshailincluded in the study.
(4) Exclusion criteria:
1. Contraindications to MRI.

2. Patients with metallic medical implants (intraocutaetallic foreign body,
cardiac pace makers, MR non compatible intracradlipé of arterial brain

aneurysms).
3. Unfit patients for examination.
4. Patients who refused to do the examination.

(5) Methodology: Study will be done using a 3T MRI machine manufeeduby
Siemens. Standard scan protocol will be done fdhalpatients with any brain
pathology undergoing SWI MRI Sequence. Their SWgusace will be
evaluated and the findings on SWI will be noted andlyzed. Consent will be

taken from all patients.
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RESULTS

Table 1. Agewisedistribution of patients

Age groups No of patients % of patients
<lyr 5 3.50
1-10yrs 11 7.69
11-20yrs 10 6.99
21-30yrs 14 9.79
31-40yrs 17 11.89
41-50yrs 21 14.69
51-60yrs 22 15.38
61-70yrs 24 16.78
>=71yrs 19 13.29
Total 143 100.00
Mean 46.58
SD 22.07

In this study population, the mean age was 46.522.07 years.

Among the study population, 5 cases were less thgear of age (3.5 %), 11 (7.69

%) cases were aged 1-10 years , 10 (6.99 %) ca=esaged between 11-20 years, 14
(9.79 %) cases were aged 21-30 years, 17 (11.88a%6)s were aged between 31-40
years, 21 (14.69 %) cases were between 41-50 y22(4,5.38 %) cases aged 51-60
years, 24 (16.78 %) cases aged between 61-70 gedrd9 (13.29 %) cases aged

more than or equal to 70 years
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Graph 1: Agewisedistribution of patients:
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Table: 2 Gender wise distribution of patients

Gender No of patients % of patients
Male 102 71.33

Female 41 28.67
Total 143 100.00

Among the study population, 102 (71. 33%) were sialed remaining 41 (28.67 %)

were females.

Graph 2: Gender wisedistribution of patients
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Table 3: Duration of symptoms wise distribution of patients

Duration in months No of patients % of patients
<1month 109 76.22
1-5months 21 14.69
>=6months 13 9.09
Total 143 100.00

Among our study population, 76.22 % (109 cases) $yadptoms for less than one

month, followed by 14.69 % (21 cases) had sympttansnore than one month and

less than 5 months and 9.09 % (13 cases) had egmphore than 6 months.

Graph 3: Duration of symptoms wise distribution of patients

>=6months
9.09%

1-5months
14.69%

<lmonth
76.22%

Page 43



Results

Table 4: Co-morbiditieswise distribution of patients

Co-morbidities

No of patients

% of patients

Hypertension 46 32.17
Diabetic mellitus 26 18.18
Myocardial infraction 22 15.38

Among the study population, the most common co-mdisbwas hypertension in 46

cases (32.17 %) followed by diabetes mellitus Bhcases (18.18 %) and myocardial

infarction in 22 cases (15.38 %). Few of the absubjects (28 cases) were

associated with more than one co-morbidities Resteosubjects, 78 out of 143 (54.5

%) were not associated with any co-morbidities.

Graph 4 : Co-morbiditieswise distribution of patients
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Table 5: Underlying cause wise distribution of patients

Underlying cause

No of patients

% of patients

Nonvascular 78 54.55
Vascular 65 45.45
Total 143 100.00

Among the study population, the underlying casé¢hefpathology was non-vascular

in 78 cases (54.55 %) and vascular in 65 case4545).

Graph 5: Underlying cause wise distribution of patients
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Table 6: Supra/ Infratentorial wise distribution of patients

Underlying cause No of patients % of patients
Infratentorial 16 11.19
Supra 125 87.41
Both 2 1.40
Total 143 100.00

Among the study population, the pathology was ledan the supratentorial brain
paren chyma in 125 cases (87.41 %) and infratexttbrain parenchyma in 16 cases

(11.19 %) and both in 2 cases (1.40 %).

Graph 6: Supra/ Infratentorial wise distribution of patients
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Table 7: MRI sequences (T1) wise distribution of patients

MRI sequences (T1) No of patients % of patients
Hyper 61 42.66
Hypo 58 40.56
ISO 20 13.99
Mixed 2 1.40
NA 2 1.40
Total 143 100.00

Among the study population, 61lcases (42.66 %) hadhyperintensity, 58 cases
(40.56 %) were hypointense on T1, 20 cases (13)9@éfe isointense on T1, 2 cases

(1.40 %) showed mixed intensity and 2 cases (1.38&d no obvious signal intensity

on T1.

Graph 7: MRI sequences (T1) wisedistribution of patients
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Table 8: MRI sequences (T2) wise distribution of patients

MRI sequences (T2) No of patients % of patients
Hyper 75 52.45
Hypo 48 33.57
ISO 4 2.80
Mixed 10 6.99
NA 6 4.20
Total 143 100.00

Among the study population, 75 cases (52.45 %) skoW2 hyperintensity, 48 cases
(33.57 %) showed T2 hypointensity, 4 cases (2.8GRBé)ed isointensity on T2, 10

cases (6.99 %) showed mixed intensity on T2 andse< (4.20 %) had no signal

abnormality on T2.

Graph 8: MRI sequences (T2) wise distribution of patients
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Results

Table 9: SWI wisedistribution of patients

SWI No of patients % of patients
Yes 143 100.00
No 0 0.00

Total 143 100.00

Since our study is based on clinical applicatiohSWI| as an added sequence, only
the patients with blooming on SWI were consideredsabjects, hence all 143

subjects had blooming on SWI.

Table 10: Phase wise distribution of patients

Phase No of patients % of patients
Yes 108 75.52

No 35 24.47
Total 143 100.00

Among our study population, 108 cases (75.52 %) ingzbintensity on SWI had
hyperintensity oh phase suggestive of bleed/ hatedsi and 35 cases (24.48 %)
which had hypointensity on SWI had hypointensitypimase as well suggestive of

calcium.
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Table 11: MRI findingswise distribution of patients

MRI findings No of patients % of patients
Bleed 82 57.34
Calcium 35 24.48
Hemosiderin 26 18.18
Total 143 100.00

Among the study population, 82 cases (57.34 %) hladd followed by 35 cases
(24.48 %) and 26 cases (18.18) had hemosiderindbase the MRI findings

predominantly depending on SWI & Phase sequences.

Graph 9: MRI findings wise distribution of patients
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Results

Table 12: Patients with presence of hypointensity (SWI) and (Phase)

Patients with Patients with No of patients % ofiguats

Blooming (SWI) Calcium 35 24.48

Blooming (Phase)

Table 13: Patients with presence of hypointensity (SWI) and hyperintensity

(Phase)
Patients with Patients with No of patients % ofiquats
Blooming (SWI) Bleed/ 108 75.52
Hemosiderin
Non-blooming (Phase)

The cases with bleed and hemosiderin both had higime blooming on SWI and
hyperintensity on Phase and they are differentidiedorrelating with T1 & T2 and
clinical history. In our study in most of the casare had seen that hemosiderin (iron)
deposition was seen as T2 hypointensity, howevefew cases like PKAN, T2
hyperintensity was noted due to gliosis and spaigjithat is surrounded by a low

signal intensity caused by iron accumulation.
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Results

Table 14: Provisional diagnosis wise distribution of patients

Provisional diagnosis No of patient % of patient
Hemorrhagic tranfromation of infarct 10 6.99
Cerebral venous thrombosis 13 9.09
Trauma Bleed 6 4.20
Infective Etiology 15 10.49
Iron (Hemosiderin) deposition 26 18.18
Vascular malformations 6 4.20
Developmental venous anomaly 2 1.40
Aneurysm 4 2.80
Neurodegenerative disorders 7 4.90
Brain tumors 31 21.68
Hyper tensive microangiopathy 5 3.50
Intraparenchymel hemorrhage 10 6.99
Neuro cutaneous syndrome 3 2.10
Moya Moya disease 2 1.40
Acute Necrotizing hemorrhagic encephalopathy 2 1.40
Lentiform nucleus calcification 1 0.70
Colloid cyst 1 0.70
Peri callosal lipoma 2 1.40
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Results

The above mentioned table demonstrates variousosag which are made during

this study along with the number of patients uredssh diagnosis.

Among the study population, the highest number afes with pathology on SWI

were of brain tumor i.e; 31 cases (21.68 %)

Among the study population with hemosiderin , feagses were included both under
their primary diagnosis and under hemosiderin dépas For example, multiple
sclerosis was included both in neurodegeneratisorders and in hemosiderin

deposition.

Graph 10: Provisional diagnosis wise distribution of patients
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Results

Table 15: Cerebral venous thrombosis wise distribution of patients

Cerebral venous thrombosis No of patients % ofepddi
Hemorrhagic venous infarct 6 46.15

No hemorrhagic only venous thrombosis 7 53.85
Total 13 100.00

In our study population, a total of 13 cases oEbaal venous thrombosis were noted
out of which 6 cases (46.15 %) were of hemorrhagioous infarct and 7 cases

(53.85 %) did not have hemorrhagic component.

Graph 11: Cerebral venousthrombosis wise distribution of patients
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Results

Table 16: Infective Etiology wise distribution of patients

Infective Etiology No of patients % of patients
Tubercular Etiology 8 53.33
Neuro cysticercosis 6 40.00

Cerebral abscess 1 6.67

Total 15 100.00

In the study population, a total of 15 cases oédtibn were noted, out of which 8
cases (53.33 %) were of tubercular etiology, 6 £aé#0.00 %) were of

neurocysticercosis and one case (6.67 %) wasreb abscess.

Graph 12: Infective Etiology wise distribution of patients
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Results

Table 17: Vascular malfor mations wise distribution of patients

Vascular malformations No of patients % of patients
Arterio venous malformation 3 50.00
Cavernous malformation 3 50.00
Total 6 100.00

A total of 6 cases of vascular malformations wested in this study and among the 3
cases (50.00 %) were arterio-venous malformatiod ancases (50.00 %) were

cavernous malformation.

Graph 13: Vascular malfor mations wise distribution of patients
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Results

Table 18: Aneurysm wisedistribution of patients

Aneurysm No of patients % of patients
Ruptured Aneurysm 1 25.00
Unreptured Aneurysm 3 75.00
Total 4 100.00

Among the study population, 4 cases of aneurysne weted out of which one case
(25.00 %) was ruptured aneurysm and the rest tases (75.00 %) were unruptured

aneurysms.

Graph 14: Aneurysm wise distribution of patients
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Results

Table 19: Neurodegener ative disorder swise distribution of patients

Neurodegenerative disorders No of patients % aéptd

Multiple scalerosis 2 28.57
Neuro-degeneration with iron accumulations 1 14.29

Panthotenate kinase associated Neuro-degeneration 1 14.29

Parkinsons 1 14.29

Demyelinating plaques 1 14.29
Multi system atrophy predominant putamen 1 14.29

Total 7 100.00

Among the study population, a total of 7 (28.57 A&urodegenerative cases were
noted, out of which 2 were cases of multiple sdioone (14.29 %) was case of
neuro-degeneration with iron accumulation, one 294%) was case of pathotenate
kinase associated neurodegeneration, one (14.28a%)xase of parkinson’s disease,

one (14.29 %) was case of demyelinating plaquescered(14.29 %) was case of

multisystem atrophy-predominent putamen.

Graph 15: Neur odegener ative disor der swise distribution of patients
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Results

Table 20: Brain tumorswise distribution of patients

Brain tumors No of patients % of patients
Hemorrhage within tumor 17 54.84
Calcium within tumor 12 38.71
Hemosiderin within tumor 2 6.45
Total 31 100.00

In this study, about 31 cases of brain tumors wdrserved and in that 17 cases
(54.84 %) had hemorrhage within the lesion, 12 £488.71 %) had calcium within

the lesion and 2 cases (6.45 %) had hemosiderinnite lesion.

Graph 16: Brain tumor swise distribution of patients
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Results

Table 21: Neur o cutaneous syndrome wise distribution of patients

L

Neuro utaneous syndrome No of patients % of patien
Tuberous sclerosis 2 66.67
Sturge weber syndrome 1 33.33
Total 3 100.00

In this study, note was made of 3 neurocutaneoodreyne cases, out of which 2

cases (66.67 %) were of tuberous sclerosis and 3383 %) was of sturge weber

syndrome.

Graph 17: Neur o cutaneous syndrome wise distribution of patients
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DISCUSSION

The purpose of this study was to investigate tleeagheutic uses and benefits
of SWI as an additional sequence to the usual atdreequences of the MRI protocol
in patients with neurological symptofff¢’*®! In the present study, the sample size

was 143, but in previous studies the sample sizgei from 45 to 200.

A thorough clinical history, severity of symptoma)d comorbidities were
recorded. In this study, the mean age of the ppatits was 46.58 years, with a
standard deviation of 22.07 years; however, thitedabetween investigations based
on disease and neurological deficiency. This rete@ comparable to one done by

Radwan MM et al. with a mean age of*45

The majority of the participants in the study bejed to age group of 61-70
(16.78 %) years followed by 51-60 years (15.38%hgdaeast number of participants

in the study belonged to the age group of less thgear (3.50 %).

In the present study males outnumbered femalesr(i#@s with 71.33 % and
41 males with 28.67 %) similar to the study condddby Guna singh M et al. which
constituted 71 % of males and 29 % of femaleseim more similar studies as well

male predominance was nofét

The purpose of this study was to determine theotagical significance of
SWI as an addition to traditional MR sequencesidling us to detect disease with
more precision, which is crucial for patient caB&eed, calcium, and iron in the form
of hemosiderin are the top three substances lste8WI. We detected 84 (58.7%)
instances of bleeding, 33 (23.1%) instances ofiw@alcand 26 (18.1%) instances of

hemosiderin in the current study.
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The majority of the participants, 125 (87.41%), hpdthology in the
supratentorial brain parenchyma, while 16 (11.19%@d pathology in the
infratentorial brain parenchyma, and 2 (1.40%) mmadhology in both supra &

infratentorial brain parenchyma.

In this study, neurological diseases were claskifis either vascular or non-
vascular. Approximately 78 people (54.55%) had a-vascular aetiology, whereas

65 participants (45.5%) had a vascular abnormality.

In a research by Elnekeidy AE et al., SWI sequemsealed hemorrhagic
transformation of infarct in 10 out of 50 patien®0.0%), in our investigation,
hemorrhagic transformation was found in 10 out @3 lparticipants (6.9%).
Therefore, SWI is a precise sequence that aidserdiagnosis of early hemorrhagic

change of infarct in stroke patients, which migatdverlooked by CT sc&f.

In our study, about 13 (9.09%) of 143 patients l@aebral venous
thrombosis, and 6 (46.1%) had hemorrhagic vendasadton. SWI is extraordinarily
sensitive to even minute quantities of paramagnatimpounds due to its intrinsic
sensitivity, enhanced spatial resolution, and thirslices obtained. SWI provides a
distinct contrast, comparable to blood oxygen lesependent (BOLD) imaging,

which is commonly utilised in functional imaginb.

Six (4.2%) of the 143 people in our study had aoys of trauma that
manifested as subdural hematoma, hemorrhagic dontysand extradural hematoma
on the SWI sequence. Eld&. et al. conducted a similar study on the impuréaof
SWI in mild traumatic brain injury (mTBI) in whicl7 of 58 participants with a

history of trauma revealed microhemorrhages on Skdwever, 5 of those 7
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participants had hyperintensity on conventional ueeges of MRI and in the
remaining 2 participants, the bleed was only saei$¥/| sequences, demonstrating
the importance of SWI in cases of mild trauma. S§\d technology that exploits the
differential in magnetic sensitivity across tissugpes. SWI can detect
microhemorrhage sites linked to DAI six times meemnsitively than standard MRI
sequences. There is a need for sequences thateroem standard sequences and aid

in diagnosing mild traumatic brain injurfe&

In the present study, about 15 (10.4%) of 143 indizls developed brain
infections, of which 8 (53.3%) cases were of tubkxc aetiology (tuberculoma,
tuberculous meningitis, and calcified granuloma), (40.0%) cases were of
neurocysticercosis, and 1 (6.66%) case was of cdrabscess. In these situations,
SWI was primarily employed to illustrate calcifizats within these important ring-

enhancing lesions (tuberculomas and neurocystises)co

Lai PH, Chang HC, et al. conducted a research opatiénts with pyogenic
brain abscess. SWI phase images in 6 subjectsatedienoderate hypointensity, in 3
subjects indicated iso-intensity, and a mixtureiso- and mild hypointensity in 5
subjects. The study concluded that SWI phase ingaggmonstrates the existence of
paramagnetic compounds consistent with free raglitam phagocytosis. SWI may

provide crucial new information for characterisijgpgenic brain absces&és

In the current study, 26 (18.2%) of 143 subjectgehaon (in the form of
hemosiderin) accumulation in the brain parenchymm td various causes, including
neurodegeneration, old history of trauma, gliosighwhemosiderin deposition,
hemosiderin within a brain space-occupying lesiand chronic intraparenchymal

haemorrhage. Iron buildup is typically observed neurodegenerative disease
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patients. Hagemeier J et al. found in their ingsgion that SWI is capable of
recognising tissues impacted by iron depositionfeastin, deoxyhemoglobin, or
hemosiderin. This was employed in a recent study fiound significant iron content
variations between multiple sclerosis (MS) patierid healthy controls in subcortical
deep grey matter (SDGM). An SWiI-filtered phase tegbe offers significant
methodological benefits over T2 hypointensity aaldxometry measures, since it is
more sensitive to identify tissue changes thatsgneptomatic of iron. Without SWiI,
T2 hypointensity is considered as straight-forwasy to diagnose iron deposition,
but now with advanced MR sequences like SWI, tlagmibsis of iron deposition in
brain has become more accuftelowever, in our study in few cases of hemosiderin
deposition such as lacunar infarct with hemosidex@mebral abscess and gliosis with
hemosiderin there was no T2 hypointensity likelyedo the underlying primary
pathology which is seen as T2 hyperintensity (eXamgliosis which is the primary
diagnosis of the patient is seen as T2 hyperiyjeditowever in such cases SWI
played a crucial role in the visualization of herdesin which was not seen on T2.

Clinical history of the patient also plays an imtpot role in such casés.

The current study found that out of 143 particiga®t (4.1% of the total) had
vascular malformations, 3 of which were arteriomas malformations and 3 were

cavernous malformations that were not easily wsiing standard MRI sequences.

SWI is accurate in diagnosing arteriovenous shgnitnvascular malformations of
the brain, and for some patients, it may help asoa-invasive alternative to
angiography in screening for or diagnosing vascutatformations of the brafh

This was shown in a retrospective study by JagaaeBB et al., who found that SWI
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was 93% sensitive and 98% specific for the detactad AVS in vascular

malformations of brain (BVMS$)".

Sultan AY's research indicated that SWI is extrgmsénsitive in the
diagnosis and identification of the correct numbkvascular malformations such as
cavernomas than conventional MRI and in his studgribsing cavernoma using the

help of SWI, had a sensitivity of 100%, specifiaiy60%, and accuracy of 91.9%

Only two people out of 143 in our sample exhibitedevelopmental venous
abnormality (DVA), but the SWI sequence revealaghificant sensitivity to blood
via susceptibility dephasing effects inside thenseipaving the way for precise
diagnosis, grading, and follow-up of these abnoitieal In DVA, a group of veins
was arranged in a "spoke-wheel" or "caput medupatern. Abdelgawad MS found
that, compared to other non-contrast MR sequer#®®4, had a significantly higher
sensitivity and specificity for DVA detection, rang from 96.6 to 100%. SWI also
had a significantly higher positive predictive val@PPV) of about 96.66% and a
significantly higher negative predictive value (NPWYf about 93.1%. This study
found that compared to other non-contrast MR secpgen SWI demonstrated
outstanding DVA demonstration, with much greaters#téevity, specificity, PPV, and
NPV. The SWI diagnosis of DVA identifies as a sigwaid lesion with the normal

cerebral vein&®,

Out of 143 patients, we found that 4 (2.79%) hagluaysms, with 1 of those
instances being a burst aneurysm. The term "anelryefers to a localised,
abnormal widening of a blood vessel. CT angiographythe gold standard for
diagnosis, however MR imaging with additional setpes like SWI also provides

information about aneurysms by revealing hypoirgefdooming on the SWI

Page 65



Discussion

sequence and allowing for the detection of calcwithin the aneurysm on the Phase
sequence. Subarachnoid haemorrhage, which may édooked on standard MR

sequences, can be diagnosed using SWI in caseupfuaed aneurysm.

Seven participants (4.9% of the total) had diagsoske neurodegenerative
disease; two had multiple sclerosis, one had negederation with iron
accumulation, one had panthotenate kinase asstamgerodegeneration (PKAN),
one had Parkinson's disease, one had demyelinglegues, and one case of
multisystem atrophy-predominant putamen (MSA-P) wated. Our research shows
that SWI may be used to identify diagnostic sigke tapid iron deposition and/or
microhemorrhages in brain parenchyma, which areketin to numerous

neurodegenerative pathologies.

The basic concept of SWI is that signals from gsswith different magnetic
susceptibilities compared to their adjacent neigiing tissue will appear out of
phase if the echo time is long enough, as wasdstata similar study by Sotoudeh H
et al. on the role of SWI in evaluating neurodegatiee disorders in daily practise.
In Parkinson’s syndrome an aberrant swallow tagjhss a valuable marker with a
100% sensitivity and negative predictive value, 98@&cificity, and 69% positive
predictive value. Susceptibility artefact (poorre&d) in iron deposition locations is

seen on SWI scans of individuals with PKEBN

The MSA-P is the most well-known marker for Parkin's disease. Putaminal
atrophy was found in 51.9% of patients with parkimsm-predominant multiple
system atrophy, and it was most common in the tamdh putamen. Hwang |
concluded his study by noting that SWI can shovamimal atrophy and significant

signal hypointensity with high specificity, and ththis demonstrates the dominant
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side of putaminal changes, which correlate withdbmetralateral symptomatic side of

patient§”.

Classification of brain tumours can benefit from IS¥ihce it enables the
detection of hemorrhagic and calcified foci instdenours and the evaluation of the
tumours' intricate internal angioarchitecture. Warfd that 31 people, or 21.6%, out
of 143 had brain tumours, and that among those&tiplp, 17 (54.8%) had blood
inside the lesion, 12 (38.7%) had calcium inside lésion, and 2 (6.4%) contained
hemosiderin. Whether the lesion contains blood;igal, or hemosiderin, using SWI

played a crucial role in determining the correetgiosis.

Sehgal V. et al. found that in a subgroup of 38epd&$, SWI provided more
useful information than conventional T1-weightedstieontrast pictures for viewing
blood products and venous vasculature, respecfiVelJhe research also noted that
SWI displayed a beneficial FLAIR-like contrast asdpplemented the information
given by traditional T1 postcontrast sequencesri®sg the internal architecture of
the lesions, in addition to being significantly mosensitive for revealing blood

products and venous vasculattife

Zulfigar M. conducted a study on the detectionmbfatumoral calcification in
oligodendrogliomas using SWI, and found that coragao paired data of MR with
SWI and MR without SWI, the sensitivity of MR wiBWI (86%) was significantly
higher for the detection of intratumoral calcificet in oligodendrogoma (by using

CT as the criterion standaltf.
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Additionally, SWI can differentiate between vestdyuschwannomas and
cerebellopontine angle meningiomas. Schwannomdgseumeningiomas, produce

microhemorrhagé¥.

Only five out of 143 patients in this raseh had hypertensive microangiopathy,
detected by SWI as the main sequence, which masifissa loss of signal or blodtn
Multiple silent cerebral microhemorrhages, which aot readily apparent on regular
CT and conventional MR sequences, have been asseiith hypertensive cerebral
angiopathy. A hypertensive intracerebral hematosanore likely to occur in the
thalamus, basal ganglia, cerebellum, and ponsithéime cortex, as is the case with
congophilic amyloid angiopatf{!. A risk factor for the development of later
intracerebral macrohematomas/lobar haemorrhagessndie diagnosis of these

microhemorrhages crucidi.

Out of 143 participants, 10 developed intraparen@iyhaemorrhage, which
was identified as a dark blooming impact on SWiusege. The SWI offered the
diagnosis an extra benefit to confirm the diagnasihvaemorrhage, therefore aiding
in boosting the diagnostic accuracy, even if irstheases IPH was also observed on
traditional sequences, with intensity varied acowydto the age of the bleed.
Researchers Punitha P et al. found that utilidgnegSWI sequence was more sensitive
than using the GRE for detecting cerebral bleedmgndividuals with amyloid

angiopath{f?.

In addition, Lee YJ et al. found that the phaseugadf the SWI varied in a

predictable fashion based on the hemorrhage's csewerity, and duratiéhi.
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Discussion

Two instances of tuberous sclerosis and one castuaje weber syndrome
(SWS)were identified in our analysis as neurocutasesyndromes. Multiple cortical
and subcortical tubers, some of which are calcifeedl appear as hypointense
blooming on SWI and phase sequences, are chasdict@f tuberous sclerosis. There
is a low risk of malignancy in these cortical tufyarhich are hamartomatous lesions.
The frontal lobes are the most prevalent locatmntifiese lesions, followed by the

parietal, occipital, and temporal regi§is

Multiple areas of hypointensity in the subcorticagjions were seen in both
SWI and phase sequences, which we attributed tifications, a diagnostic feature
of sturge-weber syndrome. When comparing MR SWtdaventional T1 contrast
MRI in characterising brain abnormalities of SW$Sy B found that SWI was more
effective than T1-Gd in detecting enlarged transmiad/ veins, abnormal
periventricular veins, cortical gyriform abnormegdg, and grey matter/white matter
junction abnormaliti€&”. When it came to detecting enlarged choroid pleand
leptomeningeal abnormalities, however, T1-Gd wagsesar than SWI. The study
concluded saying that SWI can give important anduainformation supplementary

to conventional contrast enhanced T1 weighted MRHEfining SWE?.

Moya-moya disease (MMD) is a rare cerebrovascuterdition defined by
stenosis of the distal most bilateral internal tdrarteries, which causes formation of

a compensatory network of perforating blood vessalled Moyamoya vessé&t.

Throughout our research, we came across 2 cas&vidd in which SWI
revealed strong hypointense blooming signals indifa@ning veins within regions of

poor perfusion indicating increased visibility oéims in that region, as a result.
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Discussion

However, Digital subtraction angiography is the dystandard for diagnosing and

evaluating MMD at the moméft.

Few other cases were seen in this investigatiomhich SWI was crucial to
making a diagnosis, including lentiform nucleus caation, colloid cyst,

pericallosal lipoma, and acute necrotizing hemaitancephalopathy.
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Conclusion

CONCLUSION:

SWI is based on a magnetic susceptibility difference of various substances such as
deoxyhemoglobin, blood, calcium and iron.

Sample size in this study was 143.

Mean age in the study population was 46.58+-22.07

In this study males outnumbered females (71.33 % vs 28.67 % respectively)

In our study headache was the most common symptom followed by seizures.
Among the study population, maximum number of cases observed were brain
tumorsi.e; 31 cases (21.68 %).
Among 143 participants, hemorrhage was present in 82 cases (57.34 %), calcium
was noted in 35 cases (24.48 %) and hemosiderin was noted in 26 cases
(18.18 %).
Observing al the conventional MRI sequences along with advanced sequences
like SWI in neuroimaging, following points were noted in this study:

(@) This study has observed that SWI is very useful in detecting micro as
well as macrohemorrhages with great accuracy as compared to
conventional sequenceslike T1.

(b) Few microhemorrhages, calcium and iron deposition which did not show
any abnormality in convetional MR sequences were noted using SWI.

(c) SWI has helped to differentiate between calcium and hemorrhage using
Phase as an addition.

(d) SWI was helpful in characterization of brain tumors which helped to

narrow down the differential diagnosis
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Conclusion

(e) SWI shed light on few neurodegenerative disorders in a more rigorous
manner by assessing the brain iron accumulation

(f) SWI gave an added accuracy in the diagnosis of vascular and ischemic
conditions which has hemorrhagic transformation

(@) SWI helped in proving additiona information in characterizing neuro
infections.

(h) SWI has aso played a key role in the detection of developmental venous
anomaly, aneurysms, microangiopathies, intraparenchymal hemorrhage,

neurocutaneous syndromes and so on.

Thus, in this study we observed that SWI is a very useful imaging sequence
with a variety of clinical application and should be included in routine MRI protocol

for increasing the accuracy of the final diagnosis.
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Limitations

LIMITATIONS

. In unstable patients and in patients with claustrophobia the quality of the
Images was poor

. MRI brain is an expensive investigation as compared to CT

. MRI brain is atime-consuming investigation in case of emergencies

. Due to limited sample size, further characterization of few of the cases was
not possible.

. Future multi-centric studies involving a large sample size and the use of
randomized sampling techniques could increase the validity of the results and
can further help in generating clinical and radiological evidence for making

recommendations in the day-to-day practice.
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Summary

SUMMARY

The study was a prospective cross-sectional study.

143 cases were included in the study with neurological symptoms after observing
theinclusion and exclusion criteria

SWI sequence was including in al these MRI brain studies aong with
conventional MR sequences.

The main purpose of the study was to understand the uses and applications of SWi
as an added advantage to the conventional sequences to narrow the differential
diagnosis and to cometo afinal diagnosis.

Susceptibility-weighted imaging (SWI1) is a new neuroimaging technique.

There are multiple neurologic conditions that can be benefitted dramatically
through a very sensitive technique that monitors the bleed, calcium and amount of
iron, whether in the form of deoxyhemoglobin, ferritin, or hemosiderin.

SWI combines gradient-echo techniques with phase information to make images
that are superior and complementary to other methods for resolving hemorrhage,
venous vasculature, and iron

Among the study population, the number of patients with brain tumors, stroke,
cerebral venous thrombosis, hypertension, neurodegenerative disorders, vascular
malformations, trauma and brain infections were noted.

The cases which showed hypointense blooming on SWI and hyperintense
blooming on phase indicate bleed/ hemosiderin.

The cases with hypointense blooming on SWI and hypointensity on phase as well
indicated calcium.

Bleed and hemosiderin can be further differentiated based on T1 & T2 sequences.
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Summary

Among the patients with the above diagnosis the cases with bleed, calcium and
hemosiderin were noted.

About 82 cases (57.34 %) showed bleed, 53 cases (24.48 %) showed calcium and
26 cases (18.18 %) showed hemosiderin deposition in the brain parenchyma.

The highest number of cases noted were brain tumors i.e; 31 cases (21.68 %) .

In this study SWI and phase helped to diagonise various neurological conditions
related to hemorrhage, calcium and iron deposition.

In case of brain tumours the presence of haemorrhage or calcium is of significant
importance to narrowed down the differentials such as oligodendroglioma which
contain calcifications.

SWI aso played a significantly important role in the diagnosis of microbleeds
which in future may cause intraparenchymal hemorrhage.

SWI played a key role in the diagnosis of chronic hemorrhage which can be
missed om conventional sequences.

SWI helped in the diagnosis of various neurodegenerative disorders which contain
iron deposition.

In cases like various vascular malformations such as cavernoma, it is difficult to
diagnose without SWI sequence.

In cases of vascular territory based stroke SWI showed blooming of the
thrombosed vessel.

SWI was aso useful in cases of hemorrhagic transformation of infarct and
hemorrhagic venous infarct.

It was useful in cases with tiny focal findings such as lentiform nucleus

calcifications and calcifications in lipoma
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Summary

Hence, the study highlighted the significance of SWI in MRI brain and its use in

making the fina diagnosis and it should be added to the conventiona MR

sequencesin al the cases.

While SWI has not replaced conventional MRI sequences, it provides clinically

relevant information.
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ANNEXURE — I -CONSENT FORM

TITLE OF THE STUDY: “CLINICAL APPLICATIONS OF SUSCEPTIBILIT Y
- WEIGHTED MAGNETIC RESONANCE IMAGING AMONG PATIENTS
WITH NEUROGICAL DISORDERS AT 3T MRI- A HOSPITAL BASED
CROSS SECTIONAL STUDY”

PRINCIPAL INVESTIGATOR: Dr.

INTRODUCTION AND PURPOSE: The advent of high resolution SWI, the
current tool, has significantly increased the chances of identifying a cassking in

a positive clinical impact on the management of the patients with microbleeds in
ageing and occult low-flow vascular malformations, in characterizing bxamors

and degenerative diseases of the brain, and in recognizing calcificationsiaus/ar
pathological conditions, for high-resolution venous anatomy, evaluation of tissue
susceptibility and cerebro vascular diseases. SWI will help in edidgnosis and

allow for a better and early treatment plan.

PROCEDURE: | request you to kindly participate in the study titled study
“CLINICAL APPLICATIONS OF SUSCEPTIBILITY-WEIGHTED
MAGNETIC RESONANCE IMAGING AMONG PATIENTS WITH
NEUROGICAL DISORDERS AT 3T MRI- A HOSPITAL BASED CROSS
SECTIONAL STUDY” at Dr. Prabhakar Kore Charitable Hospital and Medical
Research Centre, Belgaum” is being conducted by Dr. Post
Graduate in Radio-Diagnosis at J. N. Medical College Behgalarnataka,

under the guidance @R. Professor, Dept. of Radio-Diagnosis, J.

N. Medical College, Belgaum.
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We request you to participate in this study as you are elgyitd be
included. During the study you will be asked questions rdgay your present
and past medical history and you will be required to answeth®best of your
knowledge. You will also be clinically examined as per thetpcol drawn.

Study will be conducted over a period of one year. Once theepasigns
the informed consent history and examination will be reearrds per proforma.

Magnetic resonance imaging (MRI) uses a large magnet and reaves
to look at organs and structures inside your body. You willéhéo undertake an
MRI scan which is done in a closed environment. During thensgau lie on a
table that slides inside a tunnel-shaped machine. Doingstlam can take a long
time, and you must stay still. The scan is painless. The MR¢hiree makes a lot
of noise.

If you agree to participate in the study, please furnish thetaills

pertaining to the study.

BENEFITS: Results will help in early diagnosis of the disease in patenmith
calcification CVT abscess, developmental venous anomlyltiple sclerosis
tumors, etc..., and hence allow for a better and early treatnpan. Non

invasive, cost effective modality

COMPLICATIONS: No risk to the patient has been documented from SWI

conducted earlier.

RISKS: No risks have been documented so far.
ALTERNATIVES: If patient is not willing to take part in the study, his / her
treatment or any other further investigations the patieants to undergo, in

future, in KLE will not be affected by his / her decision.
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VOLUNTARY PARTICIPATION/WITHDRAWAL.: Taking part in this study
is voluntary. | may choose not to take part in this study, drdécide to take part
| can later change my mind and withdraw from the study. My diexi will not
change the present or future health care or other servicasItheceive. The
study doctor or the sponsor may stop my participation in gtigdy. | will tell if
any important new findings that may change my willingnessdaatinue to take
part. If | choose not to take part in the study | will receive thtandard treatment

for patients with my condition.

COSTS: NIL (The study is to be conducted on the participants who ahased
for SWI as an investigation by the referring consultant amel participants will

bear the charges for it).

PAYMENT FOR PARTICIPATION: No incentive will be paid to you for

participating in this study.

COMPENSATION: In the event that | become injured as a result of taking part
in this study, treatment whatever available at KLE Chatgabospital, Belagavi,
will be offered to me. No reimbursement, compensation oe fngedical care is
given.

CONFIDENTIALITY: All information collected about me during the course of
the study will be kept confidential to the extent permittedtbe law. The code
numbers will identify me in this research record. Infornoatifrom this study

may be published but my identity will be confidential in anylpication.
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QUESTION: If any enquiries in the future or in case of research relatgdry

illness, you may contact following person.

DR. HARSHA HEGDE,

CHAIRPERSON,
JNMC, IEC & Scientist D,
ICMR, NATIONAL INSTITUTE
OF TRADITIONAL MEDICENE,

BELAGAVI

Ph. No: 9480422500
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CONSENT TO PARTICIPATE IN RESEARCH STUDY:

1.

| understand that | am participating in the study, whiclcludes
Susceptibility-Weighted Imaging Beyond Hemorrhage

| confirm that | have read and understood the informatiorthie patient
information sheet. Procedure is explained to me in detangl with

information about the advantages and disadvantages afggtart in the
study. | have been given the opportunity to discuss all aspefcthe trial,
to ask questions and hereby consent to participation in rila¢ dutlined

above.

| understand that the decision to take part in this studgampletely
voluntary and | am aware that | can choose to withdraw fromstuely at
any point of time.

| consent to the photographing or recording of the procedio be
performed including appropriate portions of my body, for dival,

scientific or educational purposes provided my identitywag revealed in
the pictures or by the descriptive texts accompanying them.

| understand that there is no significant risk involvedtire test that
would be done in this study.

No guarantee or assurance has been given by anyone asresthts that
may be obtained.

My signature on this form signifies that | have willinglyecided to

participate after understanding the above information.
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Participant’s Name/ legally authorized

representative

Signature

Name and signature of witness

Name and signature of interviewer

Date:

Place:
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ANNEXURE - Il -PROFORMA

NAME

AGE

ADDRESS

OP/IP NO

MRI NUMBER:

CHIEF COMPLAINTS:

HISTORY OF PRESENTING ILLNESS:
PAST HISTORY:

FAMILY HISTORY:

MRI:

Blooming on SWI sequence:

Type of blooming on Phase: hypointense/ hyperintense

Signal intensity on T1 weighted imaging:

Signal intensity on T2 weighted imaging:

Region of blooming on SWI:
Associated Parenchymal abnormalities:
»> Edema
» Cortical veins blooming
» Hypertensive changes

» Age related changes

Page 92



Annexures

ANNEXURE - Il - PHOTOGRAPHS

PHOTOGRAPH OF CASES

CASE 1: 17 years old male presented with confusion and new onset seizures
since 4 days.

A well-defined rounded lesion in the right temporal region which shows hyperiatens

blooming on SWI and Phase sequences suggestive of cavernoma.
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CASE 2: A 83 year old presented with blurring of vision and bilateral lower
limb weakness since 4 days
SWI and Phase sequences shows hyperintense blooming (bleed) with areas of infarc

in right frontal region of conventional MRI sequences suggestive of infarct with

hemorrhagic transformation.
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CASE 3: A 45 year old female presented with a history of seizures sincedays
A well defined rounded lesion was seen in the right temporal region which shows

hyperintense blooming on SWI and hypointensity on Phase (calcium). The lesson wa

seen to have scolex on T2 images suggestive of neurocysticercosis.
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CASE 4: A 8 year old male presented with dementia, rigidity and dysarthra
since 8 days
There is seen symmetrical blooming on hyperintense SWI sequence in dilater
globus pallidi (eye of tiger appearance) suggestive of hemosiderin depositioinsee

pantothenate kinase associate neurodegeneration (PKAN)
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CASE 5: A 13 year old male case had port wine stain and seizures since 3 years.
Hyperintense blooming on SWI noted in the subcortical region of left parietal and
occipital region which shows hypointense blooming on phase sequende

(calcificantion)...based on the above mentioned history and MRI findings the case

was diagnosed as sturge weber syndrome.
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CASE 6: A 60 year old male subject had a history of hypertension since last 6
years

SWI and Phase images shows a focal area of hyperintense blooming (bleed) in the

pons suggestive of hypertensive microangiopathy

Page 98



Annexures

CASE 7: A 18 year of female presented with history of head and seizures sia
17 days
Focal area of hyperintense blooming on SWI and hypointense blooming on Phase
images (calcium) is seen in the left high frontal region, features fagothe

possibility of tuberculoma
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CASE 8: A one year old child presented with developmental delay of motor md
stones

Bunch of few veins noted in right cerebellar hemisphere (medusa head appearance)

likely to be developmental venous anomaly.
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CASE 9: A 68 year old male case had history of trauma 1 day ago

Areas of hyperintense blooming are seen in the left frontal region on both SWI &

Phase images (bleed) suggestive of hemorrhagic contusions.
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CASE 10: A 60 year male presented with headache and altered sensorium senc
20 days.
A well defined lesion was seen in the left fronto-parietal region which sttbareas

of hyperintense blooming on SWI & Phase images (bleed within the lesion).
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ANNEXURE - IV - KEY TO MASTERCHART

Hypointense blooming on SWI and hyperintense blooming on Phase indicating:
Bleed/Hemosiderin
Hypointense blooming on SWI and hypointense blooming on Phase indicating

calcium

HYPOINTENSE BLOOMING ON SWI COLUMN Y

HYPERINTENSE BLOOMING ON PHASE COLUMN Y

HYPOINTENSE BLOOMING ON PHASE COLUMN N

SUPRATENTORIAL BRAIN PARENCHYMA S

INFRATENTORIAL BRAIN PARENCHYMA |

YES +

NO -

HTN Hypertension

DM Diabetes mellitus

Ml Myocardial infarction

Male M

Female F
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T 71 T2 SWI| PHASE] MR FINDINGS
SNO| AGE _[SEX|MRINO CHIEF COMPLAINTS DURATION | CO-MORBIDITIES | UNDERLYING CAUSE | SUPRA/INFRATENTORIAL REGION PROV DIAG
VASCULAR | NONVASCULAR
1 46 F 25076 HEADACHE 1 month HTN - + S LEFT PARIETO-TERRAL GLIOBLASTOMA MULTFORME 1ISO HYPER Y Y BLEED
2 24 M 25088 DEMENTIA AND HEADACHE 15 days - + - S LEFTEINTIFORM NUCLEUS LACUNAR INFARCTS HYPO HYPER Y Y HEMOSIDEIN
3 28 M 25166 HEADCAHE AND BLURRING OF VISION 1 month - - + S LEFT FRONTO-TEMPORAL ANAPLASTIC ASTROCYTOMA HYPO YPER Y Y HEMOSIDERIN
4 11 M 27297 SEIZURES 15 DAYS - - + S BILATERAI}Z?ARFJE‘Q:LLAND LEFT TUBERCULOMA HYPO HYPER CALCIUM
BILATERAL PARASAGGITAL
5 47 M 27520 HEADACHE & SEIZURES 3 WEEKS DM - + S PARAFALCINE FRONTAL HIGH GRADE GLIOMA ISO MIXED Y Y BLEED
6 35 F 27556 GIDDINESS 2 MONTH - - + S BODY OF RIGHT LATBR VENTRICLE CENTRAL NEUROCYTOMA 1ISO HYPER Y N CALCIUM
7 48 M 27568 HEADACHE 20 DAYS - - + S RIGHT PARIETO-OCGTAL GLIOBLASTOMA MULTIFORME 1ISO MIXED Y Y BLEED
8 60 M 27334 GIDDINESS & IMBALANCE 4 HOURS HTN + - I MIDBRIN ON LEFT HYPERACUTE INFARCT IN MB & PON: - - Y Y BEED
9 75 F 20774 RIGHT SIDED WEAKNESS 9 HOURS| HTN & M1 + S LEFT FRONTAL & INSULAR LATE HYF:\AECR:%UF:\ER@TFARCT' LT - HYPER Y Y BLEED
HYPO WITH
10 42 F| 27062 SEIZURES 4DAYS - - N s RIGHT TEMPORAL NEUR®STICERCOSIS HYPO CENTRAL v| v CALCIUM
HYPERINTENSITY
SUBACUTE INFARCT WITH
1 45 M| 27126 LEFT SIDED WEAKNESS 3DAYS . + . s RIGHT ORTO-PARIETO-TEMPORAL | |, SUSACUTE NFARCT WM | Hvper HYPER | v BLEED
iF] 2 F | 27131 headache & vomiings 15 DAYS DM & MI - ¥ B GRIT FRONTAL HIGH GRADE GLIOMA AYPO MIXED Y v BLEED
13 60 M| 27152 HEADACHE & GIDDINESS 20 DAYS HTN - T S RIGHGANGLIOCAPSULAR GLIOBLASTOMA MULTFORME HYPO HYPER Y] v BLEED
BL F-P REGION, BL SYLVIAN FISSUES, TUBERCULAR MENINGITIS WITH
14 36 M | 27429 HEADACHE & COUGH 2 MONTHS| - - + A e ore HYPO HYPER Y| N CALCIUM
15 7 M| 27523 CONFUSION & NEW ONSET SEIZURES 4DAYS - v - B RIGHT TEMPORAL CAVERNOMA HYPER HYPO Y[ v BLEED
16 10 M | 27924 SEIZURES 2DAYS - - ¥ B BL GLOBUS PALLIDUS MINERAL DEPOSTION HYPO HYPER Y| N _| HEMOSIDERR
17 8 M| 28420 LOSS OF CONSIOUSNESS 2 HOURS - + . s LEFBPERIOR PARIETALREGION | ACUTE L“g;g:sﬁiggw"’m IS0 HYPO v| v BLEED
SUBACUTE INFARCT WITH
18 83 M| 28415 BLURRING OF VISION & BILATERAL LL WEAKNES 4DAYS M + . s BILATERAL FRONTAL M oy | HYPER HYPO v| v BLEED
MULTISYSTEM ATROPHY-
19 72 M| 28418 GENERALIZED WEAKNESS & HEADACHE 30 DAYS HTRIMI . + s PUTAMEN PREDOMINEATT PUTAMEN (MGA®) HYPO HYPO Y| N CALCIUM
20 50 M| 28412 HEADACHE & GIDDINESS 25 DAYS FITN & DM , T B EFT HIGH FRONTAL CALCIFIED MENINGIOMA HAYPO HYPER v CACIUM
21 65 M| 28300 GIDDINESS 7DAYS DM + - s RIGHT ANTERIOFEMPORAL GL'OS'SE;'["E'FTSS":EI'S(,\)‘S'DER'N HYPO HYPER Y| Y | HEMOSIDERIN
2 7] W 7 PINPOINT PUPILS & BREATHLESSNESS 3DAYS NE DM ¥ - T PONS PONTINE HEMORRHAGE AYPER HYPO v BLEED
3 M 17 HEADACHE & BLURRING OF VISION 20 DAYS - - T B RIGHT FRONTAL PARAFALCINE DIFFUSE ASTROCYTOMA HYE FAYPER Y[ N CALCIUM
7 F 13 SEIZURES & COUGH 8 DAYS g T B RIGHT PARGDCCIPITAL TUBERCULOMA HYPO HYPO Y] N CALCIUM
5 M o1 [OSS OF CONSIOUSNESS WITH HYPERTENSION HGURS - ¥ - B [EFT FRONTO-PARIETO-TEMPORAL FHYPERACUTZ EED 1SO HYPER Y v BLEED
6 0 F o1 HEADACHE & ALTERED SENSORIUM 3DAYS DM - T 5 RIGHT TEMPORAL REGION DURAL MENINGIOMA 15O 15O Y[ N CACIUM
7 6 M 51 HEADACHE & SEIZURES 2DAYS - v - 5 RT PARTFOCCIPITAL HEMORRHAGIC VENOUS INFARCT HYPER HYPER v BLEED
SUBACUTE INFARCT WITH
28 74 M| 28224 RIGHT SIDED WEAKNESS 3DAYS HTN & MI + . s LEFT FRONTAL M o on | HYPER HYPER Y| v BLEED
OLD INTRAPARENCHYMAL
29 32 M 28208 HEADACHE & GIDDINESS 10 DAYS - + - I RIGHTEREBELLAR FOLIAE HEMORRHAGE WITH SUPERFICIAL HYPO MIXED Y Y HEMOSIDERIN
SIDEROSIS
30 52 M 28154 SEIZURES & HEADACHE 15 DAYS - - + S LEFT POERIOR PARIETAL REGION TUBERCULfERSIR(L’\’l\‘GS ENHACING HYPO MIXED Y N CALCIUM
31 35 M 28100 FOCAL NEUROLOGICAL DEFICIT & SEIZURE 5 DAY - + - S BILATERAL PARIETO-TEMPORAL CAVERNOUS MALFORMION HYPER HYPO Y Y BLEED
RIGHT PARIETAL (RIGHT
32 57 M 28947 HEADACHE & SEIZURES 10 DAYS HTN + - S PERICALLOSAL ARTERY DRAINING ARTERIO-VENOUS MALFORMATION HYPER HYPO Y Y BLEED
BILATERAL SUPRACLINOID INTERNAL
33 37 M 25897 HEADCHE AND DISORIENTED 15 DAYS - + - S CAROTID ARTERY MOYA-MOYA HYPER HYPO Y Y BLEED
34 46 M 26543 SEIZURES AND RIGHT SIDED WEAKNESS 4 DAYS - + - S RIGHT FRONTO-PARIETAL REGION DEVELO::\\‘AOE’\’:;Ct VENOUS HYPER HYPO Y Y BLEED
35 38 28499 BILATERAL UPPER LIMB WEAKNESS & SPASTICYT 20 DAYS - + LEFT PARIETAL (CENTRAL VEIN SIGN) MLTIPLE SCLEROSIS HYPO HYPER Y Y HEMOSIDERI
BILATERAL GLOBUS PALLIDI, RED
36 68 M| 24337 TREMORS & RIGIDITY 30 DAYS DM &M - + s NUCLEUS, PUTAMEN, SUBSTANTIA PARKINSONS DISEASE HYPO HYPO Y| Y | HEMOSIDERI
NIGRA
37 32 F| 20778 HEADACHE & GIDDINESS 5DAYS - + . s RIGHT PER"E@E’I\(';E'C CORTICAL | SUBACUTE Hﬁvﬁiﬁﬁ:w'c VENOUS|  pyper HYPER vl v BLEED
38 50 M | 28616 FOCAL NEIROLOGICAL DEFICIT & HEADCHE 7DfS HTN ¥ - B LEFT PARIETO-TEMPORAL HEMORRHAGIC VENOUBIFARCT FAYPER FYPER BLEED
CALCIFIED GRANULOMA...
39 18 M| 28633 HEADACHE & SEIZURES 17 DAYS - . R LEFTGHT FRONTAL EAPA ey HYPO HYPO v| N CALCIUM
0 54 F | 28604 CARCINOMA LUNG 26 MONTHS - - T B RIGHT HIGFRONTAL CEREBRAL METASTASIS SO HYPER Y[ v BLEED
LEFT THALAMUS AND RIGHT
a 38 F| 28627 HEADACHE WITH LOSS OF BALANCE 5DAYS - + . s AU AN R SUBACUTE VENOUS INFARCT HYPER HYPO Y BLEED
STRAIGHT SINUS, LEFT TRANSVERSE
42 38 M| 28644 HEADACHE & PAST H/O COVID-19 PNEUMONIA AYS - B . s S, LT SToMOID S CEREBRAL VENOUS THROMBOSIS HYPER - v v BLEED
BILATERAL GLOBUS PALLIDI (EYE OF | PANTOTHENATE KINASE ASSOCIATH
43 8 M | 20546 DEMENTIA, RIGIDITY AND DYSARTHRIA 8 DAYS . s T SCR APPEARANGE, EURODECENERATION (kA HYPO HYPER vl N CALCIUM
a2 2 24802 HEADCHE WITH BLURRING OF VISION 15 DAYS DM - ¥ RIGHT FRONTAL HIGH GRADE GLIOMA FYPER MIXED Y[ v BLEED
45 | 1DAY | M | 18813 MACROCEPHALY WITH NON-RESPONSIVESS 1A - - + s LEFT CRANIAL VAULT DES"éﬁ:é’T_fggL:g;‘;NT'LE IS0 IS0 v v BLEED
LEFT ANTERO-MEDIAL TEMPORAL DYSEMBYOPLASTIC
46 2 M| 23103 SEIZURES 70 DAYS - - + s - NEURORPITHELIAL TUMOR (ONET) HYPO HYPER vl N CALCIUM
LEFT OPHTHALMIC INTERNAL CAROTID
a7 48 M| 18851 BLURRING OF VISION 3DAYS - + . s o ANEURYSMS HYPER IS0 vl v BLEED
8 15 F | 17849 ATAXIA AND SLURRING OF SPEECH 35 DAYS - - ¥ T BILATERAL DENTATE NUCLEUS VERMIAN AGENESIS HYPO o) Y N CALCIUM
HYPERACUTE TO ACUTE
49 79 M | 21615| DOWNWARD GAZE WITH LACK OF PUPILLARY RESBNSE 1DAY - . . s LEFT THALAMUS MO AT U | HYPER HYPO vl v BLEED
50 51 F | 21437 CARCINOMA BREAST 36 MONTH M - ¥ B TEPARITAL CHRONIC BLEED AYPO HYPO Y[ v BLEED




GLIOSIS WITH HEMOSIDERIN

51 85 F 21894 LOSS OF BALANCE 5DAYS HTN & MI I RIGHTEREBELLAR LOBE DEPOSITION HYPO HYPER Y Y HEMOSIDERIN
52 70 M| 23746 CARCINOMA OVARY 30 MONTHS HTN & DM s&l LEFT FRONAL ANLDOF;'EHT CEREBELLAR  EMORRHAGIC METASTASIS HYPER HYPO vl v BLEED
53 33 M 25124 HEADCHE AND DISORIENTED 2 ADYS - S RIGHT H|GHTSFERN(IJI’\£|;/AALL2ND CENTRUM HEMORRHAGIC VENOUS INFARCT ISO HYPER Y Y BLEED
54 71 M 22250 HYPERTENSION 75 MONTH: HTN | PONS HYPERTEXE MICROANGIOPATHY HYPER HYPO Y Y BLEED
SUBACUTE INFARCT WITH
55 74 F 19762 RIGHT SIDED WEAKNESS 2 DAYS HTN S LEPARIETO-TEMPORAL HEMORRHAGIC TRANSFORMATION HYPER HYPER Y Y BLEED
56 83 M 24262 HEADACHE & BLURRING OF VISION 3 DAYS DM avl S BILATERAL THALAMUS THALAMIC MICROBLEEDS HYPER HYPER Y Y BLEED
ACUTE TO EARCLY SUBACUTE
57 70 M 20578 LOSS OF BALANCE AND ATAXIA 4 DAYS HTN I LEFT CEREBELLAR LOBE INTRAPARENCHYMAL HEMORRHAGE ISO TO HYPER| HYPO Y Y BLEED
58 46 M 24737 FOCAL NEIROLOGICAL DEFICIT & HEADCHE 3 DAS - S LEFT PARIETO-TEMPORAL HEMORRHAGIC VENOUSIFARCT HYPER HYER Y Y BLEED
RIGHT CEREBELLUM (MEDUSA HEAD DEVELOPMENTAL VENOUS
59 1 M 24636 DEVELOPMENTAL DELAY OF MOTAR MILESONES 20/YS - I APPEARANCE) ANOMALY HYPER HYPO Y Y BLEED
LEFT PARIETAL AT GREY WHITE
60 24 F 17663 FEVER & HEADACHE 10 DAYS - S MATTER JUNCTION NEUROCYSTICERCOSIS HYPO HYPO Y| N CALCIUM
ACUTE NECROTIZING HEMORRHAGI]
61 14 M 24721 SEIZURES 10 MONTH: - S BILATERAL THALAMS) ENCEPHALOPATHY HYPO HYPER Y Y BLEED
ACUTE NECROTIZING HEMORRHAGI]
62 7 M 26277 SEIZURES 7 MONTHY - S BILATERAL THALAMUS ENCEPHALOPATHY HYPO HYPER Y Y BLEED
63 70 M 20085 TRAUMA 1 DAY DM S RIGHT FRONTO-PARTAL REGION HYPERACUJEEMOOI\';QE'L::;EESUBDURAL ISO HYPER Y Y BLEED
LEFT HEAD OF CAUDATE & LENTIFORM SUBACUTE INFARCT WITH
64 66 M 18353 IRRITABILITY AND INCREASED MOVEMENTS 3 DA% HTN & DM S NUCLEUS HEMORRGAFIC TRANSFORMATION HYPER HYPER Y Y BLEED
65 73 19075 LEFT SIDED WEAKNESS 3 DAYS HTN & M| S IGHT FRONTAL REGION SUBACUTE Hﬁ\:\i?\ig:jAG|c VENOUS) HYPER HYPER Y Y BLEED
66 73 M 26400 TRAUMA 4 DAYS Ml RIGHT FRONTAL & TEMORAL SUBACUTE SUBDURAL HEMATOMA HYPER HYPER Y Y BLEED
RIGHT TRANSVERSE, SIGMOIS AND
67 30 M 25847 FOCAL NEIROLOGICAL DEFICIT & HEADCHE 5 DAS - S INTERNAL JUGULAR VEIN CEREBRAL VENOUS THROMBOSIS HYPER Y BLEED
ATYPICAL POSTERIOR REVERSIBLE]
68 3 F| 21051 PRE B CELL ACUTE LYMPHOBLASTIC LEUKEMIA 3BNTHS - s BILATERAL PARIETO-OCCIPITAL ENCEPHALOPATHY SYNDROME HYPER HYPER v| v BLEED
(PRES)
59 | 3MONTHS 21436 SEIZURES 2DAYS - T CEREBELLARERMIS CHRONIC BLEED AYPO AYPO Y]V | HEMOSIDERT
BILATERAL LENTIFORM NUCLEUS, LEFT|
70 60 M| 28688 HYPERTENSION 80 MONTH HTN sal Ao, pone. MR HYPERTENSIVE MICROANGIOPATHY|  HYPER HYPO Y BLEED
BILATERAL FRONTO-PARIETO- HYPERACUTE SUBDURAL
7 66 M| 27705 TRAUMA 5 HOURS HTN & MI s vl icarn e 150 HYPER v| v BLEED
7 82 M| 29716 HEADCAHE WITH LOSS OF CONSCIOUSNESS 1DAY ,MTN, DM s RIGHT FRONTAL REGION INTRAPARENCHYMALHEMORRHAGE 150 AYPO Y v BLEED
73 5 F | 28771]  MENSTRUAL IRREGULARITY WITH BLURRING OF \6ION | 5 MONTHS - B SELLAR & SUPRASELLAR PITUITARMACROADENOMA HYPO HYPO Y [ Y | HEMOSIDERIN
74 5 M| 247 HEADACHE & GIDDINESS 2DAYS HTN B RIGFHRONTO-PARIETO-TEMPORAL | _HEMORRHAGIC VENOUS INFARCT] FYER AYPER YV b
75 50 M | 290 HEADACHE & ALTERED SENSORIUM 25 DAYS HTN &M B LEFT FRONTO-PARIETAL HIGH GRADE GLIOMA HYPO HPER Y N
76 63 M| 236 FEVER & HEADACHE 10 DAYS HTN & DM 5 RIGHOCCIPITAL LOBE CEREBRAL ABSCESS HYPO HYPER N
BILATERAL LATERAL VENTRICLES,
77 | 3MONTHS| F | 25081 SEIZURES 15 DAYS - s e e eS| INTRAVENTRICULAR HEMORRHAGE | HYPER HYPO v| v
78 72 F | 26894 HEADACHE 15 DAYS HTN & MI s BILATERAL ENTIFORM NUCLEUS B'LATER‘:;‘A'L?}‘;BSF'TAV'NNUCLEUS HYPO HYPER Y| N CALCIUM
BILATERAL FRONTO-PARIETO-
79 4 F | 24605 SEIZURES & DELAYED MILESTONES 30 DAYS - s fripiivibiari TUBEROUS SCLEROSIS HYPO HYPER vooN CALCIUM
BILATERAL FRONTAL, RIGHT
80 2 F | 27649 SEIZURES & FEVER 10 DAYS - s otiningipiosiutl TUBERCULOMA 1S0 HYPO v| N CALCIUM
81 6 F| 26794 LOSS OF CONSIOUSNESS 1 DAY DM s B'LATERA#EF:F?S‘;EI:PAR'ETO' ARTERIO-VENOUS MALFORMATION | HYPER HYPO vl v BLEED
82 2 28954 FYPERTENSION 70 MONTHb TN & DM B LEFRRITAL FYPERTENSIVE MICROANGIOPATHY| __ HYPER FAYPER BLEED
83 31 M| 28965 HEADACHE 1 MONTH - s LEFT FRONTAL &OF\{/'SL"S CENTRUM SEM CHRONIC HEMATOMA HYPO HYPO Y| Y | HEMOSIDERIN
84 | 5MONTHS| F | 29856 ABSENT HEAD HOLDING 2 MONTHS - s LEFT PARITAL GL'OS'SE;'["E'FTSS":EI'S(,\)‘S'DER'N HYPO HYPER Y| Y | HEMOSIDERIN
85 5 F | 27800 HEADACHE & BLURRING OF VISION 1 MONTH - s R'GHTPF;AR'TQ;:\\I'_‘%'EN;;?NTO' CYSTIC GLIOBLASTOMA HYPO HYPER Y| v BLEED
6 8 M | 27911 TRAUMA TDAY DM & MT BILATERAL FRONTOPARIETAL REGION| __ HEMORRHAGIC CONTUSIONS 150 AYPER v BIED
7 9 F | 26877 SEIZURES & COUGH 15 DAYS - B LEFT PARMGTTAL HIGH FRONTAL CALCIFIED GRANULOMA AYPO HYPO Y[ N CALCIUM
g 7 M | 29800 TRAUMA 2DAYS - s LEDT FRONTO-TEMPORAL EXTRA DURAL HEMORRHAGE HYPER HYPER Y v BLEED
9 0 F | 22578 BLURRING OF VISION WITH WEIGHT GAIN 10 DAY DM 5 SELLAR & SUPRASELLAR PITUITARY MACROADENOM HYPER MIXED v v BLEED
90 74 M| 27899 TRAUMA 4DAYS HTN & MI s LEFT FRONTO-FRIETO-TEMPORAL LATE SUﬁéﬁ:;g;:BDURAL HYPER HYPER | v BLEED
LATE SUBACUTE
91 82 M 27766 HEADACHE & ALTERED SENSORIUM 5DAYS MI S RIGHT TEMPORAL INTRAPARENCHYMAL HEMORRHAGE| HYPO HYPER Y Y HEMOSIDERIN
WITH AREAS OF HEMOSIDERIN
CORTICAL & SUBCORTICAL BILATERAL
92 3 M 24557 DELAYED MILESTONES 20 MONTH: - S FRONTO-PARIETAL TUBEROUS SCLEROSIS HYPO HYPO N CALCIUM
93 2 28577 HEADACHE & SEIZURES 3 MONTHY S RIGHT FRO’\Q-EAEIQED PARIETAL MALIGNANT MELANOMA HYPER HYPO Y Y BLEED
94 57 M 28500 HEADACHE & BLURRING OF VISION 1DAY DM S LEFT FRONTAL HYPERACUTE BLEED 1ISO HYPER Y Y BLEED
CORTICAL & SUBCORTICAL RIGHT | CHRONIC HEMORRHAGIC VENOUS
95 36 F 28425 HEADACHE 1 MONTH - S FRONTAL INFARCT HYPO HYPER Y Y HEMOSIDERIN
POSTERIOR LIMB OF LEFT INTERNAL SUBACUTE INFARCT WITH
96 58 M 28397 FACIAL NUMBNESS 3 DAYS - S CAPSULE HEMOSIDERIN DEPOSITION HYPO HYPER Y HEMOSIDERIN
97 53 F 28306 LOSS OF CONSIOUSNESS 1 DAY HTN & DM S ABRIOR COMMUNICATING ARTERY RUPTURED PCOM ANEURYSM 5] HYPER Y Y BLEED
BILATERAL FRONTO-PARIETO-
98 66 F 27890 HEADACHE & SEIZURES 7 DAYS HTN S OCCIPITAL REGION TUBERCULOMA HYPO HYPER Y N CALCIUM
99 69 M 27866 SPASTICITY WITH REDUCED POWER IN UPPERMBS 15 DAYS HTN & M| S RIGHT FRONTAL (CENTRAL VEINSIGN) MULTIPLE SCLEROSIS HYPER HYPER Y| Y BLEED
100 75 M 28027 HEADACHE & SEIZURES 20 DAYS MI S RIGHTARIETAL NEUROCYSTICERCOSIS HYPO HYPER N CALCIUM
101 57 F 28500 LOSS OF CONSIOUSNESS 1 DAY HTN S LERORNTAL REGION HYPERACUTE BLEED 1ISO HYPER Y Y BLEED




102 31 M 29154 HEADACHE & ALTERED SENSORIUM 10 DAYS - + - S LEFT FRONTAL REGION GUOSISDVEJSS'—:_?I%RSlDERIN HYPO HYPER Y Y BLEED
103 34 F 29195 HEADACHE & PAST H/O COVID-19 PNEUMONIA DAYS - + - S SUPERIOR SAGITTAL SINUS CEREBRAL VENOUBHROMBOSIS HYPER - Y Y BLEED
104 2 F| 27800|  LOSS OF CONSIOUSNESS WITH RIGHT SIDEDAMBESS 2DAYS HTN + . s LEFT GANGLIOCAPSULAR REGION | ACUTE NTRAPARENCHYMAL 150 HYPO vl v BLEED
105 45 M 29263 HEADACHE & GIDDINESS 3 DAYS - + - S LEFT ERITAL REGION OLD RESOLVING HEMATOMA HYPO HYPO Y Y HEMOSDERIN
106 60 M 29029 HEADACHE & SEIZURES 10 DAYS HTN - + S LEFFRONTO-PARIETAL REGION HIGH GRADE GLIOMA HYPER HYPER Y] Y BLEED
107 61 M 29287 HEADACHE & GIDDINESS 7 DAYS HTN & DM + - S RIGHT FRONTAL REGION OLD RESOLVING HEMATOMA HYPO HYPO Y Y HEMOSIDERIN
108 28 M 29269 SEIZURES & ALTERED SENSORIUM 5 DAYS - - + S RIGHT SUBCORTICAL PARIETAL REGIOI NEUROCYSTICERGIS HYPO HYPER Y N CALCIUM
109 68 M 29264 RIGHT SIDED WEAKNESS 4 DAYS HTN & MI + - S LEFT THALRA/’;/:;.:iTAAND CORONA OLD BLEED HYPO HYPER Y Y HEMOSIDERIN]
SUBACUTE INFARCT WITH
110 64 M 29247 LOSS OF BALANCE & BREATHLESNESS 3 DAYS NT + - | RIGHT CEREBELLUM & PONS HEMORRHAGIC TRANSFORMATION HYPER HYPER Y Y BLEED
111 78 M 28755 HEADACHE & NUMBNESS OF BILATERAL UPPERMBS 5 DAYS HTN & DM + - | RIGHT TRANS\QIENRUSSE AND SIGMOID CEREBRAL VENOUS THROMBOSIS HYPER - Y] Y BLEED
LEFT THALMUS AND POSTERIOR LIVB| CHRONIC BLEED WITH
112 75 M 29178 FOCAL NEIROLOGICAL DEFICIT & HEADCHE 58YS HTN & MI + - S OF LEFT INTERNAL CAPSULE HEMOSIDERIN HYPO HYPO Y Y HEMOSIDERIN
113 76 M 29136 HEADACHE & ALTERED SENSORIUM 20 DAYS HTN - + S LEFT PARIETAL REGION ANAPLASTIC ASTROCYTOMA HYPE HYPO Y Y BLEED
PERICALLOSAL LIPOAM WITH 2
114 1 F | 20070 DELAYED DEVELOPMENTAL MILESTONES 6 MONTHS - - + s BODY OF CORPUS CALLOSUM POSTERIOR CORPUS CALLOSAL |  HYPER HYPER vl o~ CALCIUM
DYSGENESIS
NEURODEGENERATION WITH BRAIN
q ] -
us| 25 M| 24489 DYSTONIA & SPASMS 2 MONTHY + s BILATER/BASAL GANGLIA IRON ACCUMULATION (uBi) HYPO HYPER v| ¥ | HEMOSIDERIN
LEFT CRONA RADIATE & POSTERIOR
ue| 23 M| 24585 ATAXIA & GAIT DISTURBANCE 1 MONTH - - + s v el ACTIVE DEMYELINATING PLAQUES |  HYPER HYPER Y| v BLEED
17 56 M| 23378 HEADACHE & ALTERED SENSORIUM 3DAYS - . - s R A B O AL CAROTID ANEURYSM HYPER HYPER Y| v BLEED
SUBACUTE INFARCT WITH
us| ss M| 2415 RIGHT SIDED WEAKNESS 4DAYS I + - s LEFRONTO-PARIETAL M R on | HYPER HYPER v| v BLEED
o 2 F | 2se13 UPWARD GAZE PALSY 10DAYS - - T s PINEALGND PINEAL PARENCHYMAL TUMOR HYPO HYPER Y[ N CALCIUM
4 331 HEADACHE & GIDDINESS 15DAYS - - T s THIRVENTRICLE COLLOID CYST HYPO HYPER YN CALCIUM
2 780 HEADACHE 7DAYS - - T s LEFT PERI-ROLANDICORTEX NEUROCYSTICERCOSIS HYPO HYPER N CALCIUM
T 0 FEVER & HEADACHE 15 DAYS - - ¥ s LEFT FROAL REGION LEFT FRONTAL ABSCESS HYPO HYPER Y[ v | HEMOSIDERI
1 7880 HEADACHE & GIDDINESS 10DAYS - + - [ BILATEAL CEREBELLAR LOBES MICROBLEEDS HYPER HYPER Y[ v BLEED
4] ss 4667 HEADACHE & BLURRING OF VISION 1 MONTH HTN - T s LEFT TEMPORAL REGION NERVE SHEATH TUMOR HYPO HYPER |V | N | CALCIUM
5 | 3 MONTHS| 5219 HEADACHE & SEIZURES 7 DAYS - + - s LEFT FRONTO-PARIETAL HEMORRHAGIC VENOUS INFARCT HYPER HYPO Y v BLEED
6] 43 8703 HEARING LOSS & TINNITUS 10 DAY! - - ¥ [ 1GHT CEREBELLO-PONTINE ANGLE VESTIBULAR SCHWANOMMA 150 HYPER v v BLEED
7] 60 0229 HEADACHE & ALTERED SENSORIUM 1 MONTH oM - T s RIGHT HIGH PARIETAL REGION MENINGIOMA HYPO HYPER Y[ N CALCIUM
128 65 M| 28022 CARCINOMA LUNG 15 MONTHS - E + s A ATUETO- HEMORRHAGIC METASTASIS HYPER HYPER vl v BLEED
LATE SUBACUTE
29| s M| 2sess LOSS OF CONSIOUSNESS 5DAYS - + - I LEFEREBELLAR LOBE INTRAPAREA G race]  HYPER HYPER Y| v BLEED
130 67 M| 21342 HYPERTENSION 40 MONTHS HTN + - s S s BRAIN HYPERTENSIVE MICROANGIOPATHY|  HYPER HYPER vl v BLEED
P IS M| 21261 HEADACHE & SEIZURES 2DAYS HTN - - i BASAR ARTERY ANEURYSM HYPER HYPER Y[ v BLEED
B2 10 M | 2883 SEIZURES & DOUBLE VISION 10DAYS - - T s GOF OF FOURTH VENTRICLE MEDULLOBLASTOMA HYPER iSO N[ v BEED
M2 & M3 OF LEFT MIDDLE CEREBRAL OCCLUSION OF LEFT MIDDLE
133 66 M| 22332 RIGHT SIDED WEAKNESS 5DAYS HTN & MI . - s i P HYPER - vl v BLEED
Pz S M | 20778 HEADACHE 7DAYS HTN - + i PONS CAVERNOMA PO HYPER Y[ N CALCIUM
135 19 F| 25054 HEADCHE AND DISORIENTED 10 DAYS - + - s GMT TEMPORAL REGION CLIOSIS W OSIDERIN HYPO HYPER Y| Y | HEMOSIDERIN
PN F | 27800 SEIZURES 20 DAYS HTN - T s RIGHT FRONTAL NEOCYSTICERCOSIS HYPO HYPER N[N CALCIUM
137 46 M| 23377 HEADCHE AND DISORIENTED 25 DAYS - + - s RIGHT M2 OF MIDDLE CEREBRAL MOYA-MOYA HYPER HYPER | v BLEED
FECH W | 27808 HEADACHE & GIDDINESS 30DAYS - - ¥ s RIGFFRONTAL REGION OLIGODENDROGLIOMA HYPO MIXED N CALCIUM
ADAMANTINOMATOUS
18| 15 M| 29018 HEADACHE & BLURRING OF VISION 10DAYS - - + s SUPRASELLAR frnantiivolbend MIXED MIXED Y| N CALCIUM
3 8971 PORT-WINE STAIN & SEIZURES 3VEARS - - ¥ s LEFT PARIETO-OCCIPITAL STURGE WEBER SYNDROME VPO Hop N[ N CALCIUM
4 0250 HEADACHE & SEIZURES 10 DAYS HTN - - s RIGHFRONTAL ARTERIO-VENOUS MALFORMATION | HYPER HYPO Vv LED
4 8585 HEADACHE & ALTERED SENSORIUM 15 DAYS - - T s LEFT FRONTAL & GANGLIOCAPSULAR| _INTRAPARENCHYMAL FEMATOMA | HYPER HYPO Y v BLEED
4 F 1 26795 HEADACHE & SEIZURES 7DAYS HTN & DM - T s LEFT FRONTAL OLOGODENDROGLIOMA HYPER MIXED Y[ N CALCIUM




