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ABSTRACT

Background: Susceptibility Weighted Imaging is an advanced magnetic
resonance technique that exploits magnetic susceptibility differences to enhance
visualization of venous structures, hemorrhage, iron deposition, and
calcification. With the advent of 3 Tesla MRI systems, SWI provides superior
spatial resolution and improved signal-to-noise ratio, expanding its role in
neuroimaging. This study was designed to evaluate normal deep cerebral venous
anatomy using 3D SWI at 3 Tesla and to assess its clinical utility in a spectrum
of intracranial pathologies.

Materials and Methods: This prospective cross-sectional study included 100
patients with clinically suspected intracranial lesions and 30 healthy volunteers.
All subjects underwent MRI brain on a 3T scanner including T1, T2, FLAIR,
DWI, and 3D SWI sequences. SWI images were reconstructed using filtered
phase data and minimum intensity projection techniques. Imaging findings were
correlated with conventional MRI sequences, and venous anatomical variants
were analysed.

Results: SWI demonstrated superior sensitivity in detecting cerebral
microbleeds, haemorrhagic transformation in stroke, cortical vein thrombosis,
diffuse axonal injury, intratumoral hemorrhage, and developmental venous
anomalies. Additional occult lesions were identified in cavernomas and
traumatic brain injury cases. Evaluation of deep venous anatomy revealed
predominance of Type I thalamostriate vein configuration and single-trunk
anterior caudate vein pattern.

Conclusion: 3D SWI at 3 Tesla significantly enhances diagnostic accuracy in
neuroimaging by improving detection of hemorrhage, thrombus, and venous
anatomy. Incorporation of SWI into routine MRI protocols provides valuable
clinical and preoperative information.

Keywords: Susceptibility Weighted Imaging, 3 Tesla MRI, Cerebral
microbleeds, Venous anatomy, Stroke, Neuroimaging.

INTRODUCTION

Susceptibility-weighted imaging (SWI) is a high-
resolution, three-dimensional gradient-echo MRI
technique that combines magnitude and filtered
phase information to exploit local magnetic
susceptibility differences between tissues. Originally
described by Haacke and colleagues, SWI produces
contrast that is sensitive to paramagnetic and
diamagnetic compounds and to venous blood,
enabling visualization of venous architecture,

microhaemorrhages, and iron deposition with far
greater  conspicuity than conventional T2*
sequences.!!

Clinical interest in SWI has grown substantially with
higher-field scanners (3T and above) and improved
coil technology, because increased field strength
amplifies susceptibility effects and improves signal-
to-noise ratio, permitting thinner sections and finer
spatial resolution essential for detecting small lesions
and vessels.>31 Modern SWI protocols typically
generate both voxelwise susceptibility-enhanced
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images and minimum-intensity-projection (minlIP)
slabs that reveal the continuity of tortuous veins
across slices an important advantage for mapping
normal venous anatomy and its variants prior to
surgical or endovascular procedures.

From a diagnostic perspective, SWI has proven
highly valuable across a wide range of neuroimaging
indications. Its sensitivity for cerebral microbleeds
(CMBs) and chronic blood products exceeds that of
conventional 2-D T2* GRE imaging, leading to
higher lesion counts and improved detection of
clinically occult haemorrhagic foci in cerebral
amyloid angiopathy, hypertensive small-vessel
disease, and traumatic brain injury. These differences
are driven by SWI’s use of phase information and
thinner sections at higher field strengths.?!

In acute cerebrovascular disease, SWI identifies
characteristic vascular signs of ischemia for example,
the susceptibility sign, prominent/cortical vessel sign
(PVS), and asymmetrical venous prominence that
reflect intraluminal thrombus, increased oxygen
extraction fraction, or slow flow in hypoperfused
territories. Several studies have shown that the
presence and extent of these SWI signs correlate with
arterial occlusion, predict infarct growth, and provide
complementary information to diffusion and
perfusion imaging without the need for contrast
agents.”]

Beyond stroke and microbleeds, SWI enhances
characterization of developmental and acquired
vascular lesions, improves detection of diffuse axonal
injury and small haemorrhagic shearing in trauma,
and helps differentiate tumoral calcification from
hemorrhage. Quantitative post-processing methods
such as quantitative susceptibility mapping (QSM)
further enable estimation of iron content and
oxygenation metrics, opening avenues in imaging of
neurodegenerative disease and tumor
microenvironment assessment. 7]

Given these capabilities, incorporation of high-
resolution 3D SWI into routine 3 T neuroimaging
protocols is increasingly advocated. This study

documents the normal venous and gray white-matter
susceptibility anatomy at 3 T, and evaluates the
clinical utility of 3D SWI in a spectrum of
cerebrovascular, traumatic, and neoplastic conditions
providing practical imaging parameters and
illustrative examples that emphasize how SWI
complements conventional MRI sequences and
informs patient management.

MATERIALS AND METHODS

This prospective cross-sectional study was conducted
in the Department of Radiodiagnosis at Maheshwara
Medical College and Hospital, Isnapur from January
2025 to December 2025. A total of 130 subjects were
included in that 100 patients with clinically suspected
intracranial pathology and 30 healthy volunteers for
evaluation of deep cerebral venous system anatomy.
Patients were referred for MRI brain for conditions
including stroke, cerebral venous sinus thrombosis,
cerebral amyloid angiopathy, cavernoma, chronic
hypertensive encephalopathy, trauma, tumors, and
developmental venous anomalies.

Inclusion Criteria

» Patients undergoing MRI brain including SWI on
a 3T scanner

* Clinically significant intracranial lesions or
cerebrovascular pathology

Exclusion Criteria

*  MRI contraindications like pacemakers, metallic
implants, claustrophobia

» Significant motion artifacts

» Lack of informed consent

All scans were performed on a 3 Tesla MRI system.

Imaging was conducted using a Philips Healthcare

Achieva TX 3T scanner with 8-channel or 16-channel

phased-array head coils. The MRI protocol included

T1-weighted, T2-weighted, FLAIR, DWI with ADC

mapping, and 3D Susceptibility Weighted Imaging

(SWI).

Table 1: Parameters for SWI Parameters.

Parameters SWI

Recovery time (TR) ms 15 ms

Echo time (TE) ms 21 ms

Flip angle (deg) 100

Slice thickness(mm) 1 mm

Interslice spacing Contiguous slices
Acquisition matrix 220 x 222

Scan duration 4 min 15 sec

Post-Processing and Image Analysis

SWI data were reconstructed using filtered phase
images and minimum intensity projection (minIP, 3-
10 mm). Images were correlated with conventional
MRI sequences.

Two  experienced radiologists independently
evaluated for hemorrhage and microbleeds,

Thrombus and cortical vein involvement,
intratumoral hemorrhage/calcification, diffuse axonal
injury, and venous architecture and variants (TSV
and ACV types).

Statistical analysis: Descriptive statistics were used
to summarize findings. A p-value <0.05 was
considered statistically significant where applicable.
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RESULTS

Table 1: Demographic and clinical profile of study participants.

Parameters Total no of participants (n=100)
Frequency | Percentage
Age (In years)
Up to 20 09 9%
21-40 29 29%
41-60 33 33%
61-80 28 28%
Above 80 01 1%
Gender
Male 35 35%
Female 65 65%
Categories of brain lesions
Cerebral sinus venous thrombosis 10 10%
Cerebral amyloid angiopathy 15 15%
Cavernoma 21 21%
Chronic hypertensive encephalopathy 09 9%
Trauma 07 7%
Tumours 20 20%
Stroke 14 14%
Developmental venous anomaly 04 4%
Stage of the condition
Acute 09 9%
Early subacute 01 1%
Table 2: Anatomical variations of TSV and ACV.
Parameters Frequency
Left | Right
TSV
Typel Venous angle 22 20
Type 11 False venous angle 08 10
ACV
Typel Single trunk 27 28
Type I Two trunks 03 0
Terminal variations of ACV
Type-A 24 21
Type-B 05 07
Type-C 02 01

Stroke stage distribution

_ Figure 2: MR image showing cavernoma with

developmental venous anomaly in 32 years old male
with complaints of headache on and off associated with
Graph 1: Stroke stage distribution. redness of left eye.

%

*A-Axial T1; B-Axial T2; C, D, E-SWI minIP.

Figure 1: MR image of Cerebral sinus venous
thrombosis on conventional (T1, T2, and FLAIR) and

susceptibility weighted sequences in 42 years old female Figure 3: MR image showing tumours in 60 years old
with seizures. male with chief complaints of giddiness, decreased
*A-Axial T1; B-Axial T2; C, D-SWI minIP memory and slurring of speech.
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*A-Axial T1; B-Axial T2; C, Axial Tl post
gadolinium image; D, E- SWI minIP.

DISCUSSION

The demographic profile in our cohort showed a
predominance of patients in the 41-60-year age group
(33%), followed by 21-40 years (29%), consistent
with epidemiological data suggesting increasing
cerebrovascular and neoplastic burden in middle-
aged populations. A female preponderance (65%)
was observed, largely attributable to higher
representation in cerebral amyloid angiopathy (CAA)
and venous thrombosis cases. Similar demographic
trends have been described in large neuroimaging
series evaluating SWI in cerebrovascular disorders.[®!
Cerebral venous sinus thrombosis: In our study,
SWI demonstrated hypointense blooming within
thrombosed sinuses and cortical veins in all cases of
cerebral sinus venous thrombosis (CSVT), with
better depiction of haemorrhagic transformation than
conventional sequences. These findings align with
Idbaih et al. (2006), who reported superior
visualization of thrombosed cortical veins using
susceptibility-sensitive sequences. SWI exploits the
paramagnetic properties of deoxyhemoglobin and
methemoglobin, thereby accentuating thrombus
conspicuity.”) Our results reinforce the growing
consensus that SWI should be integrated into routine
MRI protocols for suspected venous thrombosis,
particularly when MR venography findings are
equivocal.

Cerebral amyloid angiopathy and chronic
hypertensive encephalopathy: Among patients with
CAA and chronic hypertensive encephalopathy, SWI
identified multiple microbleeds not visualized on T1,
T2, or FLAIR imaging. The lobar distribution in
CAA and deep gray nuclei involvement in
hypertensive microangiopathy observed in our cohort
corresponds with established pathophysiological
patterns.’l The sensitivity of SWI in detecting
cerebral microbleeds has been shown to be nearly
double that of conventional GRE sequences,
improving  diagnostic  confidence and risk
stratification for anticoagulation therapy. Goos et al.
(2011) similarly reported higher prevalence rates of
microbleeds on SWI compared with GRE,
underscoring its clinical relevance.!'

Cavernomas and  developmental venous
anomalies: Cavernomas represented 21% of cases in
our series. SWI detected additional occult lesions and
better delineated associated developmental venous
anomalies (DVA) [Figure 2]. These findings are
consistent with de Souza et al. (2008), who
demonstrated significantly higher lesion counts using
SWI compared to T2-weighted imaging. The
blooming effect seen on SWI enhances visualization
of hemosiderin-laden lesions, improving detection of
small or familial cavernomas.''l The ability to
demonstrate  venous architecture in DVAs
noninvasively provides additional surgical planning
value.

Traumatic brain injury: In trauma patients, SWI
revealed multiple punctate microhaemorrhage
consistent with diffuse axonal injury (DAI) that were
inconspicuous on conventional imaging. Liu et al.
(2015) reported similar superiority of SWI over
T2*WI in detecting haemorrhagic foci in mild
traumatic brain injury.l'? The detection of
microbleeds in the corpus callosum and gray-white
matter junction, as seen in our cohort, has prognostic
implications, correlating with clinical severity and
outcome.

Intracranial tumors: SWI added significant
diagnostic value in tumor -characterization. In
glioblastomas, multiple intratumoral blooming foci
corresponded to hemorrhage and neovascularity,
paralleling observations by Sehgal et al. (2006).
Metastatic lesions also demonstrated haemorrhagic
components more clearly on SWI. Conversely,
primary CNS lymphomas showed minimal
susceptibility effects, aiding differentiation from
high-grade gliomas.['! This differential blooming
pattern may serve as a non-invasive biomarker in
preoperative assessment.

Acute and subacute stroke: In stroke patients, SWI
identified susceptibility vessel sign in hyperacute
cases and haemorrhagic transformation in subacute
infarcts, consistent with Wycliffe et al. (2004). Early
detection  of intraluminal  thrombus and
microhaemorrhage is clinically critical, particularly
in patients undergoing thrombolytic therapy.'¥
Kidwell et al. (2002) highlighted the prognostic
importance of microbleeds prior to thrombolysis.[**)
Our findings corroborate the role of SWI in acute
stroke protocols.

Deep cerebral venous anatomy: Evaluation of deep
venous system variants in 60 hemispheres
demonstrated predominance of Type I thalamostriate
vein (TSV) configuration (70%), comparable to
frequencies reported by Zhang et al. (2015).1'%) The
high incidence of single-trunk anterior caudate vein
(ACV) (94.8%) and Type A terminal variation align
with previously published anatomical studies.
Preoperative identification of venous angles and
tributary patterns is essential during transcallosal or
third ventricular surgical approaches. SWI, through
high-resolution minlIP reconstruction, provides
detailed venographic mapping without contrast
administration.

The strengths of this study include the use of high-
field 3T MRI, standardized SWI parameters, and
independent evaluation by experienced radiologists.
However, limitations include a single-center design
and lack of histopathological correlation in all tumor
cases.

CONCLUSION

This study demonstrates that 3D Susceptibility
Weighted Imaging (SWI) at 3 Tesla significantly
enhances the detection and characterization of
intracranial pathologies compared with conventional
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MRI sequences. SWI proved highly sensitive in
identifying microbleeds, haemorrhagic
transformation, cortical vein thrombosis,
intratumoral hemorrhage, and diffuse axonal injury.
It also provided superior visualization of
developmental venous anomalies and detailed
assessment of deep cerebral venous system variants,
offering valuable preoperative information. The
integration of SWI into routine neuroimaging
protocols improves diagnostic accuracy, aids
therapeutic decision-making, and contributes to
better patient management across cerebrovascular,
traumatic, and neoplastic brain disorders.
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