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Abstract

Susceptibility-weighted imaging (SWI) is a technique that exploits the susceptibility difference between tissues to
provide contrast for different regions of the brain. In essence, it uses the deoxygenated hemoglobin of veins,
hemosiderin of hemorrhage, etc. as intrinsic contrast agents, allowing for much better visualization of blood and
microvessels even without administration of an external contrast agent. It is a fast-evolving field that is being
constantly improved and increasingly implemented with updates in relevant technology. Multiple studies have been
done on the role of SWI in the management of various neurologic disorders and it is also being seen as a further step
in the neuroradiologist�s goal of being able to noninvasively grade tumors in order to influence therapy. This article
briefly reviews the evolution of SWI since its conception and provides the reader with a comprehensive summary of
various studies that have been done on its application for detecting and grading intraaxial brain tumors, specifically
gliomas. Other useful magnetic resonance techniques that have shown promise in grading gliomas are also discussed.
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Introduction

Gliomas are the most common brain tumors and account
for 70% of primary adult malignant brain tumors[1].
There have been reports that the incidence of gliomas
has been increasing in recent years and some studies
have inconclusively linked this to increased cell phone
usage[2]. The World Health Organization (WHO) cate-
gorizes gliomas into grades I to IV, with grade I being
benign and grade IV most malignant[3]. The importance
of glioma grading lies in the fact that it is the most impor-
tant prognostic factor for the patient. Benign tumors are
often amenable to surgery, whereas malignant tumors
have to be frequently managed with radiochemotherapy
and indicate a low survival rate. Magnetic resonance
(MR) imaging is the initial investigation of choice in
patients with suspected glioma and plays a major role
in the initial differential, but currently, no imaging fea-
tures are considered in the confirmatory diagnosis or
grading of gliomas; these are solely based on invasive
stereotactic biopsies[4].

In the previous decade, MR imaging has become the
mainstay diagnostic tool for the evaluation of suspected

brain tumors preoperatively and follow-up after therapy.
The strength of MR imaging lies in its vast array of
sequences, which do not just anatomically delineate
lesions (t1, t2) but also differentiate them physiologi-
cally[5]. The susceptibility-weighted imaging (SWI)
sequence is a useful recent addition to this arsenal of
MR imaging sequences; it has been designed to utilize
the susceptibility difference between the deoxygenated
blood in veins and the surrounding brain parenchyma
to provide a high degree of contrast[6].

Information attained via structural MR imaging scans
in patients with glioma, such as the accurate anatomic
location and the relationship of the tumor with important
surrounding brain structures, has major influences on the
therapeutic decisions. However, more recently, increasing
attention is being paid to the physiologic data gained
from MR scans via novel sequences such as diffusion-
and perfusion-weighted imaging (DWI and PWI) as well
MR spectroscopy. This information is proving very valu-
able in limiting differentials of space-occupying lesions
and in guiding biopsies to the most malignant areas of
frequently encountered heterogeneous tumors, thereby
leading to accurate histopathologic diagnoses. A lot of
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research has been done and is ongoing to demonstrate
the usefulness of these methods in grading gliomas with
varying degrees of success. These are briefly summed up
in the final section of this article. Despite the potential,
definitive noninvasive glioma grading still remains an
unachieved goal for radiologists. However, with the addi-
tion of SWI to this list of MR sequences, some research-
ers now hope that MR imaging can play a more
substantial role toward this goal.

Although a full assessment of the role of SWI has yet
to be confirmed in the literature, it is fast becoming part
of the standard brain tumor imaging protocol in most of
the leading diagnostic centers worldwide. It is also under
intensive study because it is largely felt that its full poten-
tial has yet to be realized.

SWI and its evolution

An excellent review by Haacke et al.[7] describes the rel-
evant physics involved in creating SWI in detail. It is not
the purpose of this article to go into the details of the
physics, instead we have summarized it in simple terms.
Routinely, most conventional MR sequences use magni-
tude information for sequencing. Even though phase data
are generated each time and contain potentially very
useful information, they cannot be put to clinical use
because of the effects of background magnetic fields.
The phase images are sensitive for showing changes in
the local magnetic field, i.e. susceptibility, caused by
blood and its various products along with other sub-
stances such as calcium. It was only in 1997 that a mech-
anism was developed to remove the unwanted artifacts
while retaining the local phase of interest by passing the
data through a high-pass Hanning filter. The remaining
useful phase information was then combined with mag-
nitude images multiplied several times and to produce
SWI images. This pioneering work is due to
Reichenbach et al.[6,8].

This novel technique was termed high-resolution blood
oxygen level dependent (BOLD) venography by the early
researchers, because it was due to the low oxygen levels
that the veins could be visualized on SWI[9]. Among its
first uses, it was successfully used to detect occult
vascular malformations[10], which could only be diag-
nosed after they had bled on conventional MR
sequences. Since then, several reviews have shown SWI
to be a very useful adjunct technique in evaluating a wide
range of neurologic disease processes including traumatic
brain injury, cerebral amyloid angiopathy, stroke, neuro-
degenerative disorders, vascular malformations and brain
tumors in adults[11,12]; it has also been studied in chil-
dren by Tong et al.[13].

The generation of SWI images is now automated and is
being supplied with consoles from the major manufac-
turers (GE, Siemens). The final SWI consists of four sets
of images: magnitude images, filtered phase images, min-
imum intensity projections images and the final SWI

images. It can be tedious to perform SWI because of its
long acquisition time of over 8 min in a 1.5-T scanner, but
with the widespread availability of 3 T scanners, this has
been greatly reduced (55 min). Other benefits of 3-T
scanners versus the 1.5-T scanners include better signal
to noise ratio (SNR) and better image resolution with
smaller pixel size. Experimental studies have also been
done using ultra-high magnetic field strength (7 T[14] and
8 T[15]) with largely positive results. Significant two-fold
reductions in acquisition times without any loss of con-
trast were achieved with GRAPPA-based imaging at
7 T[16]. However, the use of these scanners is still in
the experimental phase and more data can be expected
once their use becomes mainstream.

Tumor neoangiogenesis, hemorrhage
and the role of SWI

The strength of SWI lies in its ability to better distinguish
blood from the surrounding tissue. Hence, it will be help-
ful for us to begin our discussion with a short insight into
the life cycle of tumors and the role of blood. It has been
shown that neoangiogenesis and neovascularization play
a central role in the growth and spread of tumors[17],
particularly for solid tumors such as oligodendrogliomas
and glioblastomas. Neoangiogenesis is the process of
vascularization of a tissue that includes the development
of new vessels in order to feed the growing tumor cells.
More aggressive tumors tend to have denser and faster
growing blood vessels. These capillaries are tortuous and
of wider caliber. They also differ from the normal capil-
laries by their immature walls and increased endothelial
gaps. Hence, these neocapillaries tend to be leaky, lead-
ing to edema of the surrounding tissue and intratumoral
hemorrhage. Increased recognition of this phenomenon
has led to multiple trials being done to treat high-grade
tumors with anti-angiogenic therapy[18,19], such as beva-
cizumab[20] for example, to halt tumor growth.

It has since been proposed that studying the mechan-
isms of vascular proliferation and quantifying tumor
blood flow by various microvascular parameters, such
as cerebral blood flow (CBF), cerebral blood volume
(CBV), etc., measured via perfusion-weighted dynamic
susceptibility contrast (DSC)-enhanced MR imaging
could be of help in assessing and grading tumors[21,22].
It has been seen that relative CBV correlates well with
angiographic and histologic parameters of tumor vascu-
larity, and the expression of vascular endothelial growth
factor[22] and tumors with high regional CBV (rCBV)
tend to be solid tumors such as high-grade gliomas or
glioblastomas[23].

The ability to visualize and analyze tumor vasculature
can therefore play an essential part in the detection and
evaluation of tumors. Various ways have been suggested
to do this with MR imaging[24]. These include studying
the signal changes associated with changes in oxygena-
tion or response to vasomodulators[25]; steady state
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approaches to measurement of perfusion by arterial spin
labeling tagging of the nuclear MR signal of water and
contrast-enhanced approaches for direct detection of
blood volume, vessel diameter, and permeability and
using these as an indirect measure of expression of spe-
cific endothelial cell markers; and utilization of intrinsic
venous contrast via SWI. SWI is arguably the simplest
and the most cost-effective of these methods because it
does not require administration of external substances or
complicated post-imaging analysis.

Besides the evaluation of macro- and microvessels, it is
also important to be able to recognize hemorrhage.
Intratumoral hemorrhages are frequently in the form of
microhemorrhages, which are very hard to detect on con-
ventional MR sequences including T2* and contrast-
enhanced T1. Areas identified as hemorrhage on conven-
tional sequences can actually be areas of necrosis[26]. The
hemorrhagic extravascular blood is constituted by mag-
netically susceptible substances such as intracellular
deoxyhemoglobin and other broken down blood pig-
ments such as hemosiderin and ferritin. These are seen
as dark hypointense regions on SWI, whereas necrosis is
usually not evident on SWI. It has since become the
preferred MR modality to study microhemorrhages.
Recent examples include the study of microhemorrhages
that appear in response to anti-angiogenic therapy[27] as
well as radiotherapy[28] on SWI performed at 7 T.

Hemorrhage can usually be separated from veins
on SWI based on the tubular structure of veins and
their continuation on multiple slices. However, their
common hypointense appearance on SWI can sometimes
lead to confusion. Sehgal et al.[29] suggested that this
confusion can be resolved by taking SWI before and
after contrast administration. Areas of blood flow
enhance, whereas areas of inactive hemorrhage do not
enhance. The use of contrast agents is also supported by
a few other authors who found that contrast agent
shortens the scan time and results in better image
quality[30,31]. However, most authors maintain that non-
contrast SWI produces results that are equivalent to con-
trast-enhanced SWI and the use of contrast agent is not
necessary[32].

Mass differential and tumor diagnosis

Early and accurate tumor diagnosis is paramount in neu-
roimaging. In a recent study, SWI was shown to be useful
for early detection and tracking of rare basal ganglia
germinomas[33]. Multiple studies have shown SWI to
be better than almost any other widely used sequence
for detecting blood and blood products[21,26]. In an inter-
class sequence comparison, SWI was found to be the best
for visualizing intratumoral architecture including small
vessels and microhemorrages[34]. This property is due to
the fact that gradient-recalled echo (GRE) sequences, in
general, are more sensitive than spin-echo (SE)
sequences to blood[35] and SWI, with its additional

phase information post-processing, is more sensitive
than T2* GRE[26]. Better detection of microbleeds and
tortuous vessels, common occurrences in cancer, leads to
better diagnosis.

Another property of SWI that could prove to be a
major asset in the differential diagnoses of intraaxial
masses is its ability to identify calcium. As the presence
or absence of calcium holds major clues to the true
pathologic nature of a lesion, the lack of ability to reliably
identify it on MR imaging frequently leads to adjunct
computed tomography (CT) scans. Statistically, a calci-
fied intraaxial supratentorial tumor mass is most likely to
be an oligodendroglioma, ependymymoma or low-grade
astrocytoma[1]. Thus, although histopathology is manda-
tory for the histologic diagnosis of a tumor, the presence
of calcium can help limit the differential.

Conventional MR sequences have repeatedly been
proved to be inferior to CT in the identification of cal-
cium. SWI has been shown to have better ability to detect
calcium compared with the conventional sequences,
although it is currently thought of as unlikely to replace
CT as the preferential imaging modality for this crite-
rion[36]. On SWI, calcium, a diamagnetic substance, is
represented with the same dark signal intensity as the
other paramagnetic substances such as deoxygenated
heme. But, the two groups of molecules show opposite
signal intensities on the filtered phase images. In a right-
handed system (such as that used by GE), diamagnetic
substances appear bright and paramagnetic substances
appear dark, and the vice versa for left-handed system
(Siemens)[7]. Hence, with information on the manufac-
turer�s choice of the system, a comparison between the
SWI and phase images can be used to identify calcium
with MR imaging (Fig. 1).

Tumor parenchyma is better differentiated with SWI
compared with conventional MR images including con-
trast-enhanced T1. In the study by Seghal et al.[21], it was
proposed that SWI could prove helpful in tumor charac-
terization. In this study, three independent radiologists
reviewed images of 44 patients with brain masses and
compared SWI with conventional sequences (T1, T1
postcontrast, T2, proton density, fluid attenuated inver-
sion recovery (FLAIR) and DWI at 1.5 T). It was found
that SWI provided complementary or better information
than conventional sequences regarding tumor visibility,
boundary definition (3/37), blood products (25/37),
venous vasculature (32/37), tumor architecture (12/37)
and edema. This means that SWI could add a 70% incre-
ment to more accurate detection of tumors. The authors
concluded that for any given lesion, a single SWI
sequence can adequately detect the tumor, depict sur-
rounding edema with FLAIR-like contrast, accurately
assess the effects on the surrounding brain anatomy,
and detect blood products with superlative contrast
while showing increased internal detail.

Another group of authors explored the benefits of SWI
in the differential diagnosis of solitary enhancing brain
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lesions (SELs) via the assessment of intratumoral suscep-
tibility signals (ITSSs) observed on SWI[37]. SELs
detected on conventional sequences could indicate a
highly varied pathology ranging from non-tumorous
lesions (tumefactive multiple sclerosis and inflammatory
granuloma) to anaplastic astrocytomas and glioblastoma
multiforme (GBMs), and their value in the differential
diagnosis remains poor. The study included retrospective
evaluation of 64 SELs. Two consensus reviews were per-
formed, one with only conventional images and another
with added high-resolution SWI, which included ITSS.
The benefits of evaluating ITSSs were obvious. ITSSs,
which were constituted by low signal intensity structures
depicting blood products, calcifications and venous vas-
culature, were seen in all of the GBMs and were absent in
all the non-tumorous lesions and lymphomas. The speci-
ficity of differentiating non-tumorous lesions from GBMs
(25/25) was 100% with the addition of high-resolution
SWI.

Differentiating predominantly necrotic GBMs from
abscesses is a frequent clinical dilemma encountered in
routine practice. Both these lesions are seen as hyperin-
tense space-occupying lesions with an enhancing hypoin-
tense rim on T2-weighted images. The rim of brain
abscesses is thought to represent the abscess capsule.
When evaluated on SWI, it was found to have a negative
phase value with certain characteristic features. The rims
of brain abscesses compared with GBMs were found to
be smoother (P50.001) and more complete (P50.001).
Seventy-five percent of abscesses (n¼ 12) were also seen
to have a dual rim sign (inner hyper and outer hypoin-
tensity rims), whereas none of the GBMs exhibited this
sign[38].

Tumor grading and SWI

The accurate grading of brain tumors has important prog-
nostic and therapeutic implications, because high-grade
lesions are handled differently from low-grade lesions.
Patients with resectable and unresectable high-grade
lesions receive either radiation therapy or combined

radiochemotherapy. Low-grade gliomas (WHO grades I
and II) are amenable to surgical resection with curative
intent, and adjuvant radiochemotherapy is only recom-
mended for patients with incompletely resected grade II
tumors or for patients older than age 40 years regardless
of the extent of resection[39]. In standard practice, a
stereotactic biopsy of the brain is considered the gold
standard for grading tumors. Of all the parameters eval-
uated on a biopsy, it was found that only vascular prolif-
eration differentially predicted both short- and long-term
survival of patients with astrocytomas[40]. Detection of
neovascularization in the tumor places it in WHO grade
IV (Figs. 2 and 3).

It has been more than a decade since the use of sus-
ceptibility effects was recommended for preoperatively
grading tumors to better influence therapy and estimate
prognosis[41]. Low SNR and poor contrast and resolu-
tion, however, proved to be major roadblocks. With
recent improvement in both software and hardware, a
lot of those issues have been resolved to a great extent.
The long acquisition time with 1.5-T scanners has been
overcome with 3 T, and it has now become feasible to
include SWI sequencing in every MR imaging scan of
suspected brain neoplasms. Higher strength of magneti-
zation also means less signal loss and higher SNR with
better pixel resolution. Because of these developments
and the apparent usefulness of assessing intratumoral
vascularity for grading tumors, various studies have
been done to establish methods to assess its usefulness.
These studies have attempted to grade tumors based on
specific criteria.

For example, Hori et al.[42] evaluated magnetic suscep-
tibility artifacts in lesions on MR images for grading
gliomas. This was based on the theory that intratumoral
hemorrhage and microvascularity correlated with tumor
grade. The tumors were analyzed based on three grading
criteria: (1) the presence of hypointensity on SWI; (2)
the ratio of the area of hypointensity in the tumor; and
(3) the dominant structure of hypointensity in the tumor.
Detection of hypointense signals and visualization of
vessels within the tumor were taken as signs of

Figure 1 Grade 1 astrocytoma. Nonspecific findings of a tumor mass on (A) T1- and (B) T2-weighted images.
Comparison of hypointensity on SWI (C) and hyperintensity on phase image (D) is suggestive of calcification, which
was confirmed on CT (E). The presence of calcification and lack of hemorrhage is also suggestive of a low-grade tumor.
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neovascularization, which are indicators of a growing
tumor. This directly correlates with tumor grade. In this
study, only the mean grading scores for the ratio of the
area of hypointensity in the tumor were statistically sig-
nificant and higher for high-grade tumors than for low-
grade tumors. An additional finding that correlated
strongly with higher grade was that of positive abnormal
enhancement around the tumor rim on postcontrast-
enhanced SWI. This is thought to be due to the break-
down of the blood�brain barrier.

Among gliomas, astrocytomas account for the majority
of tumors; glioblastoma multiforme is the most common.
Methods have been proposed to grade astrocytomas spe-
cifically. More or less the same theory of small vessel
proliferation and microhemorrhage correlation with
tumor grade was further assessed by Li et al.[34]. The
authors first compared the number of small vessels and

microhemorrhage volume seen in conventional MR
sequences to those seen in SWI in order to establish
the dominance of SWI. Their results for this criterion
were consistent with other studies. SWI was found to
be better than T2-weighted imaging and T2 FLAIR,
which in turn were found to be better T1-weighted and
contrast-enhanced T1-weighted imaging for the visualiza-
tion of vascular structures. Next, comparison of SWI
images of tumors resulted in positive findings of
increased vessels and hemorrhages with high-grade
tumors and less evidence of blood in low-grade tumors.
SWI sequences displayed on average 17.7� 12.71 small
vessels in high-grade astrocytomas, whereas low-grade
astrocytomas showed an average of only 7.9� 7.62. As
far as microhemorrhages were concerned, high-grade
astrocytomas had a mean volume of 4.84� 3.51 cm3,
and low-grade astrocytomas displayed a mean volume

Figure 2 Grade 2 astrocytoma as seen on (a) T1-weighted image, (b) T2-weighted image, (c) contrast-enhanced T1 and
(d) SWI. Note the lack of susceptibility signals in the low-grade tumor on SWI.
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of 2.19� 3.35 cm3 in SWI sequences. Microhemorrhages
and small vessels, visualized on SWI, can be taken as an
indirect measure of neoangiogenesis. Neoangiogenesis, as
discussed earlier, is an important factor in determining
the grade of the tumor. Hence, an inference that small
vessels and microhemorrhages could be used to grade
astrocytomas was made.

The position that SWI enjoys in terms of being the best
at demonstrating blood and vascular structures is further
bolstered by the development of high-resolution SWI at
3 T. This technique enables visualization of very small
vessels of millimeter thickness with a high degree of con-
trast. High-resolution SWI is seen to better portray micro-
vasculature and various other susceptibility effects. In a
study done by Pinker et al.[43], susceptibility effects seen
on high-resolution contrast-enhanced SWI correlated
with the areas of increased blood flow on positron

emission tomography (PET) scanning. Also, good corre-
lation was seen between the tumors with increased and
decreased susceptibility effects on high-resolution SWI
and their grade, which was found to be high and low
grade, respectively, on histopathologic sections done
later. A statistically significant correlation between the
frequency of intralesional susceptibility effects and
tumor grade was seen as determined by both PET and
histopathology. This technique was found to be even
better than dynamic gadolinium scanning, which only
showed diffuse postcontrast hyperintensity due to
increased rCBF in areas with blood and could not dem-
onstrate small vessels per se. Conglomerates of vascular
proliferation were seen on histopathology in areas of high
intralesional susceptibility effects. Also, because it is
common practice to biopsy the most accessible region
of the tumor (which may not always be the best indicator

Figure 3 High-grade astrocytoma (GBM) on (a) a T1-weighted image, (b) a T2-weighted image, (c) contrast-enhanced
T1 and (d) SWI. The increased number of vessels and microhemorrhages on SWI suggested a high tumor grade, which
was confirmed on pathology. Also note the high contrast with which surrounding edema is visible on SWI.
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of pathology in a heterogeneous tumor like GBM), the
authors noted that high-resolution SWI should be better
used to guide biopsies to regions of high intratumoral
vascularity so that an accurate histopathologic diagnosis
can be made.

In a similar study, Park et al.[44] proposed that high
susceptibility effects in high-grade gliomas not only
reflect tumor vascularity but also indicate considerable
susceptibility in areas of macro- and micronecrosis in
higher-grade gliomas. To make their point, they com-
pared areas of ITSSs seen on high-resolution SWI with
areas of rCBV on DSC. In good agreement with Kim
et al.[37], ITSSs were seen in all the samples of GBM
and were not seen in any of the low-grade (less than

grade II) tumors. In their comparisons, they found that
the degree of ITSS showed significant correlation with
the value of rCBVmax in the same tumor segments. Fine
linear and dotlike ITSSs did partly correspond with
regions of visual rCBVmax on coregistered images of
high-resolution SWI and rCBV maps. However, areas of
highest ITSS did not accurately correspond with the
same regions of visual rCBVmax supposedly because
ITSSs not only showed susceptibility associated with
increased tumor vascularity but also showed susceptibil-
ity from microhemorrhages and tumor necrosis. The
authors found that the diagnostic performance of high-
resolution SWI was comparable with that of DSC and
suggested a noncontrast brain imaging protocol for

Figure 4 Histopathologically confirmed grade IV GBM. (a) T2-weighted Image shows extensive necrosis and edema
with mid-line shift. (b) Contrast-enhanced T1-weighted Image shows fair enhancement of the lesion. (c) Low ADC values
are seen in the diffusion-weighted image, and (d) extensive areas of hemorrhage are seen on the susceptibility-weighted
image indicating a higher tumor grade.
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patients with contraindications to contrast agents.
However, some authors believe that the use of contrast
agents leads to shortening of scan time and better con-
trast of intratumoral parenchyma.

Other MR methods and tumor grading

Besides SWI, there is substantial material available in the
current literature on the use of other physiologic MR
sequences for grading gliomas, namely DWI, proton
MR spectroscopy (1HMRS) and PWI. Each has its
own advantages and shortcomings. A brief introduction
into the present state of research of these different meth-
ods is provided in this section. DWI is usually part of the
routine MR imaging protocol performed in the preoper-
ative assessment of patients with glioma. Apparent diffu-
sion coefficient (ADC) values obtained by DWI indicate
the amount of movement of water molecules in a partic-
ular tissue of interest. Generally speaking, areas of cyto-
toxic edema tend to have more restricted movement of
water molecules and hence, a lower ADC value. Solid
components of gliomas are also frequently seen to have
low ADC values, which is thought to be due to higher cell
density and a higher nuclear to cytoplasmic ratio in
highly mitotic cells and hence a higher-grade glioma
(Fig. 4)[45]. However, a study involving confirmation of
ADC values with stereotactic biopsies failed to find a
significant correlation between low ADC and high cell
density[36]. Hence, although low ADC values are fre-
quently seen in high-grade neoplasms, the specificity of
this method for grading gliomas remains low[46,47].

1HMRS imaging is another useful method and was
among the first to gain notoriety for its potential to
help grade gliomas[48]. It enables noninvasive measure-
ment of various chemical metabolites in the lesion of
interest, which can then be interpreted to assess the
nature of the lesion. High specificity is achieved when
using increased choline (Cho) and low N-acetylaspartate
levels to differentiate neoplastic from nonneoplastic
lesions[49,50]. Despite its potential, histologic grading
with 1HMRS remains controversial. Human gliomas
tends to be very heterogeneous, with low-grade and
high-grade regions sometimes coexisting within the
same tumor. Some authors have suggested limiting
the area of 1HMRS data to hyperperfused regions of
the tumor, as identified by PWI, to reliably differentiate
high-grade from low-grade tumors[51]. A high Cho/crea-
tine ratio has been found to be a reliable marker for high-
grade gliomas in multiple studies[51�53].

The argument made for the using SWI for grading
tumors, i.e. neovascularization is a good indicator for
tumor grade, also holds for PWI because the values of
CBV, CBF, etc. measured by this method are an indirect
measure of neovascularization. Perfusion studies involve
administration of a bolus of contrast medium. Many
tumor patients tend to have concomitant nephropathies
or allergies, making it impractical to perform the study

because of the associated toxicity of contrast administra-
tion. However, rCBV measured with DSC-weighted
imaging is considered to be a good indicator not just
for microvascular density but also for cellular density[36]

and has shown good correlation with tumor grades in
many studies[47,53,54]. The issue of frequent instances of
low-grade tumors exhibiting high levels of rCBV and
rCBF[55] remains to be solved.

Although the above discussion does not do justice to
any of the MR methods, it is clear that no individual
method is sufficient to confidently grade gliomas on its
own. Studies that have combined structural and physio-
logic MR sequences have had higher accuracy in this
regard[42]. SWI has a simplistic approach and can be
very easily fused with the conventional MR sequences,
including DWI, providing the radiologist with an estimate
of the vascularity of the tumor. Despite the potential of
MRS, the associated time, expertise and expense make it
impractical for routine use in high-volume centers.
Different sequences exhibit different unique aspects of
gliomas, many of which need consideration, if an MR
protocol to confidently grade gliomas is to be developed.

Conclusion

The theory that susceptibility signals show microvascula-
ture that correlates with tumor grade has been well vali-
dated with the help of various studies. However, the cons
of SWI lie within the technique itself. Small tweaks made
in imaging parameters lead to varying subjective results.
This lack of standardization of the SWI technique
remains an obstacle in its integration into mainstream
grading of gliomas. SWI for now plays an important
role in detecting gliomas and guiding biopsies. The goal
of noninvasive accurate grading of tumors is yet to be
realized. Further studies with greater sample size and
better collaborations are warranted in this regard.
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