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Conventional white matter (WM) imaging approaches, such as diffusion tensor imaging (DTI), have been used to preoperatively
identify the location of affected WM tracts in patients with intracranial tumors in order to maximize the extent of resection and
potentially reduce postoperative morbidity. DTI, however, has limitations that include its inability to resolve multiple crossing fibers
and its susceptibility to partial volume effects. Therefore, recent focus has shifted to more advanced WM imaging techniques such
as high-definition fiber tractography (HDFT). In this paper, we illustrate the application of HDFT, which in our preliminary experience
has enabled accurate depiction of perilesional tracts in a 3-dimensional manner in multiple anatomical compartments including
edematous zones around high-grade gliomas. This has facilitated accurate surgical planning. This is illustrated by using case ex-
amples of patients with glioblastoma multiforme. We also discuss future directions in the role of these techniques in surgery for
gliomas.
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Diffusion magnetic resonance imaging (MRI) is an imaging mo-
dality that utilizes diffusion of water to characterize microscop-
ic structures in the brain. It provides a noninvasive way to
estimate diffusivity (ie, diffusion coefficient) that quantifies
the speed of diffusion of water in tissues. A lower diffusion co-
efficient may be due to increased cellularity that restricts diffu-
sion, whereas a high diffusion coefficient may indicate free
water diffusion in an edematous condition. The diffusion coef-
ficient estimated using diffusion MRI is often referred to appar-
ent diffusion coefficient (ADC)1 since it measures the ensemble
diffusion coefficients appearing from the underlying complex
biological environment. Studies have shown a correlation be-
tween ADC and tumor cellularity,2 – 4 indicating its potential as
a disease biomarker.

It is noteworthy that ADC may not be the same in all direc-
tions. To model this anisotropic diffusion, a model-based ap-
proach called diffusion tensor imaging (DTI)5 was introduced.
It models diffusion as a Gaussian distribution, thereby allowing
quick estimation of the diffusivity in all directions. Several indi-
ces have been developed that were based on the tensor model.
Fractional anisotropy (FA) measures how diffusivity differs in
different directions.6,7 Higher anisotropy values suggest

organized diffusion of water down the axons in a certain direc-
tion (eg, as may occur with fibers in the corpus callosum). A
higher FA value therefore indicates good fiber integrity.8 Mean
diffusivity (MD) is an average measurement of the diffusivity
based on DTI. Many studies have used MD as a way to measure
ADC and correlate it with tumor cellularity.9 – 15 In addition to
ADC and FA measurements, the axonal directions derived
from the tensor can be used to track the fiber pathways creat-
ing diagrams or reconstructions termed “tractography.”

DTI-based tractography has been used in multiple studies,
including those pertaining to intracranial mass lesions.16 – 18

Tractography can provide qualitative and quantitative informa-
tion regarding potentially affected white matter (WM) tracts
around an intracranial lesion. The qualitative information refers
to the reconstruction of the WM tracts around an intracranial
lesion that, for example, can be visually analyzed to see obvious
discontinuity or change in direction of the tracts to select the
safest operative trajectory to the lesion.19 Quantitative infor-
mation refers to indices such as FA and ADC, which can be eval-
uated for a perilesional area in relation to the contralateral
homologous unaffected area in the brain. The changes in quan-
titative indices from DTI (such as FA) may reflect changes in the
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integrity of fibers,8 whereas ADC of tumors may indicate differ-
ences in their cellularity.13

The tractography data from DTI is meant to facilitate max-
imal tumor resection while minimizing postoperative deficit
because a greater extent of resection (EOR) is associated with
an improved survival time for patients with glioblastoma multi-
forme (GBM).20,21 Despite its widespread clinical use, DTI and
diffusivity-based measurements have several limitations. A
tensor model cannot describe multiple fiber conditions, and
therefore the estimation of the axonal direction is inaccurate
in the crossing fiber regions.22,23 As mentioned above, the dif-
fusivity measured by diffusion MRI is an average measurement
of the underlying diffusion environment. This implies that the
partial inclusion of fast or slow diffusion will change the ADC.
A simple tensor model cannot effectively distinguish between
these heterogeneous components (in terms of the speed of
diffusion) within a voxel, leading to the so-called “partial vol-
ume effect.”23 An example of this effect is a cerebral tumor
with surrounding edema, which can have increased or de-
creased ADC within the lesion (not specific to the cellularity of
the tumor).18,23,24 Similarly, the indices derived from DTI, such
as FA, can be affected by the crossing fiber conditions or partial
volume effects23,25,26 in the edematous zone around the glio-
mas.The underestimated FA can therefore lead to premature
termination of the fiber tracking and potential incomplete re-
construction of a perilesional tract.

These limitations compromise the utility of DTI in the evalu-
ation of edematous WM around the high-grade gliomas, which
is potentially detrimental to the surgical goal of achieving
maximal tumor resection while minimizing any postoperative
deficit.20,21 Advanced WM imaging techniques, such as high-
definition fiber tractography (HDFT), are needed to achieve
this surgical goal. Advanced WM imaging techniques overcome
the limitations of DTI-based fiber tractography by using (i) a
model-free approach to resolve the crossing fibers and (ii) a
density-based (as opposed to diffusivity-based) index such as
quantitative anisotropy (QA) that is more resistant to the partial
volume effects.27,28 Density-based indices measure the quanti-
ty of water undergoing diffusion through the WM tracts rather
than the velocity of diffusion.28

In this article, we initially review the clinical use of DTI with
cerebral neoplasms. This is followed by a discussion of recent
preliminary studies in this patient group involving comparison
of the qualitative tractography data in the perilesional edema-
tous zones derived from advanced WM imaging techniques
with that from conventional DTI. We also demonstrate the
application of HDFT for cerebral neoplasms by presenting illus-
trative cases. In particular, we show its utility with respect to
obtaining accurate qualitative data for the perilesional WM
tracts around GBMs located in multiple anatomical compart-
ments. We also discuss future directions with respect to the
role of HDFT, including the resection of low-grade gliomas
(LGG).

Diffusion Tensor Imaging and Cerebral
Neoplasms
Owing to its practicability and short acquisition time, DTI is the
standard tool in most institutions for preoperative assessment

of perilesional WM tracts around gliomas.29 The data from DTI
can be incorporated into the neuronavigation devices that
guide safe surgical resection and potentially minimize postop-
erative morbidity.30 Similarly, DTI has been used as a research
tool for evaluating the perilesional zone around gliomas, partic-
ularly to distinguish infiltration from edema. These studies have
relied on the reduction in FA in these zones, with the assump-
tion that this is attributable to both increased extracellular
water and axonal disorganization caused by infiltration of the
tumor beyond its detectable margin.24,31,32 A previous study
had demonstrated reduction in the FA values beyond the
edematous zone in the normal-appearing WM area adjacent
to gliomas, implying potential tumoral infiltration.24 Although
the reduction in FA may be helpful for potentially delineating
the tumor margins, DTI has not been used to this effect
in the clinical setting. Further, the difficulty in depicting WM
tracts accurately in the perilesional area around gliomas
using DTI33 is related to this decrease in the anisotropy. This
is unsurprising because tractography reconstructions or the
qualitative data are derived from quantitative measures of an-
isotropy such as FA.

The limitations of DTI, particularly with respect to the cross-
ing and kissing fibers, restrict its use in the evaluation of tumors
located close to anatomically complex fiber bundles(eg, optic
radiation [OR])34 and thereby reduce its overall utility in differ-
ent anatomical compartments.

Qualitative Data From Advanced White
Matter Imaging Techniques and Perilesional
White Matter Tracts Around Gliomas

Beyond Diffusion Tensor Imaging

To overcome the limitations of DTI, more complex models have
been developed and discussed in recent review papers.27,35,36

These techniques, categorized into model-free and model-
based methods, aim to resolve the crossing fibers and quantify
diffusion characteristics. The model-based methods assume a
diffusion model to derive orientation-related or diffusivity-
related parameters.37 These parameters may facilitate fiber
tracking and further quantitative analysis. The model-free
methods use an orientation distribution function (ODF) to
describe the diffusion distribution. The peak orientations on
the ODF can be used as the fiber orientation for further fiber
tracking.38 ODF estimation requires signal responses at different
diffusion sampling directions. This leads to high angular resolu-
tion diffusion imaging (HARDI),22 a sampling strategy that ac-
quires diffusion images using multiple diffusion sampling
directions (usually .100) at the same diffusion gradient
strength. Another ODF estimation approach makes use of
both multiple diffusion sampling directions and gradient
strengths. This is enabled by methods such as diffusion spec-
trum imaging (DSI)39,40 and generalized Q-sampling imaging
(GQI).41 GQI has been shown to improve the depiction of cross-
ing fibers42 – 44 and provides directional and quantitative infor-
mation about the crossing fibers. It is not surprising, therefore,
that the advanced WM imaging techniques are being increas-
ingly applied for evaluation of perilesional WM tracts around
gliomas.33,34,45,46
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Recent Literature

Three recent research papers are noteworthy for demonstrat-
ing the advantages of advanced WM imaging algorithms
for depicting perilesional WM tracts around gliomas, while car-
rying out a comparison with DTI.33,34,45 Zhang et al demon-
strated the differences between GQI-based tractography and
DTI for preoperative mapping of WM tracts in peritumoral
edema occurring in 5 patients. They demonstrated that GQI-
based tractography could fully display existing intact fibers in
the edematous zone compared with DTI, in which the same
fiber tracts were incomplete, missing, or ruptured.33 In at
least one of the cases, missing fibers, seen on DTI in the edem-
atous zone reappeared after lesionectomy and resolution of the
edema.33 This indicated that the missing fibers were not visu-
alized because of partial volume artifact rather than true axo-
nal loss. GQI, in contrast, is less susceptible to partial volume
effect and therefore may faithfully reveal the tract integrity.

In another study, HARDI-compressed sensing (CS) tech-
nique-based fiber tractography was compared with DTI for
evaluating WM tracts around gliomas located in the lan-
guage-related areas in 6 patients,45 (2 of whom had GBMs).
Using the HARDI-CS algorithm, more compact language fiber
bundles were demonstrated, compared with DTI in all cases.
Specifically in 3 cases, HARDI-CS was able to demonstrate
fiber bundles in the orientations consistent with neuroanatom-
ical knowledge in the edematous peritumoral region, which
could not be visualized with DTI. Ability of DTI to demonstrate
proper curvature of the tract was also compromised in 4 cases.
The use of HARDI-CS-based tractography was advocated for
larger tumors with significant peritumoral edema. An addition-
al advantage was related to a shorter acquisition time for this
sequence at 15 minutes per patient, making it more clinically
accessible.45 A further study from the same group compared
HARDI-CS with DTI-based tractography of the OR in 8 patients
with temporal lobe gliomas.34 Four of the 8 patients had GBM.
The OR was displayed more conclusively in all patients when
compared with DTI. This advantage was highlighted for high-
grade glioma cases with significant perilesional edema, larger
size, or closer proximity to the reconstructed tract.34 These
preliminary studies demonstrated the advantages of using ad-
vanced techniques for evaluating WM tracts around high-grade
gliomas associated with significant edema. This is particularly
applicable for cases requiring reconstruction of complex fiber
bundles, such as the OR or arcuate fasciculus (AF).

Application of High-definition Fiber Tractography
With Gliomas

General Information

HDFT46 addresses the limitations of DTI by using DSI for acqui-
sition,39 GQI for fiber orientation estimation,41 a generalized
deterministic fiber-tracking method,28 and other innovations.47

We have reported its use in anatomical studies on several tracts
including corticospinal tract (CST),47 middle longitudinal fasci-
cle,43 and AF48 as well as clinical studies concerning its utility
for surgical planning involving tumors and CMs.19,46 One of
the key advantages for using HDFT is the ability to obtain accu-
rate qualitative data in terms of reconstructing multiple perile-
sional WM tracts in a 3-dimensional fashion around mass

lesions, which assisted in accurate surgical planning.19,46 The
accuracy of reconstructed perilesional WM tracts in the perile-
sional zone is evaluated in light of their consistency with the
known locoregional neuroanatomy. In a recent study,19 the
utility of HDFT was demonstrated through illustration of the
precise spatial relationship of CMs with multiple perilesional
WM tracts, which was helpful for surgical trajectory planning.
We further showed the occurrence of disruption and/or dis-
placement around the CMs.19 These changes were supported
by the QA, which is an anisotropy index derived from the ODF.

The extent of perilesional edema associated with gliomas is
greater than that with CMs, leading to further diffusion disturb-
ance as observed with DTI. In our clinical experience, however,
this greater extent of perilesional edema has not been prohibi-
tive with respect to obtaining accurate qualitative tractography
data for surgical planning. This is demonstrated by case exam-
ples below describing application of HDFT with GBMs located in
multiple anatomical compartments, including for reconstruction
of complex fiber bundles. Potential explanations relate to the QA,
which serves as a reliable stopping criterion for fiber tracking and
therefore accurately demonstrates endpoint connectivity be-
tween cortical and subcortical regions.33 QA, as a directionally
specific quantitative measure overcomes some of the limitations
of FA, and therefore DTI, in demonstrating multiple crossing fi-
bers. This is linked to QA being less sensitive than FA to partial
volume effects, as demonstrated in our recent study.28 Similarly,
its resistance to partial volume effects leads to better qualitative
tractography data in perilesional edematous zones.

Illustrative Cases With Glioblastoma Multiforme

Supplementary material, Figs S1–S4 demonstrate depiction of
WM tracts via fiber dissection and HDFT reconstructions in non-
pathological brains).

Motor System. Case 1: A 54-year-old male presented with
complaints of right upper extremity weakness, numbness,
and a single partial seizure (see Supplementary material,
Fig. S1). On examination, he was found to have minimal weak-
ness in his right upper and lower limbs. MRI of the brain dem-
onstrated a left frontoparietal lesion around the central sulcus,
located predominantly in the postcentral gyrus (Fig. 1). HDFT
was used to preoperatively demonstrate the location of the an-
teriorly displaced CST in the perilesional edematous zone. The
tumor was resected via image-guided left frontoparietal crani-
otomy and cortical/subcortical mapping of the motor tract.
Postoperatively, the patient had no neurological deficits.

Case 2: A 67-year-old female presented with a recent history
of worsening right-sided hemiparesis leading to difficulty with
ambulation. A decade ago, she had suffered a middle cerebral
artery territory infarction leading to longstanding hemiparesis.
MRI of the brain demonstrated a left-sided basal ganglia mass.
Preoperative HDFT showed an anteromedially displaced CST
coursing through the perilesional area (Fig. 2). The lesion was
resected via an image-guided left frontotemporoparietal crani-
otomy with adjunctive use of intraoperative electrical stimula-
tion of the motor fibers. Consistent with the HDFT, the electrical
stimulation in the anteromedial and deeper aspects of the
tumor led to a positive response for the internal capsule. A
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residual cuff of tumor was left along this margin to avoid wors-
ening her motor function. Postoperatively, her neurological
function was stable.

Visual System. Case 3: A 65-year-old male presented with a
history of confusion and visual disturbance (left-sided incongru-
ous homonymous hemianopia) (see Supplementary material,
Fig. S2). MRI of the brain revealed a right-sided parieto-occipital
lesion. A preoperative HDFTdemonstrated medially and inferiorly
displaced OR in the perilesional edematous area. The tumor was

resected via an image-guided right parieto-occipital craniotomy
with particular attention to the deeper, medial, and inferior as-
pects of the tumor adjacent to the atrium, where the OR was
identified preoperatively. Postoperatively, the visual field deficit
improved (Fig. 3), corresponding to the improvement in the con-
figuration of the OR.

Language System. Case 4: A 69-year-old female presented
with speech difficulty and confusion lasting several weeks
(see Supplementary material, Fig. S3). On examination, she

Fig. 1. (A) MRI of the brain in Case 1 demonstrated a contrast-enhancing lesion in the left postcentral gyrus with associated perilesional edema. (B)
Preoperative high-definition fiber tractography (HDFT) revealed an anteriorly displaced corticospinal (Cort-sp.) tract compared with the
contralateral side as demonstrated by the cortical end points of the tract. (C) Preoperative HDFT was used to demonstrate the corticospinal
and supplementary motor area (SMA) fibers coursing adjacent to the lesion in the edematous zone. (D) Early postoperative MRI of the brain
with contrast demonstrated a resection cavity in the postcentral gyrus, limited anteriorly due to the location of the precentral gyrus and
preoperatively identified displaced corticospinal tracts. (E) A delayed follow-up MRI after chemoradiotherapy shows evidence of resolution of
some of the postoperative residual tumor.
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had mild expressive dysphasia. MRI of the brain (Fig. 4) revealed
a left-sided insular lesion extending to the fronto-orbital oper-
cula and left temporal lobe with associated perilesional edema
and contrast enhancement. Preoperative HDFT was performed
to identify the cortical endpoints of the AF, both at the frontal
and temporal regions (Fig. 4). Interestingly, both the uncinate
and inferior fronto-occipital fascicles were not visualized due
to potential disruption by the tumor. Given the degree of
mass effect, perilesional swelling, and potential length of sur-
gery, a decision was made to not perform intraoperative lan-
guage mapping. The patient underwent an image-guided left
frontotemporal craniotomy involving wide opening of the syl-
vian fissure and identification of the lateral lenticulostriate ar-
teries. Most of the tumor, including its temporal lobe extension,
was removed through a transsylvian approach. Additionally, a
small corticotomy was made in the left fronto-orbital region
to remove the fronto-orbital extension. The location of the
entry point was based on preoperative information from the

HDFT study, which had identified the frontal origin of AF as
being posterior to the area of the corticotomy. Postoperatively,
there was no worsening of her speech.

Limbic System. Case 5: A 68-year-old male presented with a
history of cognitive disturbances and left-sided hemineglect
syndrome lasting several weeks (see Supplementary material,
Fig. S4). Examination revealed a left-sided hemineglect syn-
drome. MRI of the brain showed a posterior right cingulate
(Fig. 5) lesion extending towards the isthmus and the parahip-
pocampal gyrus. HDFT demonstrated disruption of the posterior
right cingulum, inferolateral displacement of the forceps major,
and lateral displacement of the OR in the edematous area.
An image-guided posterior interhemispheric approach was per-
formed to resect the tumor involving the cingulate gyrus and
the medial aspect of the encysted atrium. The lateral aspect
of the atrium and adjacent OR were carefully preserved.

Fig. 2. (A) MRI of the brain in Case 2 demonstrated a left-sided contrast-enhancing basal ganglia mass with evidence of a previous middle cerebral
artery territory infarction. (B) Preoperative high-definition fiber tractography revealed a displaced corticospinal tract (Cort-sp.) in the perilesional
area. (C) T2-weighted MRI of the brain further delineated the tumor. (D) Postoperative contrast-enhanced MRI showed a residual cuff of tumor
along the margin adjacent to the corticospinal tract and thalamus.
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Postoperatively, there was marked improvement in the pa-
tient’s hemineglect syndrome.

Limitations and Future Directions

Limitations

All tractography studies have reproducibility issues, at least in
part due to their reliance on the operator’s expertise in terms

of selecting the regions of interest and segmentation of the ob-
tained tracts. Although automated techniques may reduce this
bias, manual tractography still remains the best approach for
demonstrating the orientation of the affected perilesional
WM tracts for surgical trajectory planning. Qualitative data
from tractography-based studies with DTI or advanced WM im-
aging techniques need interpretation with a sound knowledge
of fiber tract anatomy.18,19 This is paramount in the setting of
mass lesions because an abnormal trajectory of a fiber may be

Fig. 3. (A) MRI of the brain in Case 3 demonstrated a right-sided contrast enhancing parieto-occipital lesion leading to left-sided homonymous
hemianopia (panel below). (B) Preoperative high-definition fiber tractography (HDFT) showed medially and inferiorly displaced optic radiation (Optic
Rad.) in the perilesional edematous area. (C) Postoperative MRI with contrast confirmed an adequate resection with a small residual on the medial
margin adjacent to the optic radiation. (D) Postoperative HDFT confirmed the improvement in the configuration of the displaced optic radiation
(red: preoperative; green: postoperative). This was accompanied by an improvement in the visual field deficit (panel above).
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either technical in origin or real.18 A criticism has been the scan-
ning time with the advanced techniques. A current trend in the
diffusion field is to use fast scanning sequences,49 which have
substantially reduced the scanning time to 10–15 minutes.
Despite this reduction, the scanning time may limit its exten-
sive use in the clinical setting and lead to a potential compro-
mise of the accuracy related to possible patient discomfort or
movement.

It is noteworthy that experience with advanced WM imaging
techniques is preliminary in both the research and the clinical

areas. The majority of the experience has been acquired with
DTI. Even with conventional DTI, its use in the clinical setting
(eg, in the resection of a neoplasm) is dependent upon its avail-
ability and the preference of the institution and the surgeon.

A recent review assessed whether image-guided surgery, in-
cluding DTI neuronavigation among other modalities, offered
any advantage in terms of improving the EOR or reducing ad-
verse events in high-grade glioma surgery.50 Data were exam-
ined with respect to 238 patients undergoing surgery with the
aid of DTI neuronavigation. Although the extent of resection

Fig. 4. (A, axial) and (B, coronal) Preoperative MRI with contrast in Case 4 demonstrated an enhancing left insular lesion with extension into the
fronto-orbital operculum and the temporal lobe. (C) Preoperative high-definition fiber tractography (HDFT) demonstrated the course of the arcuate
fasciculus (Arc. Fas.) through the perilesional edematous area. Arrow (yellow) represents the site of the corticotomy in the frontal operculum. (D)
Frontal termination of the arcuate fibers was identified in the pars opercularis, precentral gyrus, and middle frontal gyrus using HDFT and to help
with the decision-making regarding the site of corticotomy in the frontal operculum. (E) A representative anatomical view in a cadaveric specimen
shows the insula with overlying M2 branches of the middle cerebral artery and the location of the pars triangularis (Pars triang.) and the superior
temporal gyrus (STG). (F) A comparable intraoperative view is presented after debulking of the tumor in between the M2 branches. The location of
the pars triangularis is demonstrated.
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was increased with DTI neuronavigation, the evidence was
judged as being very low quality using the grades of recommen-
dation, assessment, development and evaluation criteria.50

There was no clear evidence of improvement in overall survival
using DTI neuronavigation. Overall, there was poor evidence
that DTI neuronavigation increased the percentage of patients
with high-grade glioma who had complete tumor resection as
evaluated by the postoperative MRI. There was similarly a theo-
retical concern about the reporting of adverse events in the ex-
amined studies.50 This highlights the need to evaluate the utility
of tractography-based data from DTI or advanced WM imaging
techniques in surgery for gliomas using well-designed studies.

Future Directions

To reduce the subjectivity of interpreting qualitative data, the
use of a combined qualitative and quantitative approach may
be helpful,19 as was validated in CMs using overall and perile-
sional mean QA for the affected tracts. Our current approach
in an ongoing study involves applying similar methodology to
characterize changes in the perilesional WM tracts around
high-grade gliomas. This approach can potentially provide
information on the integrity of a fiber tract of interest, with pos-
sible implications for prognostication and neurological re-
covery. Currently, diffusion phantom studies are also being

Fig. 5. (A, sagittal); (D, axial), and (G, coronal) Preoperative MRI with contrast revealed a right-sided enhancing posterior cingulate lesion with an
encysted atrium (G). (B, sagittal) and (E, axial) Preoperative high-definition fiber tractography (HDFT) characterized the qualitative changes in the
perilesional white matter (cingulum, forceps major [Forceps Maj.] and optic radiations [Optic Rad.]). (H) Postoperative HDFT demonstrated
disruption in the forceps major (Forceps Maj.) due to the surgical trajectory through this potentially infiltrated fiber bundle. (C, sagittal);
(F, axial) and (I, coronal) Postoperative MRI with contrast demonstrated the resection cavity in the posterior cingulum with resolution of
the tumor cyst.
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carried out to develop more robust quantitative metrics, which
may better characterize the morphology of perilesional WM
tracts adjacent to gliomas in the future.

Beyond surgical planning, the utility of HDFT in terms of re-
ducing adverse events associated with a potentially increased
EOR will need further evaluation. In view of the preliminary
accuracy of cortical termination points from HDFT,46 its correla-
tion with functional MRI19 data and results from the intraoper-
ative WM stimulation for cerebral lesion are being examined at
our institution. This will pave the way for a potential clinical
study in which the data from HDFT-based tractography may
be used to guide surgical resection, without intraoperative sub-
cortical WM stimulation, in a cohort of patients with GBM. The
outcome will need evaluation in terms of assessing potential
morbidity associated with the surgical resection and EOR. The
obvious difficulty in setting up well-designed clinical studies in
this setting relate to patient outcome being dependent upon
multiple factors, including the eloquence of the perilesional
anatomy.

The application of data derived from advanced WM imaging
techniques to enable maximal safe resection of LGGs will also
need to be explored. Increasing the EOR in LGGs has been
shown to improve overall survival and malignant progression-
free survival.51 Traditional imaging modalities used for pre-
operative and intraoperative surgical guidance have typically
utilized fluid-attenuated inversion recovery sequences. Current-
ly, cortical and subcortical stimulation mapping is an invaluable
intraoperative tool for maximizing the EOR and maintaining
functional integrity.52 – 54 HDFT may be used in combination
with subcortical stimulation to potentially maximize the EOR
while preserving neural function.

Another potential future application may be the use of ad-
vanced WM imaging techniques in distinguishing infiltration
from edema around gliomas. Most of the current focus has
been directed towards obtaining tractography reconstructions
for the WM tracts around these lesions to enable safer surgical
planning. With increasing application of HDFT and other such
imaging techniques in the future, quantitative measures will
need validation in terms of their ability to distinguish reliably
between unaffected WM tracts and affected and potentially in-
filtrated tracts.

Conclusion
In this article, we have briefly mentioned the clinical use of DTI
in cerebral neoplasms. Recent preliminary studies in this patient
group, using advanced WM imaging techniques, have demon-
strated the superiority of qualitative WM tractography data in
the perilesional edematous zone relative to the information
from conventional DTI. The ability to demonstrate neurona-
tomically complex fiber bundles in the perilesional edematous
zone around high-grade gliomas in a 3-dimensional manner
using HDFT is clearly useful in neurosurgery. Future studies
will need to be correlated with functional imaging modalities
and intraoperative WM stimulation.

Supplementary Material
Supplementary material is available at Neuro-Oncology Journal
online (http://neuro-oncology.oxfordjournals.org/).
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