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Abstract

Gold-Magnetic Resonance Imaging (MRI) plays an
important role in the detection of brain tumors. It is
generally accepted that conventional magnetic resonance
imaging (MRI) tends to underestimate the size of a tumor,
which in turn can lead to a suboptimal treatment.
Diffusion-weighted imaging (DWI) is an acceptable
technique for studying the movements of water molecules
of tissue. In diffusion-weighted imaging we may face with
drastically different signals, depending on cell density and
the type of tissue. Measuring the diffusion coefficient in
brain tumors allows the classification of tumor types and
provide a definitive diagnosis of some kinds of tumors. The
main goal of any non-invasive imaging technique is to
determine the location and size of the tumor and also the
detection of its infiltration in brain tissue. Many attention
was paid for the proper identification of reversible changes
of tumor in normal brain tissue, such as edema and
translocation. DWI technique has become an important
part of MRI for patients suffering from brain tumors.
Differential diagnosis of benign and malignant tumors of
the brain are vital, and it facilitates to choose strategies for
treatment of malignant tumors. Indeed DWI does not need
to contrast enhancement, so it is a non-invasive method.
Measuring the average of ADC map is helpful, especially
when T, and T, images do not give enough diagnosis
information because it provides the study of tissue
definitive features. In the present article, the merits and
demerits of the techniques have been discussed.

Introduction:
The main goal of any non-invasive imaging technique is to
determine the location and size of a tumor and also the
detection of'its infiltration in brain tissue. Till date, many
attention was paid for the proper identification of
reversible changes of tumorin normal brain tissue, such as
edema and translocation. This information is very
importantinreaching favorable treatmentresultswith the
least damage to the basic functional structures of the
brain. Non-invasive imaging techniques are very effective
in the treatment of brain tumors before surgery, for
planningandatthe time of surgeryand also forcontroland
evaluating of treatmentresponse (Cha, 2006; Belden et al.,
2011; Bangiyevetal., 2014).

Brain tumor response to treatment has been assessed
using the MacDonald scale. MacDonald scale is based ona
bi-dimensional measurement of tumor enhancement by

MRIor CTscan (MacDonald, 1990).

Computerized tomography imaging technique may
be used as the first method for diagnosing the patients
with brain tumor, but MRI is the most important imaging
technique in thisregard. CT scan isan emergency imaging
technique in diagnosing bleeding, hernia, and
hydrocephalus but it is less successful in studying brain
tumors and calcification (Lee & Van Tassel, 1980;
Eskandaryetal., 2005).

MRI is one of the most valuable techniques in
studying brain tumors (Tsuruda et al., 1990). At first,
features of the tumor is investigated by T- weighted
imaging of before and after injection and also the same is
investigated by T2- weighted imaging. Enhancement
happens in T- weighted images after paramagnetic
injection due to a local breakdown in the blood-brain
barrier.
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Given that tumor enhancement primarily reflects the
breakdown of the blood-brain barrier, it may not reflect
true changes in tumor growth. Such as, for patients treated
with chemoradiation, ‘pseudoprogression’ can occur
where there is an increase in tumor enhancement on MRI
suggestive of tumor progression, but without increased
tumoractivity (Brandsma & Vanden Bent, 2009).

However, tumor growth is not always associated with
the breakdown in the blood-brain barrier, and as an
enhancement with not happen in contrast. In this case, we
can study the tumor based on the tissue type,
inflammation, having increased permeability in blood
vessels or other abnormal changes. In comparison with
spinechoT,-weighted imaging with contrast injection, and
fast spin echo T2-weighted imaging, DWI is a very
powerful technique in diagnosing of tissue abnormality
and microscopic changes in different brain diseases
(Okamotoetal.,2000).

Basicprinciplesof DWI:

Diffusion or spreading is a physical property which
explains accidental movements of water molecules in
response to heat in the microscopic scale. These
movements are limited by cellular membrane of macro-
molecules. 90% of protons which produce MRI signals
existinwater molecules, so movements of water molecules
could havesignificantrolein MRI.

Total three points should be considered in the
measurementof diffusion by MRIsignals:

1. DWIisanon-invasive technique and does not need an
injection of contrast.

2. DWI measures the movements of water molecules in
diffusiongradientaxis.

3. Accidental movements of water molecules (diffusion)
cause a decrease in signal, while oriented membrane
(stream) cause a transportation in phase in DWI, so
they cannot be separated (Le Bihan, 1990; Le Bihan et
al.,1988).

As awhole, the relationship between a primary signal
(before implementing diffusion gradients) and reversing

signal after implementing diffusion gradients could be

explained by this formula: S=Soe "’

So as a whole, image contrast of DWI is controlled by
an internal (D) and an external parameter (b)(Mori &
Tournier, 2013). The unit of b-value iss/mmz2. D is constant
in this formula and it also includes the external diffusion
correlationand itisshown by mmz/s.

Diffusion-weighted and apparent diffusion

coefficient:

Diffusion-weighted imaging is based on the random or
Brownian motion of water molecules in relation to their
thermal energy DWI which is used to assess brain tumors
and while it gets some limited success as a definitive
prognostic tool, its proponents suggest that in certain

setting it can increase both the sensitivity and specificity
of MRimaging.

One example of a specificarena in which DWI may be
helpful is in distinguishing between brain abscesses and
necrotic and cystic neoplasms on MRI. A differential
diagnosis for benign and malignant tumors of the brainare
vital, and it helps to choose strategies for treatment of
malignant tumors. Tumor biopsies are classified by
standards of world health organization (WHO) (Kleihues
et al, 1992). The WHO classified brain tumors in 4
categories: first-grade tumors are non-invasive and grade
four tumors are very invasive. This classification is based
on histological features such as mitosis, necrosis and
permeability ratio. Several studies have described the
usefulness of DWI for brain tumors (Louis et al., 2007). In
one study the average amount of ADC in solid benign
tumors was seen much more than malignant masses
(Wang et al.,, 2003). The study included cancer,
lymphoma, benign adenoma and benign cysts. Further, th
study also reported that the value of ADC in lymphoma
wassignificantly lowerthan malignant tumors.

Abscesses exerts a high signal on DWI with a reduced
Apparent Diffusion Coefficient (ADC) within the cavity.
This restricted diffusion is directly relate to the
characteristic of the pus filled in the cavity, which in turn
reduce water mobility, lower ADC, and a bright signal on
DWLI. By contrast, necrotic and cystic tumors display a low
signal on DWI (similar to the CSF in the ventricles) withan
increased ADC as well as isointense or hypointense DWI
signal intensityin the lesion margins.

DWI is also an effective way of differentiating an
arachnoid cyst from epidermoid tumors. Both lesions
present similar signal intensity characteristic of
cerebrospinal fluid (CSF) on T,and T, sequences (fig.-1).
The ADC values of epidermoid tumors are similar to those
of the brain parenchyma, whilst ADC values of arachnoid
cysts are similar to those of CSF (fig.-2) (Srinivasan et al.,
2008; Berensetal.,1990).

Figure-1: An expansive lesion in the left aspect of the posterior
fossa, demonstrating similar signal intensity to CSF and high
diffusibility. (Diagnosis: Arachnoid cyst)

An expansive lesion in the left aspect of the posterior fossa,
demonstrating similar signal intensity to CSF and high signal
intensity on diffusion-weighted imaging (DWI).

(Diagnosis: Epidermoid)
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In certain settings, diffusion-weighted imaging can
increase both the sensitivity and specificity of MR
imaging in the evaluation of brain tumors by providing
information about tumor cellularity, which perhaps
improve prediction of tumor grade. The mechanism in
which DWT helpsin the tumor grading is based on the fact
that free water molecule diffusivity is restricted by
cellularity increase in high-grade lesions. The reduction in
extracellular space caused by tumor cellularity causes a
relative reduction in the apparent diffusion coefficient
(ADC)values (Jemal et al., 2002; Brunberget al.,1995).

Figure-2: An expansive lesion in the left aspect of the posterior
fossa, demonstrating similar signal intensity to CSF and high
signal intensity on diffusion-weighted imaging (DWI).
(Diagnosis: Epidermoid)

In predicting the malignancy rate, the threshold
amount of ADC is 1.22 x 10-3mm2 / S with 86% accuracy,
84% sensitivity and 91% specificity. These result was
reported by Maeda et al. (2005) as per which ADC level in
lymphoma was significantly lower than malignant
tumors. This study shown a significant different in ADC
level between benign tumors (1.50+ 0.48 x10°’mm’/S) and
malignant tumors (1.07+0.29x10°mm’/ S). Some scientists
believe that there is an inverse relationship between ADC
and cellularity of brain tumors. There isalsoalimitation in
spread in higher cellularity. Cellularity of tumor is an
important factor in diagnosis of tumor and it can be
analyzed by a specific software. A significant correlation
between the ADC on the one hand and tumor cellularity
and tumor grade on the other exist (Eis et al., 1994; 1995;
Els et al., 1995, Gupta et al., 1999; 2000; Sugahara et al.,
1999; Castillo et al., 2001; Gauvain et al., 2001; Nonomura et
al.,2001;Konoetal.,2001; Guoet al., 2002).

Studies also predicted the limitation of spread in high
grade Gliomas (Alvarez-Linera et al., 2008), brain
lymphoma (Akter et al., 2008) and brain abscess (Mishra
etal.2005). Further, ADCvalueis high in Vasogenicedema
around tumor (fig.-3).

Pretumoral edema could be seen as an increase of
signal in T,/FLAIR hyperintense around main mass. In
some of the cases, this could be vasogenic edema around
the tumor, like metastasis. However, in Glioma, pretumor
edema is mostly because of infiltration of tumoral cells in
areas with a decrease of the signal in T,/FLAIR sequence
(Klatzo, 1967; Lu et al., 2003). Perhaps most helpfully,
high-grade tumors in some studies been found to have low

Ambient Science, 2018: Vol. 05(Sp1); 01-06
DOI:10.21276/ambi.2018.05.sp1.ga01

ADC values, suggesting a correlation between ADC values
and tumor cellularity. Whereas elewhere ADC values
found in high and low-grade gliomas seen to be overlapped
uptofarextent (Lawet al., 2002; Barajaset al., 2013).

Figure-3: A 72-year-old female presented with mental and
language disturbance, since 20 days. Enhancinglesion, restricted
diffusionon DWIand ADC. (Diagnosis: Lymphoma).

It is well known that the brain tumors, especially the
gliomas, are heterogeneous. Usually within the same
neoplasm grade, mostly high-grade, different histologic
features of grades II-1V are seen. This limitation may also
be explained by the fact that it is not only the tumor
cellularity that isresponsible for reducing the diffusibility.
Lymphoma, a highly cellular tumor, has hyperintensity on
DWI and reduced ADC values. While meningiomas also
have a restricted diffusion, displaying low ADC values,
they rarely present difficulty in diagnosis (Barboriak et al.,
2003;Tienetal.,1994; Krabbeetal.,1997).

The DWI can be helpful upto some extent in
distinguishing medulloblastoma from other pediatric
brain tumors, as it seems to display restricted diffusion
presumably because of the densely packed tumor cellsand
a high nuclear-to-cytoplasm ratio (Le Bihan et al., 1993).
The technique of calculating the ADC coefficient for a
given volume on a voxel by voxel basis for histogram
analysis has been described by several authors (Pope et al.,
2009; 2011; Murakami et al., 2007). Important differences
exist among ADC analyses of these authors. Pope et al.
(2009) used ADC values from regions of interest
corresponding to the enhancing portion of the tumoronly;
they excluded regions of non-enhancing T2-weighted
signal hyperintensity, which represent edema and/or
infiltrative tumor (Pope et al., 2009; 2011; Murkami et al.,
2007) included these regions of T, signal hyperintensity in
theiranalysis.

Necrosis caused by therapy or tumor growth degrades
cellular integrity and is thought to increase the ADC of
tissue (Pope et al., 2006; Mardor et al., 2004). This is in
contradistinction to areas of high cell density, where the
ADC is low, since water molecules are more restricted in
their movement within cells compared to the extracellular
space (Sugahara et al., 1999; Chen et al., 2005). Although
studiesshow theabilityof ADCindescribing brain tumors,
there is a small weakness in resolution.Usually studying
tumors will do after injection in spin echo weighted in T,
sequence and also ADC would be investigated. So, the
finding of DWIshould always be in combination with MRI
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findings for investigation of brain tumors.spin Echo Ti-
weighted is done after injection and the specific location
would be identified and then it would be investigated in
ADCmap.

Influence of field strength on apparent

diffusion coefficientvalues:

In comparison with 1.5 T systems, 3T systems with phased
array coil and parallel imaging techniques help us to take
high-quality images with DWI and also have a lower
signal-to-noise ratio (SNR) for ADC map. But most of the
previous DWIstudies on brain tumors has been done with
1.5 T systems and significant differences between ADC
level of white and grey matters of the brain have been
reported (Guo etal., 2001). Further studies shown that the
power of magnetic field in taking DWI is also very
important (Changetal., 2005).

Technicallimitations:

Though initial reports suggest advantages of DWI in the
evaluation of patients suffering from brain tumors, but
such reports were largely single-center, uncontrolled, and
preliminary findings. Therefore those results should be
cautiously interpreted (Huisman et al., 2006). There are
some limitations in taking DW images, especially in the
head area. In relation to EPI, magnetic susceptibility
artifact and chemical shift artifact lead to decrease of
image quality (Krings et al., 2001). Magnetic susceptibility
artifact is because of empty spaces in the head such as
paranasal sinuses and mastoids. As a result, it makes
identification of ADC hard and lead to decrease in
intensity of DWIsignals.

Furthermore, there remain substantial technical
hurdles, even though the rapidevolution of MRI systems
makes ever more powerful approaches possible. Such
improvements are particularly welcome given the limited
signal-to-noise ratio of diffusion overall. Nevertheless,
theseinitial dataare promising(Guye et al., 2003).

Conclusions:

SDWI technique, a non-invasive method has become an
important part of MRI for patients suffering from brain
tumors. From it the measuring the average of ADC map is
helpful, especially when T, and T, images do not give
enough diagnosis information because it provides the
study of tissues' definitive features. This technique is
highly useful during treatment. However, it is not enough
alone for studying brain tumors and it should be
correlated with information received from Structural
sequence MRI. For decreasing the scan time and other
limitations in spatial resolution, we need more
improvementsin thisregard.

Acknowledgment:
The authors are thankful to all such officials and persons who
haddirectly orinedrectly helped usto conclude this partof study.

References:

Akter, M., Hirai, T., Makino, K., Kitajima, M., Murakami, R.,
Fukuoka, H., Sasao, A., Kuratsu, J. & Yamashita, Y. (2008):
Diffusion-weighted imaging of primary brain lymphomas:
effect of ADC value and signal intensity of T2-weighted
imaging. Comput. Med. Imaging. Graph. 32(7):539-543.

Alvarez-Linera, J., Benito-Leon, J., Escribano, J., & Rey, G. (2008):
Predicting the histopathological grade of cerebral gliomas
using high b value MR DW imaging at 3-tesla. [
Neuroimaging., 18(3):276-281.

Bangiyev, L., Rossi, Espagnet, M.C., Young, R., Shepherd, T.,
Knopp, E., Friedman, K., Boada, F., & Fatterpekar, G.M.
(2014): Adult brain tumor imaging: state of the art. Semin.
Roentgenol., 49(1):39-52.

Barboriak, D.P. (2003): Imaging of brain tumors with diffusion-
weighted and diffusion tensor MR imaging. Magn Reson
Imaging. Clin. N. Am., 11(3):379-401.

Belden, C.J., Valdes, P.A., Ran, C., Pastel, D.A., Harris, B.T., Fadul,
C.E., Israel, M.A., Paulsen, K. & Roberts, D.W. (2011): Genetics
of glioblastoma: a window into its imaging and
histopathologicvariability. Radiographics. 31(6): 1717-1740.

Berens, M.E., Rutka, J.T. & Rosenblum, M.L. (1990): Brain tumor
epidemiology, growth, and invasion. Neurosurg. Clin. North
Am.,1(1)2-18.

Brandsma, D. & van den Bent, M.]. (2009): Pseudoprogression and
pseudoresponse in the treatment of gliomas. Curr Opin
Neurol., 22(6):633-638.

Brunberg, J.A., Chenevert, T.L., McKeever, P.E., Ross, D.A., Junck,
L.R., Muraszko, K.M., Dauser, R., Pipe, ].G. & Betley, A.T.
(1995): In vivo MR determination of water diffusion
coefficients and diffusion anisotropy: Correlation with
structuralalteration in gliomas of the cerebral hemispheres.
AJNRAm. ]. Neuroradiol ., 16(2):361-371.

Barajas, R.F. Jr., Hess, C.P., Phillips, ].J., Von Morze, C.J., Yu, J.P,,
Chang, S.M., Nelson, S.J., McDermott, M.W., Berger, M.S. &
Cha, S. (2013): Super-resolution track density imaging of
glioblastoma: histopathologic correlation. AINR Am. J.
Neuroradiol. 34(7):1319-1325.

Castillo, M., Smith, J.K., Kwock, L. & Wilber, K. (2001): Apparent
diffusion coefficients in the evaluation of high-grade
cerebral gliomas. AINR Am. J. Neuroradiol., 22(1): 60-64.

Cha, S. (2006): Update on brain tumor imaging: from anatomy to
physiology. AINRAm. .] Neuroradiol., 27(3):475-487.

Chang, S.C., Lai, PH., Chen, W.L.,Weng, H.H., Ho, J.T. & Wang,
].S. (2002): Diffusion-weighted MRI features ofbrain abscess
and cystic or necrotic brain tumors:comparison with
conventional MRI. Clin. Imaging, 26(4):227-236.

Chen, J., Xia, Y.C., ZhouXia, L.M., Zhu, W.Z., Zou, M.L., Feng, D.Y.,
& Wang, C.. (2005): Correlation between magnetic
resonance diffusion weighted imaging and cell density in
astrocytoma. Zhonghua Zhong Liu Za Zhi., 27(5):309-11.

Els, T., Eis, M., Hoehn-Berlage, M. & Hossmann, K.A. (1995):
Diffusion-weighted MR imaging ofexperimental brain
tumorsinrats. MAGMA., 3(1):13-20.

Eis, M., Els, T., Hoehn-Berlage, M. & Hossmann, K.A. (1994):
Quantitative diffusion MR imaging ofcerebral tumor and

Ambient Science (2018)

http://www.caves.res.in/

Vol.-05(Sp1): p. 04



edema. Acta Neurochir. Suppl.(Wien), 60:344-346.

Eis, M., Els, T. & Hoehn-Berlage, M. (1995): High resolution
quantitative relaxation and diffusionMRI on three different
experimental brain tumors in rat. Magn. Reson. Med.,
34(6):835-844.

Eskandary, H., Sabba, M., Khajehpour, F. & Eskandari, M. (2006):
Incidental findings in brain computed tomography scans of
3000 head trauma patients. Surg. Neurol, 63:550-553,
discussion 553.

Huisman, T.A., Loenneker, T., Barta, G., Bellemann, M.E., Hennig,
J., Fischer, J.E. & II'yasov. K.A. (2006): Quantitative diffusion
tensor MR imaging of the brain: field strength related
variance of apparent diffusion coefficient (ADC) and
fractional anisotropy (FA) scalars. Eur. Radiol.
16(8):1651-1658.

Gauvain, K.M., McKinstry, R.C., Mukherjee, P., Perry, A., Neil,].J.,
Kaufman, B.A. & Hayashi, RJ. (2001): Evaluating pediatric
brain tumor cellularity with diffusion-tensor imaging. AJR .
Am. ]. Roentgenol.,177(2):449-454.

Guo, A.C., Cummings, T.J., Dash, R.C. & Provenzale, ].M. (2002):
Lymphomas and high-grade astrocytomas: comparison of
water diffusibility and histologic characteristics. Radiology.
224(1):177-183.

Guo, A.C., Provenzale, .M., Cruz, Jr. L.C.H. & Petrella, J.R. (2001):
Cerebral abscesses: investigation using apparent diffusion
coefficient maps. Neuroradiology, 43(5):370-374, 2001.

Gupta, R.K., Cloughesy, T.F,, Sinha, U., Garakian, J., Lazareff, ].,
Rubino, G., Rubino, L., Becker, D.P,, Vinters, H.V. & Alger, ] .R.
(2000): Relationships between choline magnetic resonance
spectroscopy, apparent diffusion coefficient and quantitative
histopathology in human glioma. J. Neurooncol.,
50(3):215-226.

Gupta, R.K,, Sinha, U., Cloughesy, T.F. & Alger, J.R. (1999): Inverse
correlation between choline magnetic resonance
spectroscopy signal intensity and the apparent diffusion
coefficientin human glioma. Magn. Reson. Med., 41(1):2—7.

Guye, M., Parker, G.J.M., Symms, M., Boulby, P, Wheeler-
Kingshott, C.A.M., Salek-Haddadi, A., Barker, G.J. & Duncan,
J.S. (2003): Combined functional MRI and tractography to
demonstrate the connectivity of the human primary motor
cortex in vivo. Neuroimage, 19(4)1349-1360.

Jemal, A., Thomas, A., Murray, T. & Thun, M. (2002): Cancer
statistics-2002. CA Cancer]. Clin., 52(1):23-47.

Klatzo, 1. (1967): Presidental address. Neuropathological aspects
of brainedema. J. Neuropathol. Exp. Neurol., 26(1):1-14.

Kleihues, P., Burger, P.C., Scheithauer, B.W. & Sobin, L.H. (1992):
Histological Typing of Tumors of the Central Nervous
System;Pub. by: Springer-Verlag.

Kono, K., Inoue, Y., Nakayama, K., Shakudo, M., Morino, M.,
Ohata, K., Wakasa, K. & Yamada, R. (2001): The role of
diffusion-weighted imaging in patientswith brain tumors.
AINRAm. . Neuroradiol., 22(6):1081-1088.

Krabbe, K., Gideon, P, Wang, P., Hansen, U., Thomsen, C. &
Madsen, F. (1997) MR diffusion imaging of
humanintracranial tumours. Neuroradiology, 39(7):483-489.

Krings, T., Reiges, M.H., Thiex, R., Gilsbach, .M. & Thron, A.
(2001): Functional and diffusion-weighted magnetic-

Ambient Science, 2018: Vol. 05(Sp1); 01-06
DOI:10.21276/ambi.2018.05.sp1.ga01

resonance images of space-occupying lesions affecting the
motor system: imaging the motorcortex and pyramidal
tracts. . Neurosurg., 95(5):816-824.

Law, M., Cha, S., Knopp, E.A,, Johnson, G., Arnett, J. & Litt, A.W.
(2002): High-grade gliomas and solitary metastases:
differentiation by using perfusion and proton spectroscopic
MR imaging. Radiology. 222(3):715-721.

Le Bihan, D,, Breton, E., Lallemand, D., Aubin, M., Vignaud, J. &
Laval-Jeantet, M. (1988): Separation of diffusion and
perfusion in intravoxel incoherent motion MR imaging.
Radiology. 168(2):497-505.

Le Bihan, D. (1990): IVIM method measures diffusion and
perfusion. Diagn Imaging, 12(6):133-136.

Le Bihan, D., Douek, P., Argyropoulou, M., Turner, R., Patronas, N.
& Fulham, M. (1993): Diffusion and perfusion magnetic
resonance imaging in brain tumors. Top Magn. Reson.,
Imaging, 5(1):25-31.

Lee, Y.Y. & Van Tassel, P. (1989): Intracranial oligodendrogliomas:
imaging findings in 35 untreated cases. AJR Am. J.
Roentgenol., 152(2):361-369.

Ly, S., Ahn, D., Johnson, G. & Cha, S. (2003): Peritumoral diffusion
tensor imaging of high-grade gliomas and metastatic brain
tumors. AINRAm. J. Neuroradiol., 24(5):937-941.

Louis, D.N., Ohgaki, H., Wiestler, O.D., Cavenee, W.K., Burger,
P.C., Jouvet, A., Scheithauer, B.W. & Kleihues, P. (2007): The
2007 WHO classification of tumours of the central nervous
system. Acta Neuropathol., 114(2):97-109.

MacDonald, D.R., Cascino, T.L., Schold, S.C. & Cairncross, J.G.
(1990): Response criteria for Phase II studies of malignant
glioma. J. Clin. Oncol. 8(7):1277-1280.

Maeda, M., Kato, H., Sakuma, H., Maier, S.E. & Takeda, K. (2005):
Usefulness of the apparent diffusion coefficient in line scan
diffusion-weighted imaging for distinguishing between
squamous cell carcinomas and malignant lymphomas of the
head and neck. AINRAm. J. Neuroradiol., 26(5):1186-1192.

Mardor, Y., Roth, A., Ocherashvilli, A., Spiegelmann, R., Tichler,
T., Daniels, D., Maier, S.E., Nissim, O. Ram, Z., Baram, ]J.
Orenstein, A. & Pfeffer, R. (2004): Pretreatment prediction of
brain tumors’ response to radiation therapy using high b-
value diffusion-weighted MRI. Neoplasia, 6(2):136-142.

Mishra, A.M., Gupta, R.K., Saksena, S., Prasad, K.N., Pandey, C.M.
& Rathore, D., Purwar, A., Rathore, R.K., Husain, N, Jha,
D.K., Jaggi, R.S., & Husain, M. (2005): Biological correlates of
diffusivity in brain abscess. Magn. Reson. Med.,
54(4):878-885.

Mori, S. & Tournier, J.D. (2013): Introduction to Diffusion
Tensor Imaging : And Higher Order Models, 2nd Edition.
Pub. by: ElsevierInc.

Murakami, R., Sugahara, T., Nakamura, H., Hirai, T., Kitajima, M.,
Hayashida, Y., Baba, Y., Oya, N., Kuratsu, J. & Yamashita, Y.
(2007): Malignant supratentorial astrocytoma treated with
postoperative radiation therapy: prognostic value of
pretreatment quantitative diffusion-weighted MR imaging.
Radiology. 243(2):493-499.

Nonomura, Y., Yasumoto, M., Yoshimura, R., Haraguchi, K,, Ito, S.,
Akashi, T. & Ohashi, I. (2001): Relationship between bone
marrowcellularity and apparent diffusion coefficient. [

Ambient Science (2018)

http://www.caves.res.in/

Vol.-05(Sp1): p. 05



Ambient Science, 2018: Vol. 05(Sp1); 01-06
DOI:10.21276/ambi.2018.05.sp1.ga01

Magn. Reson. Imaging, 13(5): 757-760.

Okamoto, K., Ito, J., Ishikawa, K., Sakai, K. & Tokiguchi, S. (2000):
Diffusion-weighted echo-planar MR imaging in differential
diagnosis of brain tumors and tumor-like conditions. Eur.
Radiol., 10(8):1342-1350.

Pope, W.B,, Lai, A., Nghiemphu, P., Mischel, P. & Cloughesy, T.F.
(2006): MRI in patients with high-grade gliomas treated with
bevacizumab and chemotherapy,” Neurology, 66(8):1258-
1260.

Pope, W.B., Kim, H.J., Huo, J., Alger, J., Brown, M.S., Gjertson, D.,
Sai, V., Young, J.R., Tekchandani, L., Cloughesy, T., Mischel,
PSS, Lai, A., Nghiemphu, P., Rahmanuddin, S. & Goldin, J.
(2009): Recurrent glioblastoma multiforme: ADC histogram
analysis predicts response to bevacizumab treatment.
Radiology, 252(1):182-189.

Pope, W.B,, Lai, A., Mehta, R., Kim, H.J., Qiao, J., Young, J.R., Xue,
X., Goldin, J., Brown, M.S., Nghiemphu, P.L., Tran, A. &
Cloughesy, T.F. (20m): Apparent diffusion coefficient
histogram analysis stratifies progression-free survival in
newly diagnosed bevacizumab-treated glioblastoma. Am. .
Neuroradiol., 32(5):882-889.

Srinivasan, A., Dvorak, R., Perni, K., Rohrer, S. & Mukherji, S.K.
(2008): Differentiation of benign and malignant pathology in
the head and neck using 3T apparent diffusion coefficient
values: early experience. AJ[INR Am. ]. Neuroradiol
29(1):40-44.

Sugahara, T., Korogi, Y., Kochi, M., Ikushima, I., Shigematu, Y.,
Hirai, T., Okuda, T., Liang, L., Ge, Y., Komohara, Y., Ushio, Y. &
Takahashi, M. (1999): Usefulness of diffusion-weighted MRI
with echo-planar technique in the evaluation of cellularity in
gliomas. J. Magn. Reson. I[maging. 9(1):53-60.

Tien, R.D., Feldesberg, G.J., Friedman, H., Brown, M. & MacFall, J.
(1994): MR imaging of high-grade cerebralgliomas: Value of
diffusion-weighted echo-planar pulse sequence. AJR Am. J.
Roentgenol., 162(3):671-677.

Tsuruda, J.S., Chew, W.M., Moseley, M.E. & Norman, D. (1990):
Diffusion-weighted MR imaging of the brain: Value of
differentiating between extraaxial cysts and epidermoid
tumors. Am. J. Neuroradiol., 11(5):925-931

Wang, J., Takashima, S., Takayama, F., Kawakami, S., Saito, A.,
Matsushita, T., Momose, M. & Ishiyama, T. (2001): Head and
neck lesions: characterization with diffusion-weighted echo-
planar MR imaging. Radiolog,. 220(3):621-630.

Ambient Science (2018)

http://www.caves.res.in/

Vol.-05(Sp1):p. 06




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


