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ORIGINAL RESEARCH
BRAIN

Comparison of Perfusion, Diffusion, and MR Spectroscopy
between Low-Grade Enhancing Pilocytic Astrocytomas

and High-Grade Astrocytomas
M. de Fatima Vasco Aragao, M. Law, D. Batista de Almeida, G. Fatterpekar, B. Delman, A.S. Bader, M. Pelaez, M. Fowkes,

R. Vieira de Mello, and M. Moraes Valenca

ABSTRACT

BACKGROUND AND PURPOSE: The differentiation of pilocytic astrocytomas and high-grade astrocytomas is sometimes difficult. There
are limited comparisons in the literature of the advanced MR imaging findings of pilocytic astrocytomas versus high-grade astrocytomas.
The purpose of this study was to assess the MR imaging, PWI, DWI, and MR spectroscopy characteristics of pilocytic astrocytomas
compared with high-grade astrocytomas.

MATERIALS AND METHODS: Sixteen patients with pilocytic astrocytomas and 22 patients with high-grade astrocytomas (8 – 66 years of
age; mean, 36 � 17 years) were evaluated by using a 1.5T MR imaging unit. MR imaging, PWI, DWI, and MR spectroscopy were used to
determine the differences between pilocytic astrocytomas and high-grade astrocytomas. The sensitivity, specificity, and the area under
the receiver operating characteristic curve of all analyzed parameters at respective cutoff values were determined.

RESULTS: The relative cerebral blood volume values were significantly lower in pilocytic astrocytomas compared with the high-grade astrocy-
tomas (1.4 � 0.9 versus 3.3 � 1.4; P � .0008). The ADC values were significantly higher in pilocytic astrocytomas compared with high-grade
astrocytomas (1.5 � 10�3 � 0.4 versus 1.2 � 10�3 � 0.3; P � .01). The lipid-lactate in tumor/creatine in tumor ratios were significantly lower in
pilocytic astrocytomas compared with high-grade astrocytomas (8.3 � 11.2 versus 43.3 � 59.2; P � .03). The threshold values �1.33 for relative
cerebral blood volume provide sensitivity, specificity, positive predictive values, and negative predictive values of 100%, 67%, 87%, and 100%,
respectively, for differentiating high-grade astrocytomas from pilocytic astrocytomas. The optimal threshold values were �1.60 for ADC, �7.06
for lipid-lactate in tumor/creatine in tumor, and �2.11 for lipid-lactate in tumor/lipid-lactate in normal contralateral tissue.

CONCLUSIONS: Lower relative cerebral blood volume and higher ADC values favor a diagnosis of pilocytic astrocytoma, while higher
lipid-lactate in tumor/creatine in tumor ratios plus necrosis favor a diagnosis of high-grade astrocytomas.

ABBREVIATIONS: GBM � glioblastoma multiforme; HGA � high-grade astrocytoma; HGG � high-grade glioma; LGG � low-grade glioma; Lip-Lac � lipid-lactate;
n � normal contralateral; PA � pilocytic astrocytoma; rCBV � relative cerebral blood volume; ROC � receiver operating characteristic analysis curve; tu � tumor;
WHO � World Health Organization

Pilocytic astrocytoma (PA) is the most common pediatric cen-

tral nervous system glioma and one of the most common

pediatric cerebellar tumors. This tumor occurs most frequently in

the first 2 decades of life,1 composing up to 25% of brain tumors

in pediatric neurosurgical practices,2 and it only rarely occurs in

adults.2 The incidence is approximately 4.8 cases per million peo-

ple per year,3 with 2.3%– 6% of all brain tumors classified as

PAs.3,4 PAs are usually clinically benign and are classified as grade

I by the World Health Organization (WHO).4 They are poten-

tially curable by surgery and are associated with a longer sur-

vival.1,5 Very rarely, a PA may undergo spontaneous malignant

transformation and become an anaplastic astrocytoma.6

A PA typically appears on MR imaging as a large cystic mass

with a mural nodule1,5; however, this pattern can also occur in a

hemangioblastoma of the posterior fossa.7 MR imaging features

of PAs can also be seen in high-grade gliomas (HGGs) and metas-

tases,7 particularly when a PA appears as a solidly enhancing mass.

Moreover, despite their benign biologic behavior, PAs may be

confused with malignant tumors and resemble high-grade astro-

Received July 22, 2013; accepted after revision January 16, 2014.

From the Departments of Radiology (M.d.F.V.A., D.B.d.A., B.D., A.S.B., M.P.) and Pa-
thology (M.F.), Mount Sinai School of Medicine, New York, New York; Centro Di-
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cytomas (HGAs) on both histopathology and during a neuroim-

aging evaluation, making the diagnosis difficult.1,4 This confusion

can occur because PAs present a variety of histologic patterns and

may have markedly hyalinized and glomeruloid vessels, accom-

panied by extensive nuclear pleomorphism, which can sometimes

make classification a challenge.1,4

Given that differentiation of PAs and HGAs is sometimes chal-

lenging to both the neuroradiologist and the pathologist, ad-

vanced MR imaging techniques that add functional information

to the anatomic MR imaging can be helpful in the characteriza-

tion and grading of astrocytomas.8 Although both PA and HGA

belong to the same family of gliomas, a great amount of evidence

suggests that PAs present histologic aspects (cellularity, vascular-

ity, cystic formation, necrosis) very distinct from those found in

HGAs. Thus, the use of these advanced MR imaging techniques

may better evaluate and distinguish the anatomic and functional

differences occurring between PAs and HGAs. These include the

following: diffusion-weighted imaging (DWI), which evaluates

the microstructure and cellularity of brain tissue by analyzing the

motion of the water in the tissue9; perfusion-weighted imaging

(PWI), which evaluates the microvasculature by using relative

cerebral blood volume (rCBV)9,10; and MR spectroscopy, which

provides metabolic and histologic marker information about the

brain or neoplastic tissue.9-11

There are only a few small series assessing the advanced MR

imaging features of PAs, particularly when evaluating neovascu-

larity on PWI7,12 and their differentiation from HGAs.12

Our hypothesis is that in comparison with HGAs, PAs present

lower cellularity, less vascularity, and a lower metabolism, and

each one of these characteristics may be detected with the use of

DWI, PWI, and MR spectroscopy, respectively. Therefore, ad-

vanced MR imaging techniques should demonstrate findings that

may help in the differentiation of PAs from HGAs. The purpose of

this study was to assess MR imaging, DWI, PWI, and MR spec-

troscopy characteristics of PAs compared with HGAs.

MATERIALS AND METHODS
Patients and Histopathologic Analysis
MR imaging studies of 38 patients with astrocytomas were reviewed

(16 patients with PAs and 22 patients with HGAs). MR imaging ex-

aminations were performed from April 2002 to April 2008. Patient

ages ranged from 8 to 66 years, with a mean of 36.23 � 16.95 years.

There were 23 male and 15 female patients. In this retrospective

study, primarily newly diagnosed, untreated astrocytomas (36/38)

were included; only 2 PA cases were studied after biopsy.

Histopathologic evaluation was performed by 2 experienced

neuropathologists and was based on the WHO classification of

astrocytomas13: grade I, PA; grade II, diffuse astrocytoma; grade

III, anaplastic astrocytoma; and grade IV, glioblastoma multi-

forme (GBM). Only grade I (PA) and grade III–IV (HGA) astro-

cytomas were included in this study. Grade III and IV astrocyto-

mas were allocated in a single group because their aggressive

biologic behavior is quite often similar, but this will depend on

many factors including genetic profile. All patients had histo-

pathologic confirmation of PAs and HGAs, with specimens ob-

tained by open excisional biopsy or resection. Our institutional

review board approved the study.

Imaging Protocol
Because this was a retrospective study, a full complement of im-

aging was not available for each patient. Based on the histopatho-

logic criteria for seeking the signs of morphology that express the

greatest aggressiveness, we selected the PWI, DWI, and MR spec-

troscopy measurements that best correlated with the grading of

tumors.

Magnetic Resonance Imaging. Imaging was performed with a

1.5T unit (Signa Infinity; GE Healthcare, Milwaukee, Wisconsin).

The MR imaging sequences were performed by using sagittal and

axial T1-weighted imaging, axial T2, axial FLAIR, and axial T2*-

weighted imaging. Contrast-enhanced axial reference T1-

weighted imaging was performed after the perfusion MR imaging

data had been obtained. An experienced neuroradiologist re-

viewed the conventional MR images and evaluated each lesion on

the basis of location (supratentorial or infratentorial), tumor

characteristics (solid, cystic, or necrotic), and type of enhance-

ment (none, homogeneous, heterogeneous, or ring).

Dynamic Perfusion MR Imaging. PWI was performed in 9 patients

with PA and 20 with HGA. Gadopentetate dimeglumine contrast

medium (Magnevist; Bayer HealthCare Pharmaceuticals, Le-

verkusen, Germany) was intravenously administered, with a con-

trast dose of 0.1 mmol/Kg of body weight, by a power injector at a

rate of approximately 4 mL/s, followed by a saline bolus (10 –20

mL at approximately 4 mL/s). Nine to 10 sections were selected

for PWI through the tumor, by using T2-weighted images as a

guide. Spin-echo PWI was performed by using the following pa-

rameters: TR/TE, flip angle, FOV, matrix, section thickness, sec-

tion gap: 1900/80 ms, 90°, 24 cm, 128 � 64 pixel, 7 mm, 1.5 mm.

Preload contrast was administered before the PWI acquisition to

correct T1-weighted leakage effects that might underestimate

rCBV measurement. Data processing was performed by using an

Advantage Windows 4.2 workstation with FuncTool as the ana-

lytic program (GE Healthcare). After the construction of an rCBV

color map to target the regions of maximal abnormality, measure-

ments at 4 regions of interest were obtained, and the maximum

rCBV was recorded. A standardized region of interest measuring

approximately 2– 4 mm2 was used. CBV measurements were

made relative to the normal-appearing contralateral white matter.

Proton MR Spectroscopic Imaging. Multivoxel 2D MR spectros-

copy was performed before the administration of gadopentetate

dimeglumine in 5 patients with PAs and 21 with HGAs. Using the

T2 sequence as reference for voxel placement, a 2D spectroscopy

field was prescribed to contain tumor and contralateral suppos-

edly normal brain parenchyma. A multivoxel MR spectroscopy

was performed with the point-resolved spectroscopy technique:

TR/TE, 1500/35 ms; VOI thickness, 16.5 mm; FOV, 18 cm; coding

phase, 16 � 16; NEX, 1; direction of the frequency, anteroposte-

rior. All spectra were processed by using an Advantage Windows

4.2 workstation with FuncTool as the analytic program. The me-

tabolite peaks were assigned at the following frequencies: choline

(Cho) at 3.22 ppm, creatine (Cr) at 3.02 ppm, N-acetylaspartate

(NAA) at 2.02 ppm, lipid-lactate (Lip-Lac) at 0.5–1.5 ppm, and

myo-inositol (mIns) at 3.56 ppm. The peak area measurements of

metabolites were used to calculate the following ratios: minimal

tumor Cr to contralateral normal Cr (Crtu/Crn), maximal tumor
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Cho to contralateral Cho (Chotu/Chon), minimal mIns to con-

tralateral mIns (mInstu/mInsn), and maximal Lip-Lac to con-

tralateral Lip-Lac (Lip-Lactu/Lip-Lacn). In addition to ratios

against normal tissue, the following intrinsic tumor metabolite

ratios were also obtained: minimal NAAtu/Crtu, minimal mInstu/

Crtu, maximal Chotu/Crtu, maximal Chotu/NAAtu, and maximal

Lip-Lactu/Crtu. These MR spectroscopy criteria were selected to

best correlate with the grading of the tumors on histopathology.

In this way, among all the multivoxel spectroscopy graphs of the

tumor, we chose the metabolite that presented the greatest alter-

ation, independent of its position within the tumor (solid or ne-

crotic). The smallest NAA of all the spectroscopy graphics and the

greatest Cho were chosen. When the tumor had necrosis, the

greatest Lip-Lac peak coincided with the necrotic area.

Diffusion-Weighted Imaging. DWI was performed in 13 patients

with PAs and 12 with HGAs. DWI was performed in the trans-

verse plane by using a spin-echo echo-planar imaging sequence

with the following parameters: TR/TE, 5000/78.6 ms; diffusion

gradient encoding in 3 orthogonal directions; b-value � 1000

s/mm2; FOV, 24 cm; matrix size, 96 � 192 pixels; section thick-

ness, 5 mm; section gap, 1.5 mm; and NEX, 2. DWI scans were

performed before PWI and contrast-enhanced T1-weighted im-

aging. The minimal apparent diffusion coefficient (ADC) value

was chosen in solid and enhanced areas of the tumor to best char-

acterize the maximal cellularity of the tumor.

Statistical Analysis
All parameters are reported as means � SD. For a comparison of

the quantitative variances between the PA and HGA groups, we

applied the nonparametric Mann-Whitney statistical test because

of the lack of normality of the data.

The sensitivity, specificity, positive predictive value, and neg-

ative predictive value of each advanced MR imaging technique

used in this study were calculated to differentiate PAs from HGAs.

We used a receiver operating characteristic analysis curve

(ROC) to decide the cutoff between PAs and HGAs. The cutoff

values chosen were those that provided greater sensitivity and

specificity jointly (ie, the best combination of the 2 measures).

The analyses were performed in the Statistical Package for the

Social Sciences, Version 12.0 (IBM, Armonk, New York). A P

value � .05 was statistically significant.

RESULTS
Within the PA group, 10/16 (62%) patients were younger than 21

years old at presentation. With regard to the location of the tu-

mor, 9/16 (56%) cases were supratentorial and 7/16 (45%) were

infratentorial. Among the supratentorial tumors, 6/9 (67%) were

hypothalamic-chiasmatic.

Within the HGA group, most of the patients were adults (21/

22, 95%) and most tumors were supratentorial (21/22, 95%). The

main characteristics of PA and HGA on conventional MR imag-

ing are shown in Table 1.

The rCBV values were significantly lower in the PA group

compared with the HGA group (Table 2 and Fig 1). Only 3/9

(33%) PA cases showed elevated perfusion (rCBV � 1.75), while

17/20 of the HGA group (85%) showed markedly elevated

perfusion.

In analyzing ADC values, there was a statistically significant

difference between the PA group and the HGA group (Table 2 and

Fig 2).

The Lip-Lactu/Crtu values were significantly higher in the

HGA group than in the PA group (Table 2 and Fig 3). There was a

trend toward higher Lip-Lactu/Lip-Lacn ratios in the HGA group

compared with the PA group (P � .06). There were no statistically

significant differences between the PA and HGA groups in the

remaining metabolite ratios (Table 2).

The sensitivity, specificity, positive predictive value, negative

predictive value, and the area under the ROC curve of each of the

MR imaging–analyzed parameters at respective cutoff values are

shown respectively in Tables 3 and 4.

DISCUSSION
In an attempt to differentiate PA and HGA, our data showed that

lower rCBV and higher ADC values favor a diagnosis of PA, while

higher Lip-Lactu/Crtu ratios plus necrosis favor a diagnosis of

HGA.

Although PA is classified as grade I by the WHO because of its

benign biologic behavior, this tumor can have contradictory find-

ings on both neuroimaging and histopathology and may be con-

fused with a malignant tumor.1,4

PA has been commonly described as a large cystic mass with

a mural nodule that shows a marked enhancement.1,5,7 There-

fore, when a typical solid-cystic tumor is found on MR imaging

in a patient younger than 20 years of age, the most probable

diagnosis is PA,1,5 particularly when it is located in the poste-

rior fossa.

Table 1: The characteristics of PA and HGA on conventional MR imaging

Tumor Solid Solid-Cystic Necrotic Enhancement

Type of Enhancement

Heterogeneous Homogeneous Ringlike
PA 8/16 (50%) 7/16 (44%) 1/16 (6%) 14/15 (93%) 8/14 (57%) 5/14 (36%) 1/14 (7%)
HGA 8/22 (36%) 0/22 (0%) 14/22 (64%) 20/22 (91%) 7/20 (35%) 1/20 (5%) 12/20 (60%)

Table 2: Comparison of the PA and HGA groups with regard to
the variables of interest (mean � standard deviation)

PA HGA P Value
rCBV 1.408 � 0.870 3.322 � 1.401 .0008
ADC 1.534 � 0.382 1.193 � 0.279 .0134
NAAtu/Crtu 1.180 � 0.708 1.247 � 0.681 .8457
Chotu/NAAtu 2.020 � 1.090 1.417 � 0.782 .1628
Chotu/Crtu 3.158 � 2.651 2.838 � 1.595 .6028
Chotu/Chon 1.390 � 0.743 1.963 � 2.275 .3958
Lip-Lactu/Crtu 8.326 � 11.180 43.320 � 59.240 .0273
Crtu/Crn 0.464 � 0.234 0.495 � 0.326 .8437
Lip-Lactu/Lip-Lacn 1.746 � 0.918 6.555 � 7.480 .0618
mInstu/mInsn 1.020 � 0.419 0.749 � 0.733 .0961
mInstu/Crtu 1.924 � 0.468 1.607 � 0.9953 .1264

Note:—ADC measurements are expressed in � 10�3 mm2 per second.
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Conversely, when imaging reveals a single tumor with ring

enhancement, suggesting central necrosis, the most probable di-

agnosis is HGA, specifically GBM.14 These MR imaging features

were found in 60% of the HGAs and in only 7% of the PAs in our

series.

However, when the tumor is solid and seems to infiltrate ad-

jacent brain tissue with intense enhancement, as it did in 50% of

the PAs and 37% of the HGAs in our study, there is less certainty

as to whether the tumor is a PA or HGA. This ambiguity can occur

even in patients who are younger than 20 years of age, when age

favors a diagnosis of PA,1 as well as in adult patients, in whom PA

is rare.2

Advanced MR imaging techniques can help distinguish these

entities much better than conventional imaging alone.8,14,15 En-

hanced accuracy helps in treatment planning and prognostication

before surgery.8,14 This information is even more important when

histopathologic diagnosis cannot be obtained due to contraindi-

cations to surgery, such as when there is tumor involvement of

eloquent areas (motor, speech, or visual brain areas) or when the

biopsy tissue collected is insufficient for diagnosis.11 Advanced

MR imaging techniques can also help overcome sampling errors

in the histopathologic grading of tumor and can sample the entire

lesion noninvasively in vivo.10 Furthermore, there may be in-

stances when a neuropathologist is unable to definitively differ-

entiate PA and HGA,1,4 in which case

advanced MR imaging could be crucial

in the diagnosis of the lesion.

Several studies have demonstrated

that rCBV has clinical utility in glioma

grading. However, most of these studies

only included WHO grade II tumors in

the low-grade glioma (LGG) group and

WHO grades III and IV in the HGG

group.10,16,17 Most of these studies

failed to include PA in the LGG group or

even to consider it as a separate co-

hort.9,10,16,17 To our knowledge, there are

only a few studies assessing PWI in PAs, all

of which are case series or anecdotal case

reports in review articles.7,18-21

Despite the usual avid enhancement

on conventional MR imaging in both

PAs and HGAs, the present study found

significantly lower rCBV values in PAs

compared with HGAs. Some small case

series of PAs have also demonstrated low

rCBV values (� 1.5) in PA,7,12,19 while

HGAs show high rCBV values in analyt-

ical studies (3.64 –7.32).9,10,16,17,22,23 To

the best of our knowledge, there are only

2 case reports in review articles that have

found high perfusion in PAs.18,21

Uematsu et al12 demonstrated in a

case series that the mean vascularity in-

dex of GBMs is higher than that of PAs,

but the mean vascular leakage was lower

in GBMs. This finding could be ex-

plained by the different features of PAs and GBMs on histopathol-

ogy. In the present study, all patients had pathologic confirmation

but no formal qualitative evaluation of the neoplasia vascularity

was performed. Uematsu et al12 reported that PAs have sparse

vasculature in a wide interstitial space, while GBMs have abun-

dant vascularity in a tight interstitial space.12 According to some

electron microscopy studies of the gap junctions of the endothe-

lial cells, PAs and HGGs probably have similar blood-brain bar-

rier integrity.24,25 Taken together, we may postulate that the de-

creased rCBV observed in PA tumors strongly suggests a

decreased vascularity in this low-grade astrocytoma compared

with HGA.

Information on the metabolism of brain tissue may be ob-

tained from proton MR spectroscopy.11,26 The ability of MR spec-

troscopy to predict glioma grade is controversial.11 The presence

of lipids has been recognized as a marker of myelin breakdown, as

well as a potential indicator of necrosis in malignant astrocyto-

mas.27 Lactate is considered an end product of the anaerobic gly-

colytic cycle, and its presence within a tumor often indicates tu-

mor necrosis.10,26 The prominent lipid peak, which resonates at 1.3

ppm observed in HGAs, corresponds, mainly, to the methylene

group of lipid molecules, whereas in PA, it is mainly a lactate peak.

FIG 1. Comparison of rCBV between PA and HGA on PWI. A and B, Solid-cystic PA in the left
cerebellar hemisphere. A, Contrast-enhanced axial T1-weighted imaging demonstrates intense
homogeneous enhancement in the solid portion of the tumor and lack of enhancement of the
walls of the cystic portion. B, PWI, with an rCBV color overlay map, shows low rCBV on the solid
portion of PA. C and D, GBM in the left frontoparietal lobe. C, Contrast-enhanced axial T1-
weighted imaging demonstrates ring and irregular peripheral enhancement with central necrosis.
D, PWI with an rCBV color overlay map shows increased rCBV in the solid tumor area.
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Several studies have indicated that lactate is more likely to be

present in HGGs than in LGGs,9,28-31 but most of these studies did

not include PAs among the LGGs. There have been a few studies

assessing the Lip-Lactu/Crtu ratio in PAs, but all used long-TE

(270 ms) single-voxel spectroscopy.26,32 Although necrosis is sel-

dom found in PAs, Hwang et al26 described the presence of lipids

and lactate in PAs, despite their benign tumor histology.

In our study, among all metabolite ratios analyzed, only Lip-Lactu/

Crtu valuesweresignificantlyhigherinHGAsthaninPAs.Therewasalso

a trend toward a higher Lip-Lactu/Lip-Lacn ratio in HGAs. The Lip-

Lactu/Crtu ratiowaspresentandincreasedinbothtumortypes,butitwas

muchhigherinHGAs,probablyduetothepresenceoftumoralnecrosis.

AlthoughthepresenceofLip-LacinPAsintheabsenceofnecrosiscanbe

explained by several mechanisms, including mitochondrial dysfunc-

tion,26 our hypothesis is that it may be attributed to the commonly oc-

curring microscopic cysts on histopathology.

As in previous reports,26,32-35 we also found increased Chotu/

NAAtu and Chotu/Crtu ratios in PAs, with values lower than those

in some studies,26,33 but higher than those of Sutton et al.32 Some

authors made the comparison between gliomas without including

PAs and found higher Chotu/NAAtu and Chotu/Crtu ratios in

HGGs than in non-PA LGGs,9,10,36 very

likely due to the greater cellularity of

malignant tumors. However, our study

found the opposite to be true in the

comparison between PA, which is an

LGG, and HGA, though the difference

was not significant. Our finding may be

explained by the presence of necrosis

within the GBMs, which decreases the

number of neoplastic cells and conse-

quently lowers the Chotu/NAAtu and

Chotu/Crtu ratios11 in the HGA group.

This process does not occur with the PAs

that showed higher values of these ratios.

It has been demonstrated that the

MR spectroscopy pattern appears

slightly different between PA in adults

and in children, though no significant

differences have been identified.37 Only

5 PAs were investigated with MR spec-

troscopy in our study, in 4 children (8,

12, 12, 14 years of age) and 1 adult (20

years of age). Similar to the previous ar-

ticle,37 our study also shows that the

normalized Cr (Crtu/Crn) was reduced

in all PAs. As in the previous article,37

the reduced normalized mean Crtu/Crn

ratio (0.52) in the PA pediatric group

was higher compared with the PA of the

adult patient ratio (0.26). All our cases in

the PA pediatric group presented in-

creased values of normalized Cho (Chotu/

Chon) according to the previous

study.37 However, unlike the previous study,37 in our study, the

normalized Cho (Chotu/Chon) of our 1 adult patient was low (0.97)

and lower than the mean of the 1.5 ratio in the pediatric group. It is

always difficult to compare the results of studies because usually dif-

ferent equipment (eg, the prior study used 3T MR imaging), different

technical parameters of MR spectroscopy (eg, the prior study used

TE � 144 ms),37and different methodologies are used. The small

number of cases of PA in the pediatric and adult groups was another

major limitation in both studies.

Castillo et al38 suggest that mIns levels could be a marker for

astrocytoma grade, with a trend toward higher mIns levels in low-

grade astrocytomas (including both WHO grade I and II tumors)

compared with anaplastic astrocytomas and GBMs.28,38 In our

study, the means of the mInstu/Crtu and mInstu/mInsn ratios were

also higher in PAs than in HGAs, but the differences were not

statistically significant. Schneider et al,39 by using a different tech-

nique to normalize metabolites (water was used as an internal

reference), found that grade II gliomas demonstrated significantly

higher levels of mIns than PAs. However, contradictory reports

have also demonstrated low mIns levels in PAs.34,40

FIG 2. DWI in PA and HGA. A and B, Solid-cystic PA in the left cerebellar hemisphere. The solid
part of this tumor is hypointense on DWI (A) and hyperintense on ADC map (B) in comparison with
normal brain parenchyma. C and D, The frontoparietal HGA (GBM) shows decreased water dif-
fusion (C) in the more hyperintense solid tumor area on DWI, which is more hypointense (D) on
ADC than the normal brain parenchyma and indicates greater cellularity of this GBM than is
observed in the PA shown (A and B).
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The diffusion of water in brain tissue may vary in magnitude

and direction, depending on several factors; ADC measurements

can offer quantitative information regarding the restriction of

movement of water molecules.9,41 In our series, HGAs demon-

strated significantly lower minimum ADC values than PAs (P �

.01). The difference may be related to the

increased cellularity of higher grade tu-

mors,42,43 with resultant restriction of

water movement in the interstitial

space.43,44 Although measurements of

necrosis could potentially elevate ADC

values,9,43 we analyzed the minimum

ADC of the solid enhancing portion of

the lesion, taking care to exclude the ne-

crotic areas frequently seen in high-

grade tumors. Other studies, by using a

technique similar to ours, have shown

similar results9,43,45 when comparing

HGGs and LGGs. However, these stud-

ies did not include PA cases. Most of the

reports that have assessed ADC in PAs

have compared them with medul-

loblastomas, ependymomas, or other

LGGs.39,46

As far as we know, this is the first

time that PAs are compared with HGAs

by using the described advanced MR im-

aging techniques together. The method-

ology used sought to follow that used

in histopathology: to seek brain tumor

markers that represent the criteria of

greater malignancy. The sensitivity,

specificity, predictive values, and accu-

racy for rCBV, ADC, Lip-Lactu/Crtu, and

Lip-Lactu/Lip-Lacn thresholds were de-

termined as the optimal cutoff value in

differentiating PAs from HGAs.

This study has some limitations.

First, because it is a retrospective study, a

full complement of imaging was not

available for each patient. Therefore, we

have a small population of cases, mainly

of pilocytic astrocytomas, with ad-

vanced MR imaging techniques. Second,

we used a short TE of 35 ms. Even

though short-TE MR spectroscopy has the advantage of showing

the mIns peak and has better sensitivity to the presence of lipids,

its disadvantage is that one cannot separate the lipid peak from the

lactate peak because both appear at 1.33 ppm above the baseline.

Additionally, there is more noise at the baseline in short-TE than

in long-TE MR spectroscopy; and because the glutamine-gluta-

mate peak is close to the NAA peak, it is difficult to properly

measure the NAA peak when it is low. Finally, choosing a region

of interest to evaluate the rCBV leads to another difficulty in cases

in which the tumor is in the gray matter because it is unclear

whether the high perfusion value is due to the properties of the

gray matter or to the tumor itself. Another limitation of our study

is the lack of a multiparametric analysis, which would demon-

FIG 3. Comparison of the Lip-Lactu/Crtu ratio on short-TE multivoxel MR spectroscopy in PA and
HGA. A and C, Axial T2-weighted imaging was used for positioning of the regions of interest in the
tumor. A and B, The solid homogeneous enhancing hypothalamic-chiasmatic PA has a Lip-Lac
peak. The (C and D) necrotic ring-enhancing GBM located on the lateral wall of the left lateral
ventricular trigone also has an elevated Lip-Lac peak (D), but the Lip-Lactu/Crtu ratio in this tumor
is higher than that found in the PA (B). A and B reproduced with permission from Aragao et al.47

Table 3: Cutoff values, sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy of the different studied MRI parameters to identify high-grade (III/IV)
astrocytomas (HGA)

Parameter Cutoff Valuea Sensitivity Specificity PPV NPV Accuracy
rCBV �1.33 100% 67% 87% 100% 90%
ADC �1.60 100% 54% 63% 100% 72%
Lip-Lactu/Crtu �7.06 80% 80% 94% 50% 80%
Lip-Lactu/Lip-Lacn �2.11 73% 80% 94% 44% 76%

Note:—PPV indicates positive predictive value; NPV, negative predictive value.
a HGA group.

Table 4: Areas under the receiver operating characteristic
analysis curve for the variables of interest for distinguishing PA
from HGA

Parameters Area 95% CI P Value
rCBV 0.906 0.790–1.000 .001
ADC 0.795 0.610–0.980 .012
Lip-Lactu/Crtu 0.830 0.626–1.000 .025
Lip-Lactu/Lip-Lacn 0.780 0.585–0.975 .047
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strate the relative contribution of all the clinical, conventional MR

imaging and advanced findings to the diagnosis of PA versus

HGA. We hope that further investigation will be made by pro-

spective studies with a greater number of cases and multiparamet-

ric analysis, by using advanced MR imaging techniques to confirm

our findings.

CONCLUSIONS
We have demonstrated that PWI (rCBV) is one of the best MR

imaging techniques in differentiating PA from HGA. Lower rCBV

and higher ADC values favor a diagnosis of PA, while higher rCBV

values, lower ADC values, and higher Lip-Lactu/Crtu ratios plus

necrosis favor a diagnosis of HGA. Even though the histopatho-

logic and conventional MR imaging features of PA may occasion-

ally suggest a more malignant tumor, patient age and advanced

MR imaging findings should be considered together with the

pathologic characteristics to establish the final diagnosis in diffi-

cult cases. In this way, the findings of our study may contribute to

a change in the current clinical approach, especially in difficult

cases encountered by radiologists as well as pathologists in differ-

entiating these 2 types of tumors.

Disclosures: Meng Law—UNRELATED: Board Membership: Bayer HealthCare, Con-
sultancy: iCAD Inc, Payment for Lectures (including service on Speakers Bureaus):
Toshiba America Medical.
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