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Abstract Background: Pilocytic astrocytomas are the second overall most common pediatric

brain tumor. Magnetic resonance (MR) imaging is widely used in the diagnosis and follow up of

pediatric patients with pilocytic astrocytomas because of its ability to provide anatomical detail.

However conventional MR imaging does not provide information about tissue biochemistry.

Aim of the work: To study the role of proton magnetic resonance spectroscopy in diagnosis of pil-

ocytic astrocytoma in children.

Subjects and methods: This study included seven pediatric patients with histopathologically proven

pilocytic astrocytoma. All patients were subjected to full history taking and thorough clinical exam-

ination. Magnetic resonance (MR) imaging was performed at 1.5 Tesla MR system using a standard

head coil. Imaging included conventional MRI and proton magnetic resonance spectroscopy. Pro-

ton magnetic resonance spectroscopy was done using either single or multi-voxel technique. Surgical
ce imaging; MRS, magnetic
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Table 1 Summary of the spectrosc

Case no. Cho/NAA

1 1.35

2 2.17

3 3.30

4 3.02

5 4.18

6 4.66

7 6.07
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biopsy was then performed to all patients and correlation with histopathological data was done.

Results: Out of the seven patients included in this study, six were females and one was male with

mean age of 9.5 years, the tumor was located in five of them in the posterior fossa, located in right

thalamo-peduncular region in one patient and located in the hypothalamic–chiasmatic region in one

patient.

MR spectroscopic study showed the same findings in all the lesions including high Cho/NAA and

Cho/Cr ratios (3.53 ± 1.5) and (7.21 ± 4.2), respectively, relative low concentration of creatine

with increased NAA/Cr ratio (2.32 ± 1.1). Lactate doublet was detected in all cases while no lipid

peaks were detected.

Conclusion: Based on the findings in this study we suggest that pilocytic astrocytoma has a specific

spectroscopic metabolic profile which could be diagnostic for this type of tumor.

ª 2012 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.
1. Introduction

Pilocytic astrocytomas represent only 5–10% of all cerebral

gliomas, but account for nearly about one third of the pediat-
ric glial neoplasms. They are the second overall most common
pediatric brain tumor. Their main locations are around the
third and fourth ventricles. Nearly half are found in the optic

chiasm and hypothalamus and about one third are located in
the cerebellar vermis and hemispheres. Brain stem and basal
ganglia are less common locations. They are typically tumors

of children and young adults. Cerebellar tumors usually have
a peak incidence at age of 10. Cerebral hemispheric tumors
usually occur a decade later with a peak age of 20. Three quar-

ters of optic pathway lesions occur under 12 years of age.1

Pilocytic astroctomas are well circumscribed but unencap-
sulated masses which are classified as WHO grade I. Their

gross and radiological appearances vary according to location.
Those located in the cerebellum tend to be cystic with internal
solid mural nodule. Those located in the optic-hypothalamic
region tend to be solid and well circumscribed while those lo-

cated in the brainstem are usually solid and infiltrating and
some time tend to be cystic.2

Magnetic resonance (MR) imaging is widely used in the

diagnosis and follow up of pediatric patients with pilocytic
astrocytomas because of its ability to provide anatomical detail.
However conventional MR imaging does not provide informa-

tion about tissue biochemistry.3

Proton MR spectroscopy is a non invasive in vivo technique
that provides additional metabolic diagnostic indices beyond
anatomic information and has been used widely in the imaging

of brain tumors and other CNS pathologies. Several studies
have shown that MR spectroscopy can help differentiate com-
mon pediatric brain tumors.4
opic MRI findings in the seven

Cho/Cr NA

3.56 2.62

7.63 3.50

9.41 2.85

4.18 1.38

12.75 3.03

11.32 2.64

1.64 0.27
The purpose of this study is to demonstrate different MR
spectroscopic findings of pilocytic astrocytoma in children
and to assess if there are certain specific spectroscopic findings
which could be considered as diagnostic for this type of tumor.
2. Methods

The present study included seven patients in pediatric age
group admitted to Alexandria university hospitals presenting
with brain tumors histopathologically diagnosed as pilocytic

astrocytomas after surgical biopsy.
All the patients were subjected to thorough history taking

and clinical examination, conventional magnetic resonance

imaging and magnetic resonance spectroscopic study. Correla-
tion with histopathological data was done in all patients after
surgical biopsy.

Magnetic resonance imaging was performed at 1.5 Tesla MR

system using a standard head coil on Siemens Magnetom Avanto
(Siemens, Erlangen, Germany). Patients were subjected to the fol-
lowing MRI protocols: Axial T2 weighted turbo spin echo (T2

TSE) (repetition time (TR) of 3000 ms, an echo time (TE) of
120 ms, a slice thickness of 4 mm, FOV= 230 · 230 mm), Axial
T2 FLAIR (a repetition time (TR) of 8000 ms, an echo time

(TE) of 100 ms, TI of 2200 ms, a slice thickness of 4 mm and
FOV= 230 · 230 mm), pre-contrast axial T1 weighted spin echo
(T1 SE) (a repetition time (TR) of 650 ms, an echo time (TE) of

15 ms, a slice thickness of 4 mm, FOV= 230 · 230 mm), axial,
sagittal and coronal T1 weighted spin echo (T1 SE) after intrave-
nous administration of 0.1 mmol/kg of dimeglumine gadopentate
(Magnevist, Schering, Berlin, Germany). Patients who needed

sedation were given the sedative dose of thiopental sodium
3 mg/kg. Incremental doses were given when needed.
patients included in the study.

A/Cr Cr/Cho Lactate Lipids

0.27 + �
0.13 + �
0.11 + �
0.24 + �
0.08 + �
0.09 + �
0.61 + �
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Magnetic resonance spectroscopy (MRS) single or multi-

voxel (CSI) was done by using point resolved spectroscopy
(PRESS) sequences. Multi-voxel spectroscopy was performed
using intermediate echo time of 135 ms (TR 1500 ms, FOV
160 mm) or short echo time of 30 ms (TR 1500 ms, FOV

160 mm) When multi-voxel spectroscopy was not possible be-
cause of the small size of the lesion, we used singe voxel spec-
troscopy (cubic voxel of 2 cm side length) of intermediate TE

135 ms (TR 1500 ms) or short TE 30 ms (TR 1500 ms).
Spectra were generated by the standard Siemens scanner

software. Peak assignment was as follows: N-acetyl aspartate

(NAA) at 2.0 ppm shift; choline (Cho) at 3.2 ppm; creatine
(Cr) at 3.02 ppm and myo-inositol (mIns) at 3.65 ppm. The
software also determined the area under each of these peaks

by fitting them to standard curves. The areas under the peaks
are proportional to the metabolite concentrations. Metabolite
ratios (i.e. Cho/Cr, Cho/NAA, NAA/Cho, etc.) were calcu-
lated automatically by the workstation software.

3. Results

This study included seven patients with histopathological diag-
nosis of pilocytic astrocytoma, six were females and one was
male with mean age of 9.5 years, the tumor was located in five

of them in the posterior fossa, located in right thalamo-pedun-
Figure 1 Case (1): A four-year-old female patient presented by gradu

Axial T2WI (A), axial (B) and coronal (C) Gd-enhanced TIWI showe

indenting and encroaching upon the brain stem and the left middle

heterogeneous enhancement after contrast administration with central n

revealed: high Cho/Cr ratio (3.56); high NAA/Cr ratio (2.62); lactate
cular region in one patient and located in the hypothalamic–

chiasmatic region in one patient.
3.1. Conventional MRI study

All the lesions showed heterogeneous signal with mixed solid
and cystic components notably exhibiting hypointense signal
in T1WI and hyperintense signal in T2WI. All of the lesions

showed heterogeneous enhancement after contrast
administration.
3.2. MRS analysis

� Increased Cho/NAA ratio; ranging from 1.35 to 6.07 with

mean ratio 3.53 ± 1.5.
� Increased Cho/Cr ratio; ranging from 1.64 to 12.75 with
mean ratio 7.21 ± 4.2.

� Increased NAA/Cr ratio; ranging from 0.27 to 3.5 with
mean ratio 2.32 ± 1.1.
� Decreased Cr/Cho ratio; ranging from 0.08 to 0.61 with
mean ratio 0.21 ± 0.19.

� Lactate doublet was detected in all cases.
� No lipid peak was detected.
al onset of disturbed consciousness, and left cranial nerve palsies.

d a well defined left sided CPA mass lesion with smooth outlines

cerebellar peduncle. The lesion displayed T2 hyperintensity and

on-enhancing component. Proton MRS (TE 144 ms) spectrum (d)

doublet at 1.3 ppm (arrow). Relatively low Cr concentration.



Figure 2 Case (2): A six-year-old female patient presented gradual onset of blurring of vision and disturbed gait. Axial T2WI (A), axial

(B) and coronal (C) Gd-enhanced TIWI showed a well defined mass lesion involving in the right CPA and the right cerebellar hemisphere

and indenting the brain stem. The mass displayed T2 hyperintensity and heterogeneous enhancement after contrast administration with

central non-enhancing component. Proton MRS (TE 144 ms) spectrum (D) revealed: high Cho/Cr ratio (7.63); high NAA/Cr ratio (3.50);

lactate doublet at 1.3 ppm (arrow). Relatively low Cr concentration.

Figure 3 Case (3): A two-year-old female patient presented by disturbed level of consciousness. Axial T2WI (A), coronal (B) and sagittal (C)

Gd-enhanced TIWI showed a sizable posteriorly exophyticmass lesion extending from the cervicomedullary region toward the cisternamagna.

The lesion displayed T2 hyperintensity and heterogeneous enhancement after contrast administration. ProtonMRS (TE 144 ms) spectrum (D)

revealed: high Cho/Cr ratio (4.18); high NAA/Cr ratio (1.38); lactate doublet at 1.3 ppm (arrow). Relatively low Cr concentration.
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Figure 4 Case (4): A 15-year-old male patient presented by headache and disturbed level of consciousness. Axial T2WI (A), axial Gd-

enhanced (B) and sagittal non-enhanced (C) TIWI showed right sided thalamo-peduncular mass lesion having a large solid and smaller

cystic components, with mass effect upon the third ventricle with consequent mild hydrocephalic changes. The solid component displayed

T2 hyperintensity, T1 hypointensity with homogenous intense enhancement after contrast administration. Proton MRS (TE 144 ms)

spectrum (D) revealed: high Cho/Cr ratio (12.75); high NAA/Cr ratio (3.03); lactate doublet at 1.3 ppm (arrow). Relatively low Cr

concentration.
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Table 1 shows a summary of the spectroscopic MRI find-
ings in the seven patients included in the study.

Figs. 1–5 show a demonstration for the MRI conventional
and spectroscopic findings in five patients included in the
study.

4. Discussion

In our study, we had seven patients with histopathologically
proven pilocytic astrocytoma, five of them were in the poster-
ior fossa and the remaining two were in supratentorial location
and we found that pilocytic astrocytomas had specific meta-

bolic profile that was demonstrated in all our cases, with no
notable difference between supra- and infratentorial ones.

The spectra of pilocytic astrocytoma revealed high Cho/

NAA and Cho/Cr ratios (3.53 ± 1.5) and (7.21 ± 4.2), respec-
tively, relative low concentration of creatine with increased
NAA/Cr ratio (2.32 ± 1.1). Lactate doublet was detected in

all cases while no lipid peaks were detected.
Our results were in agreement with the previous studies

which evaluated the role of MRS in the assessment of pilocytic
astrocytoma.

Hwang et al.5 found that pilocytic astrocytoma has rela-
tively high Cho/NAA and Cho/Cr ratios (3.4 ± 2.14) and
(3.46 ± 1.46) respectively with an elevated lactate doublet
which was observed in all the studied cases. No dominant lipid
peak was observed.

Cicel et al.6 stated that pilocytic astrocytomas exhibit ele-
vated lactate, and Cho and diminished levels of NAA, Cr,
and mIns, and in contrast to Hwang et al.,5 Cecil et al.6 stated

that elevated lipid was also found.
Our study was also in agreement with Panigrahy et al.7 who

found that the pilocytic astrocytoma had relatively low Cr and
increased NAA/Cr ratio (1.8 ± 1.2) as compared to

(2.32 ± 1.1) in our study.
Wang et al.8 used long-echo-time MRS to classify pediatric

cerebellar tumors with accuracy about 85% by using Cr/Cho

and NAA/Cho ratios. They found low-grade astrocytomas
and ependymomas had higher NAA/Cho ratio as compared
to primitive neuroectodermal tumors.

An elevated lactate peak reflects anaerobic metabolism; sur-
prisingly, this is not well correlated with tumor grade in the
pediatric population.6

Kugel et al.9 reported the lack of correlation between lac-

tate signal and tumor grade. High lactate signal could be found
in both benign and malignant tumors.5

Sutton et al.10 found lactate peak in nearly all 25 pediatric

gliomas studied, regardless of grade.
Multiple mechanisms were suggested by Hwang et al.5 to

explain the high lactate concentration in this benign tumor.



Figure 5 Case (5): A 13-year-old female patient presented by blurring of vision and vomiting. o Axial T2WI (A), axial (B) and sagittal

(C) Gd-enhanced TIWI showed a sizable lobulated hypothalamic–chiasmatic mass lesion with intra-ventricular extension into the third

and the lateral ventricle with consequent hydrocephalic changes. The lesion displayed T2 hyperintensity with intense enhancement after

contrast administration. Proton MRS (TE 144 ms) spectrum (D) revealed: high Cho/Cr ratio (11.32); high NAA/Cr ratio(2.64); small

lactate peak (arrow). Relatively low Cr concentration.
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They suggested that high lactate concentration may be due to
abnormal number or dysfunction of mitochondria, which
would interfere with the process of oxidative phosphorylation

and electron transport, alterations in proportional oxygen
delivery, and oxygen extraction or usage by tumor or anaero-
bic glycolysis by tumor cells.

In three cases, and by using multi-voxel spectroscopy due to
the large size of the lesions, we found no metabolic abnormal-
ities outside the enhancing tumor bed reflecting its benign non

aggressive behavior of this WHO grade I tumor. That was also
demonstrated in a previous study by Morales et al.11 who
found an elevation in Cho/Cr ratios in the peritumoral regions

of two cases of pilomyxoid astrocytoma in comparison with
pilocytic astrocytoma, reflecting the more aggressive and infil-
trative behavior of the former tumor.

Harris et al.12 observed that the MRS spectra of pilocytic

astrocytomas have low signal to noise ratio which may be
due to their low cellularity compared with other tumors and
this characteristic may be a useful discriminator for these

tumors.
Finally based on the findings of our study in correlation

with the findings of the previously mentioned studies we could

suggest that pilocytic astrocytoma has a specific metabolic
profile which is characterized by low creatine, elevated cho-
line/creatine and N -acetyl aspartate/creatine ratios with the

presence of lactate doublet at 1.3 p.p.m. So we recommend
that MR spectroscopy should be a part of the routine MR
examination for cases with suspected pilocytic astrocytoma
as it could increase the imaging diagnostic efficiency of such
tumors even before surgical removal and histopathological
examination.

References

1. Tortori-Donati P, Rossi A, Biancheri R, Garrè ML, Cama A.
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