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Purpose : To evaluate the usefulness and reproducibility of 'H MRS in different 1.5 T
MR machines with different coils to compare the SNR, scan time and the spectral
patterns in different brain regions in normal volunteers.

Materials and Methods : Localized 'H MR spectroscopy (‘H MRS) was performed in a
total of 10 normal volunteers |age; 20-45 years) with spectral parameters adjusted by
the autoprescan routine (PROBE package). In all volunteers, MRS was performed in a
three times using conventional MRS (Signa Horizon) with 1 channel coil and
upgraded MRS (Echospeed plus with EXCITE} with both 1 channel and 8 channel
coil. Using these three different machines and coils, SNRs of the spectra in both
phantom and volunteers and {pre)scan time of MRS were compared. Two regions of
the human brain (basal ganglia and deep white matter) were examined and relative
metabolite ratios (NAA/Cr, Cho/Cr, and mI/Cr ratios) were measured in all
volunteers. For all spectra, a STEAM localization sequence with three-pulse CHESS
H,O suppression was used, with the following acquisition parameters: TR =3.0/2.0
sec, TE=30 msec, TM=13.7 msec, SW=2500 Hz, SI=2048 pts, AVG=64/128, and
NEX=2/8 (Signa/Echospeed).

Resuits : The SNR was about over 30% higher in Echospeed machine and time for
prescan and scan was almost same in different machines and coils. Reliable spectra
were obtained on both MRS systems and there were no significant differences in
spectral patterns and relative metabolite ratios in two brain regions (p > 0.05).
Conclusion : Both conventional and new MRI systems are highly reliable and
reproducible for 'H MR spectroscopic examinations in human brains and thére are
no significant differences in applications for 'H MRS between two different MRI
systems.
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Single-voxel 'H MR spectroscopy (‘H-MRS) has been
developed as a noninvasive method for biochemical
information. 'H-MRS can detect alteration in brain
metabolism not only in patients with abnormal MR
imaging findings such as brain tumors, abscesses, and
white matter diseases but also with normal or indistinct
MR imaging findings which might be in early or
subclinical state for MR imaging changes such as
hepatic encephalopathy, systemic lupus erythematosus
and after cardiac transplantation, etc {1-17, 23, 24).

Despite its usefulness, 'H-MRS application is still
limited by the technical difficulties, lack of
reproducibility, length of time required for data
acquisition. After single-voxel Proton Brain Exam
(PROBE/SV; General Electric Medical Systems,
Milwaukee, Wis, USA) permits automated shimming,
water suppression, and data processing, on-line
spectrum display, and it markedly decreased length of
time and increased reproducibility of the data
acquisition ({18, 19). Until now, the analyses in main
metabolites on 'H-MRS were usually made by semi-
quantitative method with measuring relative metabolite
ratios and they are different in various brain regions
and in various ages of the patients. Therefore, the
normal peak values in different region and ages are
important as a reference data for evaluation of
intracranial diseases.

Recently, we have upgraded 1.5 T MR machine from
Signa Horizon to Echospeed plus with Excite and
almost all hardware and software were changed. New
MR machine could be more conveniently applied in
brain MR imaging and new MR techniques such as
perfusion image and diffusion tensor image could be
possible. In application of ‘*H MRS, high signal to noise
ratio {SNR) and short prescan and scan time would be
expected. The purpose of this study was to evaluate the
reliability and reproducibility of *H MRS in new 1.5 T
MR machine using various coils to compare the SNR,
scam time and the spectral patterns with conventional
1.5 T MR machine in different brain regions in normal
volunteers.

Materials and Methods

In 10 normal volunteers aged 20-45 years, we

performed 'H MR spectroscopic examinations with ‘

spectral parameters adjusted by the auto-prescan

routine (PROBE package). In all volunteers, MRS was
performed in a three times using conventional MRS
{Signa Horizon) with 1 channel head coil and upgraded
MRS (Echospeed plus with EXCITE) with both 1
channel quadrature head coil and 8 channel
neurovascular coil with 1 receiver. In 5 volunteers,
MRS was performed in Signa machine followed by
Echospeed machine, and vice versa in the other 5
volunteers. Two regions of the human brain, which
were basal ganglia and deep white matter, were
examined in all volunteers. The selection of voxel size
and position was determined by examining the MR
images in the sagittal and axial planes. Voxel size was
approximately 8 cm® (2 X2 X 2 c¢m), voxels were chosen
mainly from axial planes, and to avoid tissue
contamination from adjacent structures and to keep the
technique consistent, all were positioned by an

" experienced neuroradiologist. Restricting the edge of

voxels to positions approximately 5-10 mm from the
skull prevented contamination of the spectra by strong
signals from scalp fat, which can mask lactate
resonance.

MR imaging and PROBE/SV examinations were
performed with two different 1.5 T whole-body MR
system (Signa Horizon and Echospeed plus with
EXCITE; General Electric Medical Systems,
Milwaukee, Wis) equipped with active shielded
gradients operating with head and neurovascular coils.
Before spectroscopy, we obtained conventional MR
images using spin-echo T1-weighted axial and sagittal
images (TR/TE:484/8-9 msec; NEX:2; matrix size:256
(192; slice thickness: 7 mm,; interslice gap: 0 mm} and
T2-weighted images (TR/TE: 4000/98; NEX:2; matrix
size:256{256; slice thickness:7 mm; interslice gap:0
mm). In no case was contrast enhancement performed.

For all spectra, STEAM (Stimulated Echo Acquisition
Method) localization sequence with three-pulse
CHESS(Chemical shift selective} H,O suppression was
used with the following acquisition parameters:
TR=3.0 sec, TE=30 msec, TM = 13.7msec, SW=2500
Hz, SI=2048 pts, AVG=64, and NEX=2 in Signa and
TR=2.0 sec, TE=30 msec, TM =13.7 msec, SW=2500
Hz, SI=2048 pts, AVG=128, and NEX=<=8 in
Echospeed. The TR, AVG and NEX were different in
two machine, as GE company originally recommended.
The post-processing was carried out at a SUN SPARC
20 workstation with Spectral analysis/General electric

-80 -



(SA/GE) software incorporated with low frequency
filtering of residual water signal removal, apodization
by 0.5 Hz of exponential line broadening, zerofilling of
8 k, FT, and lorenzian to gaussian transformation.

Using these three different machines and coils, SNRs
of the spectra and prescan and examination time of
MRS were compared. SNR was measured by following
equation; SNR = signal intensity/standard deviation of
noise. Signal intensities were measured in creatine peak
with constant peak width at 3.02 ppm and noises were
measured in insignificant peaks at 0-0.5 ppm with
same peak width with creatine peaks in both in vitro
phantom study and in vivo normal volunteer studies.
In all spectra, major brain metabolites, which were N-
acetyl aspartate (NAAJ, creatine (Cr), choline
compounds (Cho), and myo-inositol {ml) were
measured. Regional differences in relative metabolite
ratios to Cr (NAA/Cr, Cho/Cr, and mI/Cr ratios)
between different machines and coils were analyzed,
using Wilcoxon' s rank sum test.

Results

In all volunteers, successful and reliable spectra were
obtained in both basal ganglia and deep white matter
using different 1.5 T MR machines and 1- and 8-
channenl coils.

Reliable spectra were obtained on both conventional
and upgrade MRS systems in both basal ganglia and
deep white matters.

The SNRs in Echospeed machine were higher about
over 30% than those in Signa machine in both phantom
and volunteers studies.

Scan Time was 4 minutes and 42 seconds for '"H MRS

'H MR Spectroscopy of the Normal Human Brains

in Signa machine and 5 minutes and 4 seconds in
Echospeed machines. There were no differences of the
scan time between 1- and 8-channel coils. However,
the time for prescan was about 1 minutes in Signa and
10-20 seconds in Echospeed machine and total scan
time was almost the same with each other.

The predominant signals were N-acetylaspartate
(NAA) at 2.02 ppm, creatine and phosphocreatine (Cr)
at 3.04 ppm, choline {Cho) at 3.21 ppm, and myo-
inositol (ml) at 3.56 ppm (Fig 1). The values of NAA/Cr,
Cho/Cr and ml/Cr ratios at various brain sites of the
normal volunteers were clearly demonstrated.
Although SNRs were higher in Echospeed machine
than those of Signa Horizon machine, the relative
metabolite ratios were not significantly different
between them (p>0.05) (Table 1 and Fig. 2). The
spectral patterns in both machines and coils were not
significantly different.

Discussion

In our study, reliable and successful ‘H MRS data
could be obtained using different 1.5 T MR machines
and different coils in all volunteers, and the relative
metabolite ratios in two different regions were not
statistically different among them.

After rapid development in 'H MRS, functional and
metabolic information about various human brain
diseases can now be obtained non-invasively and
without the use of ionizing radiation (20).
Unfortunately, however, conventional MR
spectroscopy examinations are time consuming and
operator dependent and involve fairly complex manual

post-processing work (18, 19). Using automated (pre}-

Table 1. Relative metabolite ratios with different MR machines and coils. There were no statistical differences of
relative metabolite ratios between Signa and Echospeed MR machines and different coils in two brain regions

(p>0.05).
NAA/Cr Cho/Cr ml/Cr
BG Signa 1 channel 1.25+0.21 0.80+0.16 0.55+0.19
Echospeed 1 channel 1.27+0.12 0.79+0.11 0.50£0.07
Echospeed 8 channel 1.43+£0.22 0.73+0.07 0.47+0.06
DWM Signa 1.58+0.18 0.87+0.16 0.611+0.09
Echospeed 1 channel 1.74+£0.17 0.95+0.14 0.64+0.10
Echospeed 8 channel 1.70+0.49 0.83+0.12 0.54+0.17

BG: basal ganglia, DWM: deep white matter, NAA: N-acetylaspartate, Cr: creatine/phosphocreatine, Cho: choline

compounds, ml: myo-inositol
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scan method, Proton Brain Exam (PROBE), acquisition
parameters can be adjusted in 2-5 minutes, including
the adjustment of the offsets of %, y, and z shim coils,
transmitter radio-frequency (RF) powers, receiver
gains, on-resonance frequency, and RF powers used for
suppression of the water signal. In addition, automated
'H MRS can immediately post-process data, and
displays the crude spectrum on the monitor screen
straight after acquisition (25).

Upgraded 1.5 T MR machine, Echospeed plus
EXCITE have strong and large hardware and software.
The CPU and hard disk in main computer were
upgraded, Gradient system and radiofrequency and
receiver systems were upgraded and digitalized. New
scan parameters were also possible, that is, decreased
minimal repetition time and echo time and increased

matrix size, etc. It would increase examination speed,
increase contrast resolution and increased SNR more
than 30%. New MR techniques were also possible with
new machine, which included perfusion image,
diffusion tensor image, apparent diffusion coefficient
(ADC) map image, and single- and multi-voxel '"H MRS.
Receive coils with multi-channel were available in new
MR machine and they could provide high resolution
MR images and decreased scan time.

The reliability and reproducibility on 'H MRS using
multi-channel coils, however, were not well established
until now, it should be important to examine MRS with
new machine and coils and to compare them with
those of conventional MR system. Recently, subtle
changes of the metabolites in various cerebral diseases
could reflect early neuropsychiatric symptoms,
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Fig. 1. '"H MR spectroscopy in 29 year-old man with conventional MR machine {Signa Horizon} with 1 channel coil
(1) and upgraded MR machine (Echospeed plus with EXCITE) with both 1 channel {2} and 8 channel coils (3). There
are no significant differences of the spectral patterns in the various sites of the brain among them.

a) basal ganglia b) deep white matter

NAA: N-acetylaspartate, Cr: creatine / phosphocreatine, Cho: choline compounds, mI:myo-inositol
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especially in patients with no change was found in MR
imagings, the precise normal metabolite ratios in
various cerebral regions and ages were very important,
Therefore, relative metabolite ratios in this study in
addition to success rate and SNR could be the basic
reference data for further application of the MRS to
various cerebral diseases.

Proton Brain Exam (PROBE) package is new program
for totally automatic acquisition of data and dramatic
improvement of temporal resolution could be obtained
with it {2). Using PROBE/SV, acquisition parameters
can be adjusted in 2-5 minutes, including the
adjustment of the offsets of x, y, and z shim coils,
transmitter radio-frequency (RF) powers, receiver
gains, on-resonance frequency, and RF powers used for
suppression of the water signal. In addition, automated
'H MRS can obtain immediately post-process data, and
display the crude spectrum on the monitor screen
straight after acquisition {25). In our study, reliable and
reproducible 'H MRS findings could be obtained in all
volunteers using PROBE package with different MR
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machines, it would be reliable and convenient method
for further application of *H MRS study.

Because it allows for short TE acquisition at the price
of a lower signal-to noise ratio, only STEAM pulse
sequence were used in our study. *H MR spectroscopy
\using PRESS (Point Resolved Spectroscopy) at long
echo times (135 and 270 msec) allows the detection of
only four types of metabolite: choline compounds,
creatine/ phosphocreatine, N-acetylaspartate, and
lactate (2, 21). In contrast, using a short echo time (20-
30 msec), other resonance peaks such as myo-inositol,
glycine, glutamine/glutamate, macromolecules, and
lipids can be distinguished (2, 22). When examining
abnormalities of the human brain such as tumors and
cerebral infarctions, we may be seeking not only the
four major metabolites with a long echo time, but also
others; if so, a short echo time should be applied.
However, PRESS has higher SNR than STEAM and
consequently application in small voxel size is possible.
Moreover, it is reported that PRESS method at short
echo time was possible, further 'H MRS studies in
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Fig. 2. Ranges of the relative metabolite ratios with
conventional MR machine (Signa Horizon} with 1
channel coil and upgraded MR machine (Echospeed plus
with EXCITE) with both 1 channel and 8 channel coils.
a) NAA/Cr, b) Cho/Cr, and ¢} ml/Cr

BG: basal ganglia, DWM: deep white matter

NAA: N-acetylaspartate, Cr:creatine/phosphocreatine,
Cho: choline compounds, mI:myo-inositol, S: Signa 1
channel, E-1: Echospeed lchannel, E-8: Echospeed 8
channel
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fields of cerebral regions with PRESS methods would
be necessary.

NAA is understood to be a neuronal marker, and a
decrease in NAA is due to loss of neurons or neuronal
activity as a result of myelin breakdown. Cho appears
to contain contributions from phosphorylcholine and
glycerophosphorylcholine, which are precursors to cell
membrane and the breakdown products of cell
membrane, especially the myelin sheath, respectively.
An increased Cho signal is thought to be a tumor
marker or an indicator of active demyelination. Cr
appears to be a phosphate reservoir that is related to
cell and energy metabolism and regarded as reference
metabolite because it has been assumed to be constant
in healthy adults. As a carbohydrate metabolic
intermediary as a precursor of compounds in
intracellular signaling pathways, as a constituent of
membrane phosphatidylinositol and as an

osmoregulator, mlI peaks are thought to play central

role in the brain {7, 8, 16).

In conclusion, new MRI systems are highly reliable
and reproducible for 'H MR spectroscopic examinations
in human brains and with some differences in SNR and
scan time, the spectral patterns and relative metabolite
ratios were not significantly different between two
different MRI systems.
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