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In this study, we investigate the effects of poor shimming on quantitative measurement of
ratios of metabolite levels by proton magnetic resonance spectroscopy ('"H MRS). Coefficient of
variation (COV) of metabolite ratios for point resolved spectroscopy (PRESS) and
stimulated~echo acquisition mode (STEAM) spectra was evaluated from a phantom containing
in vivo levels of metabolites using a conventional whole body 1.5T MR system and conventional
acquisition and analysis protocol. A statistical P-value was also calculated from a linear
regression for relationship of metabolite ratios. N-acetylaspartate (NAA)/ creatine (Cr) and
NAA/ choline (Cho) had low COV values for the long and short TE spectra (29.1 and 275 %;
23.8 and 12,6 %), whereas Cho/Cr and Cr/Cho had high COV values (50.0 and 68.6 %; 27.5 and
29.3 %). A linear relationship between NAA/Cr and Cho/Cr, and between NAA/Cho and Cr/Cho
revealed the statistical significance in the long and short TE spectra, respectively (P < 0.0001
and P < 00001, P = 0015 and P = 0.005). There was no significant relationship between
Cho/NAA and Cr/NAA in the measurement (P = 0.159; P = 0910). The present study
suggested that NAA/Cr and NAA/Cho could be useful for data with poor shimming in 'H MR
spectroscopy. In conclusion, statistical significance of metabolite ratios indicated that the Cr and
Cho levels could be interpreted as a significant alteration factor in the long and short TE
spectra, and then should be used with care to provide precise metabolite quantification.
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Introduction

Quantitative analysis of the brain metabolites
using proton magnetic resonance spectroscopy ('H
MRS) stems from the fact that the area under a
collected peak
number of spins contributing to the peak. Thus,

is directly proportional to the

under appropriate conditions in MRS evaluation,
assessment of metabolite concentrations can be
reduced to calculate peak areas that are able to
aid in the interpretation of clinical MRS data (1,
2). The most refined approach to peak area
calculation requires spectral curve fitting that is
MRS results.

quantification of

widely used in reporting clinical
the
separated peaks in clinical low-field spectra poses

Since absolute poorly
much more formidable problems (3, 4), the ratio
method on the basis of metabolite peak area is
currently used in the most clinical MRS studies
the

The ratio method is calculated

because it provide simplest quantitative
assessment (5).
from a spectrum of lesion and then compared to
the corresponding ratios from contralateral normal
region, if available, otherwise may be compared to
normative values from healthy volunteers. In
order to improve accurate quantification, one of
fulfil  the

requirement of a reference that does not vary

the measured metabolites must
with the physical conditions and/or diseases. In
general, the ratio method relies on the assumption
that the metabolite of creatine (Cr) of the brain is
stable enough to use as an internal reference in
reporting relative concentrations of other
metabolites such as N-acetylaspartate (NAA) and
choline (Cho).

that this assumption should be used with care (6,

However, recent reports suggest

7). In reality, a stable internal reference may be
unavailable for some pathophysiological conditions.
Nevertheless, knowledge of biochemical processes
with MRS techniques has contributed to the
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successful utilization of ratios in the interpretation
of clinical MRS data (8, 9).

'H MRS is to detect signals from small
concentration of metabolites in the presence of the
large concentration of water contained in a small
Thus, it
and precise

volume over a narrow frequency range.

is critical to secure practical
localization techniques, the best field homogeneity
possible and the effective water suppression.
Specifically, the optimized homogeneity of the
magnetic field within the volume of interest (VOI)
MR

signal to noise ratio (SNR) and smaller peaks. On

directly improves the spectral resolution,
the other hand, the field inhomogeneities such as
a poor shim in the VOI degrade the water signal
suppression significantly, decreasing the spectral
quality of the resultant proton spectra. Thus, the
incomplete water suppression and the residual
water peak consequently affects the MRS signals

and hence the calculation of peak area.

To evaluate the effects of poor shimming on
quantitative measurement of ratios of metabolite
levels by proton magnetic resonance spectroscopy
('H MRS), the
quantitatively a coefficient of variation

investigated
(COV)

when field inhomogeneities were introduced by a

present study

linear shim current offsets. A linear relationship
between metabolite ratios was evaluated in order
to determine the variation of major metabolites

such as NAA, Cho, and Cr.

Materials and Methods

Phantom

A phantom containing in vivo levels of
metabolites at concentrations in the adult human

brain was used to study in vitro 'H MRS. The
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homemade phantom (liquid brain) contains 125
mM of NAA, 100 mM of Cr + PCr, 3.0 mM of
Cho, 75 mM of myo-inositols (Ins), 125 mM of
glutamate (Glu), 50 mM of Lactate (Lac), 50.0
mM KH:PO, 0.1%6 sodium azide and 0.1%
Gd-DTPA, although three major peaks such as
NAA, Cr, and Cho are considered here.

Data Acquisition

All localized '"H MRS studies were performed
15T MRI/MRS

Simense, Erlangen, Germany) with a quadrature

on a system (Vision plus,
transmit and receive high pass birdcage head coil
The

and

for all measurements. resolved
(PRESS)
acquisition mode (STEAM) pulse sequences (10,
11),

chemical shift-selective saturation (CHESS) puises

point
spectroscopy stimulated-echo
followed by water suppression with three

and dephasing gradients were then used to obtain
water-suppressed metabolite spectra. Spectral
parameters in the PRESS (or, STEAM) were TE
135 ms, TR 1500 ms (20ms, 2000ms), acquisition
averages 128, spectral width 2500 Hz and data
points 2048.

prescribed from an axial localizer at isocenter.

A localized voxel size (6mL) was

Poor shimming

It is often necessary to distinguish
compounds that differ in chemical shift by only a
fraction of a part per million (ppm). Thus, it is

important to emphasize the homogeneity of the
magnetic field since the homogeneity directly
affects the spectral resolution, SNR and peak area
for each metabolite. In particular, it is crucial for
in vivo '"H MRS because poor shimming degrades
the water signal suppression and produces the bad
quality of the resultant spectra. Consistent field

homogeneity for a series of similar in vivo studies
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is als6 an important asset for accurate metabolic

quantification (12). Thus, in general, a local shim

is applied over a selected VOI for local
homogeneity improvement before water
suppression in MRS experiment (13). In the

present study, however, poor shim due to linear
shim current DC offsets was specifically applied
for optimum shim values as shown in Table 1.
Typical full width at half maximum (FWHM) of
water peak was 1Hz. The field inhomogeneities

introduced by the poor shim affected peak
broadening and/or baseline distortions of spectrum
Thus, the

incomplete water suppression and the residual

due to incomplete water suppression.

water peak affected the MRS signals and hence
The calculated
included possible errors for

peak area for each metabolite.
peak area each

metabolite concentration. Therefore, the poor

shimming influenced on the MRS signals and
hence the calculation of peak area for each

metabolite.

Data Analysis

All MRS raw data were processed using a
software package supplied by the manufacturer of
(Siemens NUMARIS data analysis
package) running on a SUN workstation (Vision
Metabolite

spectra were phase-corrected using measurements

the system

plus, Simens, Erlangen, Germany).
from the water spectra, and residual water signal
filter

This window convolution

suppressed by a low-frequency using
window convolution.
has a negligible effect on the metabolite signals of
Data were zero filled to 4096 points and
3 Hz

Phased absorption spectra were

interest.

line broadened to prior to Fourier
transformation.
reported with baseline corrections or resolution
All of the 'H MRS spectra were

plotted and analyzed in the absorption mode and

enhancement.

fitted to Lorentzian lineshapes. Proton resonance



Bo-Young Choe, Hyeon-Man Baik, Tae-Suk Suh, Hyoung-Koo Lee, Heung-Jae Chun, Kyung-Sub Shinn:
Evaluations of Inhomogeneous Shimming in 'H MR Spectroscopy

Table 1. Field inhomogeneities introduced by linear shim current DC offsets within a localized volume of

interest along the X, Y and Z directions, respectively.

PRESS (or, STEAM) Optimum Shim Value
(X = -81(-4), Y =282 (3), Z = -137 (-4))

Xy: SC DC Offsets Y SC DC Offsets Zyxy SC DC Offsets
(-60)
(-50) (-50) (-50)
(-40) (-40) -15 (+40)
(-30) (-30) -10 (+30)
(-20) (-20) -5 (+20)
0 (-10) 0 (-10) 0 (+10)
+5 (0) +5 (0) +5 (0)
+10 (+10) +10 (+10) +10 (-10)
+15 (+20) +15 (+20) +15 (-20)
+20 (+30) +20 (+30) +20 (-30)
+25 (+40) +25 (+40) +25 (-40)
+30 (+50) +30 (+50)
+35 (+60) +35 (+60)

Note. X,, SC DC offsets are independent of only X axis shim current (SC), when Y and Z shim current
components are fixed. Y, and Z., SC DC offsets like X,, are adjusted through starting shim values and
gradient hardware,

Table 2. Mean and standard deviation of quantitative measurement of metabolite ratios by the long TE

PRESS and the short TE STEAM techniques

Metabolic Cr Ref. Cho Ref. NAA Ref.
Ratio NAA/Cr Cho/Cr NAA/Cho Cr/Cho Cho/NAA Cr/NAA
cov 14.6 278 14.2 26.3 241 14.4
Covz2 29.1 50.0 275 68.6 28.5 30.7
Ccov3 238 275 12.6 29.3 139 249

Note. coefficient of variation (COV) = 100% x standard deviation / mean, NAA = N-acetylaspartate, Cr =
creatine, Cho = choline-containing compounds, Ref. = reference. COV1 and COV2 are given as the
percentage for an optimum and poor shim with the long TE PRESS spectra, and COV3 are depicted for a

poor shim with the short TE STEAM spectra.

olstgal H 113 ® 1%, 20004 3%
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in the spectra was assigned on the basis of prior
assignment (1), Resonance peak assignments of
major proton metabolite were 1.25 and 1.35 ppm
of Lac, 2.0 ppm of NAA, 235 ppm of Glu, 3.0
ppm of Cr, 3.2 ppm of Cho and 3.55 ppm of Ins.
From these values, NAA/Cr, Cho/Cr, NAA/Cho,
Cr/Cho, Cho/NAA and Cr/NAA
determined. A relative error was characterized by
a coefficient of variation (%COV = 100 times
A COV value was

of poor

ratios were

standard deviation/mean).

determined for the effects shim on
quantitative measurement of ratios of metabolite
PRESS and STEAM pulse

Optimum shim with re-shimming the

levels by the
sequences.
magnet was also characterized by the percentage
In additional data

linear relationship between

value as shown in Table 2,
analysis “method, a
was used to determine the
of Cr, Cho, and NAA
Statistical analysis was performed

metabolite ratios

degree of variation
metabolites.
using Origin (Origin for Windows, Version 6.0,
Microcal Software, Inc.). The P value was
obtained from the ANOVA for linear regression

(the P value for the t-test of the slop=0).

RESULT

Figure 1 illustrates two spectra acquired
from the phantom under a good (left) and poor
(right) shimming, or moving the phantom in 'H
MRS by the long TE PRESS pulse sequence.
The mean and standard deviation of the areas for
each of the metabolite signals were calculated, and
a relative error was obtained by taking the ratio
Table 2

shows COV wvalue for effects of poor shim on

of the standard deviation to the mean.

quantitative measurement of ratios of metabolite
NAA/Cr and NAA/Cho showed the low

levels.

elatga| ® 11 H 1&F, 2000 3%

<r

(actate Lactate

u T T T
“06 38 30 28 26 15 1.0 OS5

T T
40 35 20 25 20 1§ 10 0§
ppm ppm

Figure 1. Spectra obtained from a localized volume of
interest centered on the phantom containing major brain
metabolites under an optimum {left) and poor (right)
shim, or moving the phantom in 'H MRS with the long
TE PRESS pulse sequence. The poorly separated
peak was observed when field inhomogeneities were

introduced.
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Figure 2. The calculated COV values for an optimum
shim with re-shimming, and for a poor shim by the
linear shim current DC offsets. Poor shim was
statistically compatible to the optimum shim in the

metabolite concentration variations possible in  the

measurements



78 Bo-Young Choe, Hyeon-Man Baik, Tae-Suk Suh, Hyoung-Koo l.ee, Heung-Jae Chun, Kyung-Sub Shinn:
Evaluations of Inhomogeneous Shimming in 'H MR Spectroscopy

COV values in the long TE spectra (29.1, 275
%), whereas those of Cho/Cr and Cr/Cho showed
the high COV values (50.0, 686 %).
for an optimum and poor shim studies are shown

The results

in Figure 2. A percentage COV wvalue for the
effects of poor shim in 'H MRS by the short TE
STEAM pulse sequence is also included in Table
2. NAA/Cr and NAA/Cho in the short TE
spectra were observed in low COV values (23.8,
126 %), when compared with those of Cho/Cr and
Cr/Cho (275, 29.3 %).

When a relationship between the metabolite
ratios was analyzed as a linear regression model,
The statistical
P-value was used to determine the variation of
Cr, Cho, and NAA metabolites field
inhomogeneities were Figure 3
illustrated that the relationship between NAA/Cr
and Cho/Cr had the significance in the long and
short TE spectra (r = 0894, P < 0.0001; r =
0.883, P < 0.0001). Figure 4 showed a significant
relationship between NAA/Cho and Cr/Cho in the

we found an interesting result.

when

introduced.

r=0497 °
n=23
sl P=0.015 ]

NAA/Cho

Cr/Cho

(b)

Figure 3. Relationship between NAA/Cr and Cho/Cr in 'H MRS with the long TE PRESS (a) and the short TE

STEAM (b) spectra.

r=0.497 °
n=23
sl P=0015 4

Cr/Cho

(a)

Relationshi% between NAA/Cho and Cr/Cho in 'H MRS with the long TE PRESS (a) and the short
, 20004 3%

_Fei%f@a?'m 12 Ay
EEA {

b) spectra.
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shimming among these factors is to optimize the
magnetic field homogeneity specifically over the
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Figure 5. Relationship between Cho/NAA and Cr/NAA in 'H MRS with the long TE PRESS (a) and the short

TE STEAM (b) spectra.

long TE PRESS (r = 0497, P = 0.015) and the
short TE STEAM (r = 0480, P = 0.005) pulse
sequences. In case of NAA, however, there was
no significant relationship between Cho/NAA and
Cr/NAA ratios, with the use of a regression line
(r = 0304, P = 0159; r = 0.02, P = 0910) (Figure
5 (a) and (b)).

statistically significant in the measurement.

Thus, NAA variation was not

DISCUSSION

Successful MRS examination for quantitative
results depends on a wide variety of different
factors that include patient preparation, voxel
shimming, water suppression, choice of acquisition
Each of these
factors can contribute to possible deviations in the

The

parameters and post-processing.

precision of the results. local voxel
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selected VOI

produces narrower and shaper metabolite peaks,

A good local shimming procedure

hence better resolution and improved

SNR.

inappropriate shimming control that could degrade

spectral

In our experiment, however, we used an

the water signal suppression and the quality of
the resultant spectra. The poor or inadequate
shimming in accordance with linear shim current
DC offsets was applied for optimized good shim
The

shim current offset was adjustable through the

values specifically over the selected VOIL

shim values starting from the references and
All acquisition spectra were
The

peak area for each metabolite in MR spéctra was

gradient hardware.

obtained from the physical environments.

affected by peak and/or baseline distortions of
spectrum due to incomplete water suppression.
Thus, the calculated peak area included a signal
loss for each metabolite on the measurements,
although the residual water peak area and the
baseline were correctly defined in determining the

peak areas.
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Percentage COV value was calculated by
finding the mean and standard deviation of the
peak area variations to determine the effects of an
optimum and poor shim in 'H MRS by the long
TE PRESS pulse sequence.
COV values of poor shim are mostly larger than

In most cases the
the optimum shim when field inhomogeneities
were introduced. The poor shim was comparable
to the optimum shim as shown in Figure 2.

An interesting result was observed when we
measured the effects of poor shim on quantitative
measurement of ratios of metabolite levels by the
PRESS and STEAM pulse sequences. NAA/Cr
and NAA/Cho were observed in low COV values
in the long and short TE spectra. These finding
may indicate that two independent ratios (e.g.,
NAA/Cr and NAA/Cho) could be most useful for
Otherwise, Cho/Cr and

Cr/Cho ratios with increased COV values could be

data with poor shim.

explained confidently as a significant change on

the measurement.

There
percentage COV values between the long and

was a compatible difference of
short TE spectra for quantitative metabolite ratio
levels. The long TE PRESS spectra were larger
than those from the short TE STEAM spectra.
This is a note-worthy result given that the
PRESS spectra have twice the SNR of the
STEAM spectra. Especially, Cho/Cr and Cr/Cho
revealed significant COV values in the long TE
spectra. In other studies, Brief E and coworkers
(14) reported the significance of the difference
between measurements to require knowledge of
the precision of a single measurement. They
the effect of the

magnet and measured the variation of the peak

characterized re-shimming
area with re-shimming and re-positioning. In
clinical studies, they found that the short TE
spectra were comparable to the long TE PRESS

spectra. And then, Cho/Cr could be interpreted

olsrEal XM 113 M 1%, 2000 3%

confidently as a significant change in the patient.
Sijens and coworkers (15) suggested that the
resonance of Cho might be altered due to field
inhomogeneities introduced by GD-DTPA contrast.
It appeared that GD-DTPA caused T2 shortening
of extracellular Cho-containing compounds. These
alternations also appeared more pronounced with
method using the long TE PRESS than those
short TE STEAM
Therefore, our finding might indicate that Cho/Cr

using pulse  sequence.
and Cr/Cho could be explained as a significant

alternation factor in the long TE spectra.

In Figures 3-5, the present study showed a
relationship between metabolite ratios relative to
Cr, Cho, and NAA. A significant relationship
between NAA/Cr and Cho/Cr, between NAA/Cho
and Cr/Cho, was observed in both the long TE
PRESS and the short TE STEAM spectra. Thus,
it suggested significant variation of Cr and Cho
metabolites. These findings indicated that Cr and
Cho levels could be interpreted as a significant
field
introduced by poor shim. Therefore, the Cr and

change when inhomogeneities were

Cho metabolites should be considered to be careful

in the evaluation of absolute metabolite

quantification. Moreover, non-significant
relationship between Cho/NAA and Cr/NAA might
reflect that NAA would be the least affected by
poor shim.

In some special cases of psychiatric or
pediatric patients and even patients with metallic
dental supplements or surgical clips, we could not
get the acceptable shimming results. In order to

inevitably use 'H MRS data under the inadequate

or poor shimming conditions, NAA/Cr and
NAA/Cho ratios based on low coefficients
variation seem to be a relatively accurate

quantification method. Furthermore, NAA peak is
the most reliable resonance for rationing and the
dominant peak in normal adult brain spectra. It
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is also accepted as a neuronal and axonal marker
whose physiological role is currently unknown.
Thus, NAA/Cr and NAA/Cho may be generally a
reliable ratio in interpreting many pathological MR

spectra.

In conclusion, the present study suggested
that NAA/Cr and NAA/Cho could be useful to
evaluate the metabolite alterations acquired on the
influence of poor shim in 'H MR spectroscopy.
The Cr and Cho metabolism could be interpreted
as a significant alteration factor in the long and
short TE spectra, and then should be used with
care to provide accurate metabolite quantification.
Further to establish
whether there is the relationship between the

studies are in progress

metabolite peak area ratios for in vivo tissues.
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