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ABSTRACT

BACKGROUNDAND PURPOSE: 1H-MR spectroscopy is a useful tool in brain tumor evaluation. A critical point in obtaining representative
spectra is the correct voxel positioning, which can be more accurate after Gd administration. Some experimental data suggested that Gd
could cause Cho signal loss. Our aim was to evaluate the effect of Gd in the Cho peak area and width in patients with GBM.

MATERIALS ANDMETHODS: Weperformedmultivoxel 1H-MR spectroscopy before and after Gd administration in 18 patients with GBM.
Quantification of Cho peak area and width in each voxel was completed, and the Cho mean and maximum values before and after Gd
injection were calculated in the tumor and contralateral hemisphere. Choline peak area and width values obtained before and after
contrast were compared, considering as separate entities enhancing and nonenhancing tumoral voxels and the contralateral hemisphere.

RESULTS: No statistically significant differences were found for the Cho peak area mean values in the tumoral voxels or contralaterally
(P� .05). A tendency for an increase in the Cho peak widthmean value was found in the tumoral enhancing voxels (P� .055). A statistically
significant decrease was found for the mean value of the maximum Cho peak area in enhancing tumoral voxels (P� .020). No significant
differences were found in the nonenhancing tumoral voxels or contralaterally (P� .05).

CONCLUSIONS: The injection of Gd before performing 1H-MR spectroscopy might not significantly affect the Cho peak area in patients
with GBM. The paramagnetic contrast seems to cause a different effect, depending on Gd enhancement.

ABBREVIATIONS: Gd � gadolinium; GD-DTPA � gadopentetate dimeglumine; GD-DTPA-BMA � gadodiamide; GBM � glioblastoma multiforme; GD-DOTA �
gadoterate meglumine

Conventional MR imaging is the most useful radiologic tech-

nique in the detection of intracranial tumors. However, de-

pending on the histologic type of the tumor, the diagnosis is cor-

rectly made in only 30 – 60% of cases.1

In vivo 1H-MR spectroscopy allows noninvasive evaluation of

tumor metabolic profile, and it is useful in the diagnosis of brain

tumors as well as in the characterization of metabolic changes

associated with tumor progression, degree of malignancy, and

treatment response.2-8 More recently, it has been shown that
1H-MR spectroscopy may also be useful in targeting stereotactic

biopsies and planning radiation therapy.3,8

A critical point in obtaining representative spectra is the cor-

rect voxel positioning in the most representative and solid portion

of the tumor. Paramagnetic contrast administration may be use-

ful in order to better select the most solid and representative area

of the tumor, particularly in heterogeneous lesions with necrotic

components. There are, however, some experimental data sug-

gesting that 1H-MR spectroscopy should be performed before

contrast administration, as the paramagnetic contrast could cause

loss of the Cho signal, the major metabolic tumor marker.9-11

Therefore, this concept is still controversial in the literature. Some

authors did not find any significant effect of the paramagnetic

contrast in the tumor spectra, while others did find a significant

effect, but the techniques used varied substantially.12

The aim of this study was to determine whether the adminis-

tration of the paramagnetic contrast affects the Cho peak area and

width obtained by using multivoxel spectroscopy with a long echo

time in patients with glioblastoma multiforme.

MATERIALS AND METHODS
Subjects
We evaluated 18 patients with nontreated glioblastoma multiforme,

10 men and 8 women, ranging in age from 43–83 years (mean age,
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63.2 years). This protocol was approved by our institutional review

board. All the patients were enrolled in this study after giving in-

formed consent.

MR Imaging/MR Spectroscopy
All patients underwent MR imaging and multivoxel 1H-MR spec-

troscopy on 1.5T equipment (Horizon LX 8.3 scanner; GE Health-

care, Milwaukee, Wisconsin) using the standard quadrature head

coil. MR imaging included an axial T1-weighted spin-echo sequence

(TR/TE: 466/14 ms), an axial T2-weighted fast spin-echo sequence

(TR/TE: 5100/102 ms), an axial FLAIR sequence (TR/TE/TI: 10,002/

110/2200 ms), and multiplanar T1-weighted spin-echo sequences

after the paramagnetic contrast injection (Fig 1). Multivoxel 1H-MR

spectroscopy was performed covering the largest area of T1/T2 ab-

normality at the site of the tumor using point-resolved spectroscopy

(TR/TE: 1500/135 ms) before and 6–7 minutes after Gd injection

(0.1 mmol/Kg) (Fig 2). The contrast agent used varied randomly

between GD-DTPA, GD-DOTA, and GD-DTPA-BMA during the

study. The chemical shift imaging sequence produced a 16 � 16

transversely oriented matrix that was defined by phase encoding with

a field of view of 24 � 24 cm, resulting in an individual voxel size of

15 � 15 � 10 mm. After automated transmitter and receiver adjust-

ment, the signal intensity over the volume of interest was shimmed

within a full width at half maximum of 0.07 to 0.17 ppm. Water

resonance suppression was achieved applying chemical shift selective

suppression pulses. Contralateral normal tissue was also included as

a reference for postprocessing of metabolites and region definition.

Quantification of Metabolite Ratios and Statistical
Methods
1H-MRS data were processed off-line with the software SAGE (GE

Healthcare) to select the individual spectra of interest. The voxels

of interest selected were located on differ-

ent tumor solid locations, avoiding ne-

crotic areas, and in normal-appearing

brain in the contralateral hemisphere.

Voxels with negligible signal were not in-

cluded in the study. Quantification of the

individual spectra was performed with

LCModel software (Stephen Provencher,

Oakville, Ontario, Canada). For each pa-

tient, mean Cho peak area and mean Cho

peak width values before and after Gd in-

jection were calculated, considering en-

hancing and nonenhancing tumoral vox-

els and the contralateral hemisphere

separately. We also calculated mean Cho

peak area and mean Cho peak width val-

ues for the voxels of maximum Cho peak

area in the enhancing and nonenhancing

tumoral areas and in the contralateral

hemisphere of each patient. For a given

patient, the number of tumoral voxels an-

alyzed could vary from 1–10 depending

on the tumor size and MR spectroscopy

quantification viability.

Results of Cho peak area and width

values considering the mean and maxi-

mum Cho values for each patient before and after contrast injec-

tion were compared using the paired t test for the Cho peak area

and the Wilcoxon test for the Cho peak width to establish if there

were statistically significant differences between the results, con-

sidering P � .05 to be significant.

RESULTS
For the same patient, the number of tumoral voxels analyzed var-

ied from 1–10, resulting in a total of 64 voxels for the 18 patients,

distributed as follows: 1 voxel in 4 patients, 2 voxels in 4 patients,

3 voxels in 3 patients, 4 voxels in 3 patients, 5 voxels in 1 patient,

7 voxels in 1 patient, 9 voxels in 1 patient, and 10 voxels in 1

patient. All patients (n � 18) presented voxels with some degree of

enhancement. A total of 49 voxels with Gd enhancing tumors

were included in the analysis. Voxels with nonenhancing tumors

were present only in 10 of the 18 patients, resulting in a total of 15

analyzed tumor voxels with no detectable enhancement. In the

contralateral normal hemisphere, 32 voxels were analyzed as con-

trol voxels. Results of the Cho mean and maximum values are

presented in Tables 1 and 2. Other metabolites, such as N-ace-

tylaspartate or creatine, were not observed, as the concentration

was too small (under detection limits) for most of the tumor

voxels.

No statistically significant differences were found considering

the mean value for the Cho peak area per patient before and after

venous contrast injection in the enhancing and nonenhancing

tumoral voxels, and in the contralateral hemisphere (control), as

shown in Table 1. There was only a tendency (P � .054) for an

increase of Cho peak mean value after Gd injection in the nonen-

hancing tumoral voxels, with mean values of 472 � 139 and 515 �

160 before and after contrast, respectively.

FIG 1. Patient 1. Glioblastoma multiforme: T1 before and after IV contrast injection and FLAIR
before contrast.

FIG 2. Patient 1. Multivoxel 1H-MR spectroscopy covering the largest area of the tumor and the
spectra obtained before and after IV contrast injection in the medial margin of the tumor.
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No statistically significant differences were found considering

the mean value for the Cho peak width per patient before and after

venous contrast injection in the enhancing and nonenhancing

tumoral voxels, nor in the contralateral hemisphere, as shown in

Table 1. Only in the enhancing tumoral voxels could we observe a

tendency (P � .055) toward line broadening after Gd injection,

with mean values of 0.090 � 0.019 and 0.099 � 0.028 before and

after contrast, respectively.

Considering the maximum Cho peak value for each patient

(Table 2), a statistically significant decrease was noted for the

enhancing tumoral voxels: 599 � 170 before contrast and 527 �

201 after contrast, P � .020. On the contrary, the Cho maximum

value of nonenhancing tumoral voxels presented an increase in

Cho, with 489 � 159 and 533 � 175 before and after contrast,

respectively, though this increase did not reach statistical signifi-

cance (P � .077). No significant differences were found in the

contralateral hemisphere, with 430 � 112 and 402 � 100 before

and after contrast, respectively (P � 0.148).

The Cho peak width, when considering only those voxels of

maximum Cho peak area, did not change significantly with Gd

injection in any of the analyzed regions (Table 2).

DISCUSSION
MR spectroscopy has become a useful tool in the characterization

and evaluation of brain tumors. MR spectra of brain tumors usu-

ally show elevated Cho levels and decreased levels of N-acetylas-

partate, reflecting increased cellular membrane turnover and neuro-

nal cell dysfunction/death, respectively.1-6,8,13-15 Nelson 8 showed

that the relative increase in Cho and decrease in NAA is critical for

defining the spatial extent of the metabolic abnormality corre-

sponding to an active tumor. Nelson developed an index for clin-

ical applications, termed Cho-to-NAA index that, based on its

value, assigns a probability value of tumor presence. Fountas et

al16 showed that the higher the grade of the astrocytomas, the

higher the Cho peak and the lower the Cr peak. They were able to

differentiate between astrocytoma grades II, III and IV by using

the Cho/Cr ratio, and proposed considering this ratio as a malig-

nant index for the histologic grading of these tumors.

The use of the paramagnetic contrast before the acquisition of

the spectroscopy may aid voxel positioning in the most represen-

tative and solid portion of the tumor, but some experimental

studies have suggested that Gd-contrast could lead to loss of the

Cho signal, leading to errors in tumor evaluation.10,11 Therefore,

it is important to characterize the effect of the paramagnetic con-

trast on the metabolite values, particularly Cho.

Previous studies have shown that when using T2-weighted

spectroscopy (ie, using a long TE), the Cho peak area and line

shape are influenced by paramagnetic contrast agents.10,11 These

2 studies reported a mean decrease of Cho peak area of 12% and

15% when using chemical shift imaging point-resolved spectros-

copy (TR/TE: 1500/135 ms).

Although we used the same acquisition technique in our study,

we did not find statistically significant differences before and after

contrast in the Cho peak area in the tumor, nor in the contralat-

eral hemisphere, calculating mean values for the enhancing and

nonenhancing tumoral voxels and also in the contralateral

hemisphere.

The paramagnetic contrast can enhance both longitudinal and

transversal metabolite relaxation, leading to effective shorter T1

and T2 relaxation times. A T1 shortening would result in a me-

tabolite intensity gain, especially if the spectrum is acquired with a

short TR. On the other hand, a T2 shortening will result in a loss of

metabolite intensity, becoming more pronounced the longer the

TE of the acquisition. Based on an in vitro study, Murphy et al17

showed that, for the acquisition parameters TE/TR � 135/1500

ms, the actual contrast concentration in the voxel selected for the
1H-MR spectroscopy study will determine which of both effects

will dominate, that is, whether an increase or decrease of metab-

olite intensity will be observed. A smaller Gd concentration would

predominantly cause an increase in the T1 relaxation of the Cho,

leading to an increase in its signal. At higher concentrations of

contrast, transverse relaxation enhancement becomes more sig-

nificant and metabolite intensity begins to drop.17 Although the

changes in the mean Cho peak area found in our study were not

statistically significant, it is interesting to note that, individually,

we found a large variation before and after contrast administra-

tion, ranging from negative to positive values, probably depend-

ing on the contrast concentration in each voxel as described by

Murphy et al.17 After contrast administration we observed a mean

increase in the Cho peak area in the nonenhancing tumoral vox-

els, where an increase in the T1 relaxation predominates leading

to an increase in the Cho signal and a mean decrease in the Cho

peak area in the enhancing tumoral voxels, where T2 relaxation

becomes more pronounced leading to a decrease in the Cho sig-

nal.

Table 1: Mean values for the Cho peak distributed in the tumoral and contralateral normal areas and in the enhancing and
nonenhancing tumoral voxels

S N Cho Pre Cho Post P LW Pre LW Post P
Normal contralateral 18 32 408� 108 384� 104 0.154 0.079� 0.021 0.084� 0.026 0.106
Nonenhanced voxels 10 15 472� 139 515� 160 0.054 0.081� 0.017 0.095� 0.024 0.119
Enhanced voxels 18 49 500� 106 487� 108 0.510 0.090� 0.019 0.099� 0.028 0.055

Note:—LW indicates line width; N, total number of voxels analyzed; S, number of subjects analyzed; Pre, precontrast; Post, postcontrast.

Table 2: Mean values for the Cho peak maximum values distributed in the tumoral and contralateral normal areas and in the enhancing
and nonenhancing tumoral voxels

S N Cho Pre Cho Post P LW Pre LW Post P
Normal contralateral 18 32 430� 112 402� 100 0.148 0.081� 0.026 0.085� 0.034 0.154
Non enhanced voxels 10 15 489� 159 533� 175 0.077 0.084� 0.018 0.095� 0.028 0.172
Enhanced voxels 18 49 599� 170 527� 201 0.020* 0.092� 0.025 0.093� 0.027 0.688

Note:—LW indicates line width; N, total number of voxels analyzed; S, number of subjects analyzed; Pre, precontrast; Post, postcontrast; *, statistically significant.
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We found it interesting to pick the voxel of the highest Cho

concentration in each patient and to study the effect of the Gd in

this particular voxel, as some authors suggested that this voxel

could represent the highest metabolic activity area of the tumor

and could be used to classify the degree of the tumoral malig-

nance, and to target stereotatic biopsy and radiation therapy.8

When considering the mean values for the maximum Cho peak

area value in each patient, a statistically significant decrease was

noted in the Cho peak area mean value after contrast injection in

the enhancing tumoral voxels where the Gd concentration is

higher, and a tendency of increase in the nonenhancing tumoral

voxels Cho peak area mean value, though not statistically signifi-

cant (P � .077), where the Gd concentration is lower.

Other factors that could have contributed to this large varia-

tion include the heterogeneity of the GBM itself, the variability

inherent in the method, and the type of Gd-contrast agent used.

The large variation in voxel values involving the Cho peak area

before and after contrast injection observed in our study might

indicate that is advisable to consider several voxels within the

tumor, instead of choosing just one to calculate the values for Cho

when IV contrast injection is performed before data acquisition,

particularly when analyzing heterogeneous contrast-enhancing

tumors such as glioblastoma multiforme.

One factor that is important to consider when studying para-

magnetic contrast interaction with brain metabolites is cellular

compartmentalization. The cell membrane inhibits intracellular

metabolites from coming into contact with extracellular contrast

agents. Because of their charge and structure, they do not freely

pass through the intact cell membrane.9,18,19 This means that for

the contrast agents to interact directly with the metabolites, the

metabolites should be in the extracellular compartment. Sijens et

al10 consider that there is a pool of extracellular Cho that is in-

creased in brain tumors and interacts with the paramagnetic con-

trast, leading to a dipolar relaxation with loss of signal of this

metabolite. In the dipolar relaxation there is a dipole-dipole in-

teraction between the protons of the metabolite and the unpaired

electrons of the Gd, which is responsible for the T1 and T2 short-

ening of the metabolites. This would explain why the effect of Gd

is more appreciable on the Cho signal, and also present in the

extracellular space, than on other metabolites.

Theoretically, contrast agents could also affect the measured

MR signal indirectly by inducing T2* susceptibility derived relax-

ation of intracellular metabolite from the extracellular space.9 A

nonhomogeneous magnetic field within the volume of interest

leads to slight differences in the precession frequency of the hy-

drogen protons within the same molecule, increasing the metab-

olite line width, which could cause loss of the signal-to-noise ratio

and overlap of the metabolite peaks.18 Hence, paramagnetic con-

trast distribution could create magnetic field perturbation, lead-

ing to metabolite peak widening. We calculated the width of the

line fitted to the Cho peak before and after contrast administra-

tion across the tumoral area and the contralateral hemisphere,

considering the mean value per patient and also the width of the

Cho peak maximum value voxel in the enhancing and nonen-

hancing tumoral voxels, and in the contralateral hemisphere in

each patient. Although no statistically significant differences were

found, a tendency of increase in the Cho peak width mean value

was observed when considering the mean values for the Cho peak

width in the enhancing tumoral voxels. This suggests that Gd

injection really could cause a T2* susceptibility effect on the spec-

trum. This can be important if the Cho signal is estimated only by

the measurement of peak amplitudes, because T2* line broaden-

ing leads to lower peak heights.

A limitation of our study was that we could not control which

Gd complex was to be used. The properties of the contrast agent

itself are likely to influence the efficacy of paramagnetic relaxation

of metabolite protons. These differences may occur due to differ-

ent complex charges and/or different chelate structures, which

would prevent or facilitate the Gd coming closer to the metabolite

protons. The 3 more commonly used contrast agents, which were

also used in our study—GD-DTPA, GD-DOTA, and GD-DTPA-

BMA— have different charges and molecular structure. GD-

DTPA and GD-DTPA-BMA are structurally analogous, though

they possess different overall charges, �2 in GD-DTPA and 0 in

GD-DTPA-BMA. The complex GD-DOTA has an overall charge

of �1 but has a macrocyclic structure, which makes a direct in-

teraction much more difficult compared with the open structures

of DTPA and DTPA-BMA.17 In an in vitro study, Murphy et al17

found that these 3 Gd agents are all able to efficiently enhance the

relaxation of the Cho methyl protons, which have a positive over-

all charge, with GD-DTPA being more efficient in enhancing the

relaxation of Cho than the other 2 paramagnetic complexes, with

a clear relationship between relaxivity and the ionic charge of the

metabolite and of the contrast agent.

CONCLUSIONS
The injection of paramagnetic contrast before performing multi-

voxel MR spectroscopy might not significantly affect the esti-

mated Cho peak area in the diagnosis and evaluation of glioblas-

toma multiforme when considering several tumoral voxels

together. However, the effect of Gd on different voxels within a

tumor might vary a lot, probably depending on the amount of Gd

concentration found in each voxel. Gd seems to cause local mag-

netic field inhomogeneity, indicated by a tendency of widening of

the mean Cho peak width in the tumoral enhancing voxels after

contrast administration.
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