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Summary MR-spectroscopy (MRS) is a multiparameter diagnostic tool and modification of each
parameter results in spectrum morphology changes. In particular, changing the echo time (TE)
MRI;
MR-Spectroscopy;
Echo-time;
Pitfalls

represents a useful tool to highlight different diagnostic elements, but also has significant
impact on the spectrum morphology. Diagnostic errors can result if the role of TE is not properly
considered. This article reviews the four most common TE-related pitfalls of MRS interpretation.
Clinical practical methods to avoid such pitfalls are also suggested.
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Introduction

Magnetic resonance spectroscopy (MRS) is a non-invasive
technique that provides metabolic information on a tis-
sue of interest, and complements the anatomic information
obtained with magnetic resonance imaging. MRS has sub-

sequently acquired an important role in the diagnosis and
follow-up of intracranial pathologies. This added value is
particularly evident for the characterization of focal pathol-
ogy, especially brain tumors [1—11].
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With the advent of semi-automatic data acquisition, data
rocessing and quantitation, the utility of MRS in clinical
ractice has increased, and the threshold for non-experts to
se MRS clinically has been drastically lowered [12]. As such,
nterpretation of MRS data has become an increasingly nec-
ssary and useful task for radiologists in clinical practice.
evertheless, correct interpretation of spectra and avoid-
nce of pitfalls presently requires in-depth understanding of
he underlying MR physics and chemistry phenomena. Thus,

more simplified clinically relevant analysis of potential
itfalls is needed.
Different parameters may be varied to optimize MRS
ata acquisition. These parameters determine not only the
ppearance of the spectrum but also the information that
an be extracted from it. One of the most relevant MRS
arameters is the echo-time (TE). The TE used for clinical

cument.
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Figure 1 T2-weighted axial scan of a healthy subject’s brain
at the level of the lateral ventricles showing the voxel localizer
(A). Single voxel PRESS MR spectroscopy (MRS) performed at
three different echo times: 30 ms (B), 135 ms (C), and 270 ms
(D), showing the wide variation in spectrum shape. At short TE
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RS ranges between 18 and 288 ms. Within this range, spec-
ra are broadly divided into short and long TE, with short
E ranging between 18 and 45 ms and long TE between 120
nd 288 ms. Different TE values highlight different aspects
f the spectra, and arguments have been made for and
gainst every option. Pitfalls associated with short TE MRS
nclude an irregular fluctuating baseline due to underlying
esonances of cellular macromolecules and possible artifac-
ual elevation of N-acetyl aspartate (NAA) due to overlap
ith an elevated glutamine/glutamate (Glx) peak. Pitfalls
ssociated with a long TE MRS include non-detection of short
1/T2 metabolites such as lipids (Lip), Glx, and myoinositol
mI) with an overall lower signal to noise ratio of the spec-
ra and most importantly possible artifactual elevation of
he choline (Cho): creatine (Cr) ratio. As an example, one of
he most widely used applications of clinical MRS is the eval-
ation of intracranial tumors. The basic metabolic changes
ommon to brain neoplasms include elevation in Cho, lac-
ate (Lac), and Lip, as well as a decrease in NAA (and Cr
n necrotic tumors). As automated peak identification algo-
ithms in clinical spectroscopy becomes more sophisticated,
dditional metabolites identified with short TE MRS, such as
I and Glx, are also becoming important in increasing the

pecificity of MRS in brain tumor evaluation [13].
Detailed knowledge of all physical parameters and vari-

bles pertaining to all these metabolites is cumbersome for
he practicing clinical radiologist. In this perspective paper
e broadly identify four common pitfalls related to the
hoice of echo time, which the clinical radiologist evaluating
RS studies must be aware.

iscussion

n routine clinical MRS studies (TE range: 30—288 ms) adapt-
ng the TE parameter is a useful technique to obtain
ifferent diagnostic information, but at the same time this
ffects the morphology of the MRS spectra (Fig. 1) and
esults in potential pitfalls. These pitfalls have been broadly
ivided into four categories as summarized in Table 1.

itfall No. 1: metabolite quantization error due to
rregular or fluctuating baseline on short TE

pectra acquired at short TE are characterized by higher
ignal-to-noise ratio and by the visibility of more metabo-

ite resonances, but sometimes this is at the expense of
istorting the spectrum’s baseline. An ideal baseline is flat.
aseline distortion is represented by an irregular, wavy, or
uctuating appearance of the baseline, especially between
and 4 ppm. If successful baseline correction and fitting
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Table 1 Four common MRS pitfalls related to short and long TE t

Pitfall No. TE Descriptio

1 Short Metabolit
2 Short ‘‘artifact
3 Long non-dete
4 Long ‘‘artifact

TE: echo time.

s droits réservés. - Document téléchargé le 22/11/2016 Il est interdit et illégal de diffuser ce docu
B) there is evidence of a greater number of metabolite peaks,
hereas at longer TE (C & D) the short T2 metabolites are no

onger evident. Moreover, a trend toward increased Cho/Cr ratio
s visible at longer TEs.

s not achieved, the height and predicted area under the
urve (AUC) of a metabolite peak located at an elevated
r depressed portion of the baseline, can be erroneously
stimated leading to errors in both absolute and rela-
ive metabolite quantitation. These errors could potentially
ropagate to result in mis-diagnosis of the underlying pathol-
gy. For example, in the case where the elevated Cho/Cr
atio is considered a hallmark of neoplasm, a wavy base-
ine can lead to an underestimation of the concentration of
ne of the metabolites and an overestimation of the other
esulting in an erroneous Cho/Cr ratio. An area contain-
ng tumor might then be considered normal or conversely,
n otherwise normal metabolite ratio might be misrepre-
ented as pathologic. This artifact can be minimized by
dvanced post-processing with successful baseline correc-
ion and curve fitting. Not all automated MRS quantitation
ystems include such post-processing and those that do
an not be expected to achieve successful baseline correc-

ion every time. Therefore, it is essential that the clinical
adiologist not rely solely on the numerical metabolite mea-
urements and ratios offered by automated software, but
nterpret these in conjunction with visual analysis of the

ime.

n

e quantization error due to irregular or fluctuating baseline
ual’’ elevation of NAA due to overlap with elevated Glx peak
ction of metabolites with short T2 (i.e.: mI, Glx, Lip)
ual’’ increase in the relative measurements of the Cho peak

ment.
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Figure 2 Single voxel PRESS MR Spectroscopy (MRS) performed at short TE (35 ms) showing baseline fluctuation. In (A) the spectrum
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shows a wavy and fluctuating baseline (note the high MI peak, th
baseline correction and fitting, compared to the spectrum in (B
Not all commercial MRS post-processing software used in clinica

spectral baseline. When manual measurements of peak size
are performed, and the baseline is not perfectly fitted, the
height should be calculated starting from the interpolated
baseline level at the exact location of the peak (Fig. 2).

Pitfall No. 2: ‘‘artefactual’’ elevation of NAA due
to overlap with an elevated Glx peak on short TE

At short TE, glutamine, glutamate, and GABA show multiple
resonance peaks between 2.05 and 2.45 ppm partially
superimposed on the NAA peak [14]. The glutamine, gluta-
mate and GABA metabolites are not separable at 1.5 T. The
broad peak, encompassing these metabolites, is called the
Glx complex. In normal conditions the Glx/Cr peak height
ratio should not exceed 0.5, but increased concentrations
are seen in hepatic encephalopathy as well as pathologic

processes with anaerobic metabolism. Elevated Glx has
also been reported in demyelinating and inflammatory
diseases of the brain [15], in meningiomas [16] and in some
low-grade oligodendroglioma [17]. In normal conditions, a
small shoulder representing Glx is seen at the base of the
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Figure 3 In this patient with left cerebellar cryptococcal absce
artifactually elevating the NAA peak as confirmed at longer TE (B).
evident due to their short T2.

Tous droits réservés. - Document téléchargé le 22/11/2016 Il est interdit et illégal de diffuser ce do
htly elevated Cho peak and the reduced NAA peak), due to poor
wing no abnormalities and obtained after baseline correction.
ctice achieve an efficient curve fitting.

AA peak. Occasionally, the Glx peak can mask the base
f the NAA peak, causing an erroneous underestimation of
AA concentration. More frequently, however, an elevated
lx peak can artifactually elevate the measured NAA peak
ue to the overlap of the peak locations of these two
etabolites in the short TE spectra (Fig. 3). In the setting

f a tumor with inflammatory response or a tumefactive
emyelinating lesion, this elevation of the NAA peak could
esult in a normal Cho/NAA peak ratio and a false-negative
nterpretation. Since Glx has a very short T2, on long TE
RS it has marked signal decay and its resonance is not
isualized. In cases where a large Glx resonance is noted
n short TE MRS, we recommend verifying the height of the
AA peak on long TE MRS.

itfall No. 3: non-detection of metabolites with

hort T2 at long TE

he T2-weighting of the MRS sequence is directly propor-
ional to the TE chosen by the operator. Some metabolites
nd macromolecules have a very short T2 decay time, such

ss, the short TE MR spectrum (A) shows a large Glx shoulder
At longer TE (B) the Glx and lipid components are no longer

cument.
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igure 4 In this patient with biopsy proven low grade glioma
atio due to the longer Cho T2, when compared to the short TE s
n a misinterpretation for high grade glioma. Elevated mI on th

hat their resonance peak is only visible in the spectra
cquired at short TE and become non-detectable, due to
ignal decay, in the long TE MRS sequences. Some of these
etabolites, such as MI, Glx and Lip may help increase the
iagnostic specificity of MRS. MI, resonating at 3.56 ppm,
as been shown to be a marker of astrogliosis. In nor-
al conditions MI/Cr peak height ratio should not exceed

.5, but elevation of this ratio has been described in dif-
erent metabolic disorders including hypernatremia and
lzheimer’s disease as well as in lesions with significant
ssociated gliosis. Elevated MI is also a potential marker of
eoplasms, such as low-grade gliomas or gliomatosis cerebri,
ut not high-grade gliomas [18]. MI therefore is an important
dditional diagnostic metabolite useful to differentiate low-
rade versus high-grade neoplasm when the Cho/Cr ratio
s borderline (Fig. 4) or to differentiate low-grade glioma
ersus a non-neoplastic lesion in cases without elevated Cho.

The Lip peak is a large resonance between 0.9 and
.3 ppm, usually best seen at short TE, and not detectable
n normal brain tissue. Lip resonance correlates with
ecrosis in high-grade gliomas, in metastases and in some
nfectious lesions; in the latter case associated with
acromolecular amino acidic resonances. Lipids might be
hallmark of necrosis, even when macroscopic evidence of
ecrosis is lacking [19]. Since necrosis is one of the key radi-
logic diagnostic criterion and decisive prognostic factors
or glioblastoma multiform [20—22], reliable assessment of
ecrotic foci in neoplasms would be of value in determining
anagement and prognosis. Due to the short T2 of lipids,

hort TE MRS sequences are the most appropriate technique
o visualize their peaks. Lipid has primary resonances for
H2 and CH3 at 1.2 and 0.9 ppm. Secondary resonances are
lso seen at 2 ppm, which, due to their overlap with the
ppm NAA peak, may additionally artifactually increase the
AA signal. Also, since lipid is easily visualized at short TE

cquisitions, careful voxel placement is mandatory because
ny overlap between the voxel and adjacent subcuta-
eous fat or fatty calvarial bone marrow will contaminate
he spectra and erroneously show an abnormal lipid
eak.

s
T
p
a
f

s droits réservés. - Document téléchargé le 22/11/2016 Il est interdit et illégal de diffuser ce docu
long TE spectrum (B) shows significant elevation of the Cho:Cr
rum (A). Obtaining only a long TE spectrum might have resulted
rt TE spectrum suggests a low-grade neoplasm.

Glx resonance is visible only at short TE, and seems to
e a marker of inflammatory lesions [15]. Since inflamma-
ory processes such as tumefactive demyelinating lesions
an show confounding elevation of Cho peak (erroneously
uggesting a neoplastic lesion etiology) [23,24], a marker to
ifferentiate them from neoplasm is of great utility. With
cquisition of only long TE spectra, the Glx peak is not seen
nd thus cannot help to distinguish inflammatory from neo-
lastic processes unless the short TE spectra of a given voxel
re also acquired (Fig. 5).

itfall No. 4: ‘‘artifactual’’ increase in the relative
easurements of the Cho peak at long TE

s stated above, metabolites visible on brain MRS have dif-
erent T2 decay times, with relative differences ranging
etween 20 and 30% among the main metabolites Cho, Cr
nd NAA in normal brain tissue. When TE is long, metabolites
ave more time to dephase and lose signal, and those with
hort T2 do so more rapidly than metabolites with longer T2
alues. Cr peak, for clinical purposes, is considered to be rel-
tively stable in normal brain and in the presence of disease,
hus representing the internal reference for most relative
easurements in MRS. That notwithstanding, creatine’s T2
ecay is significantly shorter than choline’s T2. A normal
ho/Cr ratio seen on short TE MRS, where the T2-weighting is
inimal, can appear artifactually increased on long TE MRS
ecause the increased T2-weighting causes a disproportion-
te amount of signal loss for Cr compared to Cho. The Cho/Cr
atio is the parameter most commonly used to identify, char-
cterize, and grade neoplasms. An increased Cho/Cr ratio
n long TE MRS could be caused solely by this T2 effect
nd may lead to erroneous diagnosis of brain neoplasm or
o an overestimate of tumor grade unless an additional

hort TE spectra is simultaneously acquired (Figs. 1, 3—5).
his phenomenon is even more prevalent (and thus more
roblematic) when a very long TE (270—288 ms) spectra is
cquired compared to using a more ‘‘intermediate’’ value
or the long TE (135—144 ms) spectra (Fig. 1).

ment.
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Figure 5 Biopsy proven lymphocitic vasculitis, a rare inflam-
matory CNS disease, causing extensive edematous changes,
infiltrates and blood brain barrier disruption as seen on the axial
T2-weighted (A) and post-contrast T1-weighted (B) images. The
evidence of a large Glx shoulder resonating between 2.0 and
2.45 ppm in the short TE spectrum (C) orients towards the diag-
nosis of an inflammatory disease. On the long TE spectrum (D)

t
o
a
d
m
b
e
r
k

i
i
w
T
c
p
t
a
t
a
p
u
l
m
o
c
a

u
T
(
h
a
s
v
d
b
a
b
t
r
a
m
o
c

C

I
a
p
o
T
p
i
t
strongly suggest performing both a short TE sequence and
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the more greatly elevated Cho:Cr ratio, although compatible
with an inflammatory lesion, might also be misinterpreted as a
brain neoplasm.

It is relevant to note that if different metabolite T2
values alone determined changes in metabolite ratio at dif-
ferent TEs, the relationship between TE and a metabolites’
peak height should be linear. In practice, this relationship
is less predictable. A metabolite’s T2 value differs between
normal brain and brain with edema or tumor, most likely due
to complex biochemical interactions with the surrounding
environment [25—31]. A metabolite’s T2 value also differs
between individuals. Multiple studies evaluating T2 values
of major metabolites in brain MRS show different measure-
ments [25—29]. To avoid overestimating the Cho peak or
Cho/Cr ratio at long TE, one should be aware of the T2
effect and, when possible, acquire an additional short TE
spectrum. Alternatively, one could obtain a contralateral
spectrum as a control.

Additionally, the Cr peak is not stable in many disease
processes (such as ischemia, high-grade neoplasm, menin-
gioma, etc.) especially when tissue necrosis is present. Thus,
when interpreting long TE MRS studies, the ratio of Cho/NAA
might be a more reliable index to follow than that of Cho/Cr.
Also, the T2 values of NAA and Cho more closely match than
do the T2 values of Cho and Cr. With similar T2 values, the
effects of T2 decay on the NAA and Cho signal at long TE
will be similar, and therefore their ratio (Cho/NAA) will show
less TE dependence than will the ratio of Cho/Cr [4,32—36].
Using this Cho/NAA ratio can also increase the sensitivity to
detect subtle metabolite abnormalities since the simulta-

neous Cho increase from cellular proliferation and the NAA
decrease from loss of normal neuronal tissue results in a
magnified numerical value when calculated together as a
ratio. It should, however, again be noted that at short TE
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he Cho/NAA ratio may not be accurate due to the Glx effect
n NAA, and so the Cho/Cr ratio is still the more appropri-
te index to consider at short TE. Thus, metabolite ratio
epends not only on metabolite concentration but also on
etabolite T2 decay time. Although this phenomenon has
een described previously [4,18,21,26,32,37—39] and MRS
xperts may take it for granted, the implications for clinical
adiological diagnosis are not always obvious and lack of this
nowledge may result in misinterpretation of the spectra.

These discussed pitfalls are common to all MR spectra
rrespective of the magnetic field strength of the MR imag-
ng unit. There are; however, additional issues that arise
hen imaging at ultra-high magnetic field strength, such as 3

esla, that the operator should also be aware. For example,
are should be taken when assessing spectra for a lactate
eak at the ‘‘intermediate’’ long TE of 144 ms when using
he usual point resolved spectroscopy (PRESS) acquisition
t 3T. Due to anomalous j-modulation of the inverted lac-
ate doublet, which results in chemical shift displacement
rtifact and subsequent signal cancellation, the expected
eak amplitude is markedly diminished leading to potential
nderestimation of lactate concentration/presence. This
oss of signal is roughly equivalent to the square of the B0
agnetic field strength. In this case, using an echo time

f 288 ms for long TE spectra should provide better lactate
onspicuity since there is no peak inversion at this echo time
nd therefore almost no signal cancellation occurs [40].

In summary, the optimal TE for brain tumor MRS is still
nder discussion [5,32,41]. MRS can be conducted at short
E (18-45 ms) with minimal T2-weighting and at long TE
120—288 ms) with greater T2-weighting. Short TE spectra
ave the advantage of higher signal to noise ratio (SNR)
nd reveal more metabolites than the long TE spectra. At
hort TE; however, metabolite areas could be artificially ele-
ated due to metabolite signal overlap or incorrect baseline
etermination [27]. Long TE spectra are easier to analyse
ecause there is little metabolite signal overlap, a more
ccurate baseline, and less contamination from lipid signal
ut subsequently provide less overall metabolite informa-
ion. Additionally, because of the significantly shorter T2
elaxation time of Cr compared to that of Cho or NAA, the
nalysis of a long TE MRS without properly correcting for
etabolite T2 differences, can lead to an incorrect estimate

f both relative (metabolite/Cr) and absolute metabolite
oncentrations [27].

onclusions

n clinical practice the choice of appropriate sequences for
thorough MRS evaluation is influenced by scanning time,

atient tolerance and cost. There is no consensus on the
ptimal spectroscopy sequence or sequences to be utilized.
he common use of a single sequence (usually a long TE MRS)
oses significant risks of misdiagnosis. Since the metabolite
nformation contained in the short TE and long TE spec-
ra are actually complementary (and not superfluous), we
long TE sequence whenever possible, and certainly in the
oubtful cases. In some instances, comparison with contra-
ateral normal brain is also advisable. In brief, the short
E spectra offer more complete metabolic information of

cument.
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he tissue under study and present overall less confounding
ffects related to the T2-weighting while the long TE spectra
ave a flatter baseline and no peak overlap.

It is important to consider the underlying physical and
iochemical phenomena when interpreting MRS spectra of
he brain, based on different tissues, regions and acquisition
arameters. Multiple techniques and different parameters
an be chosen to obtain the most appropriate information.
he different appearances of the MRS spectra with different
E values cause potential pitfalls. While increasing imaging
ime, clinical diagnostic accuracy is improved by combining
nformation from both short and long TE MRS sequences.

onflict of interest statement

e declare that we have no conflict of interest.

eferences

[1] Tate AR, Griffiths JR, Martinez-Perez I, et al. Towards a method
for automated classification of 1H MRS spectra from brain
tumours. NMR Biomed 1998;11(4—5):177—91.

[2] Kugel H, Heindel W, Ernestus RI, Bunke J, du Mesnil R, Fried-
mann G. Human brain tumors: spectral patterns detected with
localized H-1 MR spectroscopy. Radiology 1992;183(3):701—9.

[3] Burtscher IM, Skagerberg G, Geijer B, Englund E, Stahlberg F,
Holtas S. Proton MR spectroscopy and preoperative diagnostic
accuracy: an evaluation of intracranial mass lesions character-
ized by stereotactic biopsy findings. AJNR Am J Neuroradiol
2000;21(1):84—93.

[4] Meyerand ME, Pipas JM, Mamourian A, Tosteson TD, Dunn
JF. Classification of biopsy-confirmed brain tumors using
single-voxel MR spectroscopy. AJNR Am J Neuroradiol
1999;20(1):117—23.

[5] Majos C, Alonso J, Aguilera C, et al. Proton magnetic resonance
spectroscopy ((1)H MRS) of human brain tumours: assessment
of differences between tumour types and its applicability in
brain tumour categorization. Eur Radiol 2003;13(3):582—91.

[6] Preul MC, Caramanos Z, Collins DL, et al. Accurate, non-
invasive diagnosis of human brain tumors by using proton
magnetic resonance spectroscopy. Nat Med 1996;2(3):323—5.

[7] Preul MC, Caramanos Z, Leblanc R, Villemure JG, Arnold DL.
Using pattern analysis of in vivo proton MRSI data to improve
the diagnosis and surgical management of patients with brain
tumors. NMR Biomed 1998;11(4—5):192—200.

[8] Adamson AJ, Rand SD, Prost RW, Kim TA, Schultz C, Haughton
VM. Focal brain lesions: effect of single-voxel proton MR
spectroscopic findings on treatment decisions. Radiology
1998;209(1):73—8.

[9] Shimizu H, Kumabe T, Tominaga T, et al. Noninvasive evaluation
of malignancy of brain tumors with proton MR spectroscopy.
AJNR Am J Neuroradiol 1996;17(4):737—47.

10] Law M, Cha S, Knopp EA, Johnson G, Arnett J, Litt AW. High-
grade gliomas and solitary metastases: differentiation by using
perfusion and proton spectroscopic MR imaging. Radiology
2002;222(3):715—21.

11] Majos C, Alonso J, Aguilera C, et al. Utility of proton MR spec-
troscopy in the diagnosis of radiologically atypical intracranial
meningiomas. Neuroradiology 2003;45(3):129—36.
12] Kreis R. Issues of spectral quality in clinical 1H-magnetic res-
onance spectroscopy and a gallery of artifacts. NMR Biomed
2004;17(6):361—81.

13] Law M. MR spectroscopy of brain tumors. Top Magn Reson Imag-
ing 2004;15(5):291—313.

[

s droits réservés. - Document téléchargé le 22/11/2016 Il est interdit et illégal de diffuser ce docu
A. Cianfoni et al.

14] Salibi N, Brown MA. Clinical applications. In: Salibi N, Brown
MA, editors. Clinical MR spectroscopy: first principles. New
York, NY: Wiley-Liss; 1998. p. 157—63.

15] Cianfoni A, Niku S, Imbesi SG. Metabolite findings in tume-
factive demyelinating lesions utilizing short echo time proton
magnetic resonance spectroscopy. AJNR Am J Neuroradiol
2007;28(2):272—7.

16] Cho YD, Choi GH, Lee SP, Kim JK. (1)H-MRS metabolic pat-
terns for distinguishing between meningiomas and other brain
tumors. Magn Reson Imaging 2003;21(6):663—72.

17] Rijpkema M, Schuuring J, van der Meulen Y, et al. Charac-
terization of oligodendrogliomas using short echo time 1H MR
spectroscopic imaging. NMR Biomed 2003;16(1):12—8.

18] Castillo M, Kwock L, Mukherji SK. Clinical applications of proton
MR spectroscopy. AJNR Am J Neuroradiol 1996;17(1):1—15.

19] Kuesel AC, Sutherland GR, Halliday W, Smith IC. 1H MRS of
high grade astrocytomas: mobile lipid accumulation in necrotic
tissue. NMR Biomed 1994;7(3):149—55.

20] Burger PC, Vogel FS, Green SB, Strike TA. Glioblastoma mul-
tiforme and anaplastic astrocytoma. Pathologic criteria and
prognostic implications. Cancer 1985;56(5):1106—11.

21] Danielsen ER, Ross B. In: Danielsen ER, Ross B, editors. Magnetic
resonance spectroscopy diagnosis of neurological diseases.
New York, NY: Marcel Dekker; 1999. p. 5—22.

22] Nelson JS, Tsukada Y, Schoenfeld D, Fulling K, Lamarche J,
Peress N. Necrosis as a prognostic criterion in malignant supra-
tentorial, astrocytic gliomas. Cancer 1983;52(3):550—4.

23] Law M, Meltzer DE, Cha S. Spectroscopic magnetic resonance
imaging of a tumefactive demyelinating lesion. Neuroradiology
2002;44(12):986—9.

24] Saindane AM, Cha S, Law M, Xue X, Knopp EA, Zagzag D. Proton
MR spectroscopy of tumefactive demyelinating lesions. AJNR
Am J Neuroradiol 2002;23(8):1378—86.

25] Kreis R, Ernst T, Ross BD. Absolute quantitation of water and
metabolites in the human brain. II. Metabolite concentrations.
J Magn Reson Ser B 1993;102(1):9—19.

26] Frahm J, Bruhn H, Gyngell ML, Merboldt KD, Hanicke W, Sauter
R. Localized proton NMR spectroscopy in different regions of
the human brain in vivo. Relaxation times and concentra-
tions of cerebral metabolites. Magn Reson Med 1989;11(1):
47—63.

27] Brief EE, Whittall KP, Li DK, MacKay AL. Proton T2 relaxation
of cerebral metabolites of normal human brain over large TE
range. NMR Biomed 2005;18(1):14—8.

28] Rutgers DR, van der Grond J. Relaxation times of choline, cre-
atine and N-acetyl aspartate in human cerebral white matter
at 1.5 T. NMR Biomed 2002;15(3):215—21.

29] Fan G, Wu Z, Pan S, Guo Q. Quantitative study of MR T1 and
T2 relaxation times and 1HMRS in gray matter of normal adult
brain Chin Med J (Engl) 2003;116(3):400—4.

30] Sijens PE, Oudkerk M. 1H chemical shift imaging charac-
terization of human brain tumor and edema. Eur Radiol
2002;12(8):2056—61.

31] Hagberg G, Burlina AP, Mader I, Roser W, Radue EW, Seelig J.
In vivo proton MR spectroscopy of human gliomas: definition
of metabolic coordinates for multi-dimensional classification.
Magn Reson Med 1995;34(2):242—52.

32] Kaminogo M, Ishimaru H, Morikawa M, et al. Diagnostic poten-
tial of short echo time MR spectroscopy of gliomas with
single-voxel and point-resolved spatially localised proton spec-
troscopy of brain. Neuroradiology 2001;43(5):353—63.

33] Castillo M, Smith JK, Kwock L. Correlation of myo-inositol levels
and grading of cerebral astrocytomas. AJNR Am J Neuroradiol

2000;21(9):1645—9.

34] Yang D, Korogi Y, Sugahara T, et al. Cerebral gliomas: prospec-
tive comparison of multivoxel 2D chemical-shift imaging proton
MR spectroscopy, echoplanar perfusion and diffusion-weighted
MRI. Neuroradiology 2002;44(8):656—66.

ment.



bral

[

[

[

© 2016 Elsevier Masson SAS. 
Clinical pitfalls related to short and long echo times in cere

[35] Poptani H, Kaartinen J, Gupta RK, Niemitz M, Hiltunen
Y, Kauppinen RA. Diagnostic assessment of brain tumours
and non-neoplastic brain disorders in vivo using pro-
ton nuclear magnetic resonance spectroscopy and artificial
neural networks. J Cancer Res Clin Oncol 1999;125(6):
343—9.

[36] Moller-Hartmann W, Herminghaus S, Krings T, et al. Clini-
cal application of proton magnetic resonance spectroscopy
in the diagnosis of intracranial mass lesions. Neuroradiology

2002;44(5):371—81.

[37] Barker PB, Soher BJ, Blackband SJ, Chatham JC, Mathews VP,
Bryan RN. Quantitation of proton NMR spectra of the human
brain using tissue water as an internal concentration reference.
NMR Biomed 1993;6(1):89—94.

[

Tous droits réservés. - Document téléchargé le 22/11/2016 Il est interdit et illégal de diffuser ce do
MR spectroscopy 75

38] Narayana PA, Johnston D, Flamig DP. In vivo proton magnetic
resonance spectroscopy studies of human brain. Magn Reson
Imaging 1991;9(3):303—8.

39] Sarchielli P, Presciutti O, Pelliccioli GP, et al. Absolute quan-
tification of brain metabolites by proton magnetic resonance
spectroscopy in normal-appearing white matter of multiple
sclerosis patients. Brain 1999;122(PT 3):513—21.

40] Lange T, Dydak U, Roberts TPL, Rowley HA, Bjeljac M, Boesiger
P. Pitfalls in lactate measurements at 3T. AJNR Am J Neurora-

diol 2006;27(4):895—901.

41] Majos C, Julia-Sape M, Alonso J, et al. Brain tumor classifi-
cation by proton MR spectroscopy: comparison of diagnostic
accuracy at short and long TE. AJNR Am J Neuroradiol
2004;25(10):1696—704.

cument.


	Clinical pitfalls related to short and long echo times in cerebral MR spectroscopy
	Introduction
	Discussion
	Pitfall No. 1: metabolite quantization error due to irregular or fluctuating baseline on short TE
	Pitfall No. 2: "artefactual" elevation of NAA due to overlap with an elevated Glx peak on short TE
	Pitfall No. 3: non-detection of metabolites with short T2 at long TE
	Pitfall No. 4: "artifactual" increase in the relative measurements of the Cho peak at long TE

	Conclusions
	Conflict of interest statement
	References


