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BACKGROUND AND PURPOSE: Proton MR spectroscopy (1H-MR spectroscopy) is a potentially useful
adjunct to anatomic MR imaging in the characterization of brain tumors. We performed an updated
systematic review of the evidence.

METHODS: We employed a standardized search strategy to find studies published during 2002–2004.
We reviewed studies measuring diagnostic accuracy and diagnostic, therapeutic, or health impact of
1H-MR spectroscopy. We abstracted information on study design, 1H-MR spectroscopy technique, and
methodologic quality. We categorized studies into 5 subgroups: (1) metastasis versus high-grade
tumor; (2) high-versus low-grade tumor; (3) recurrent tumor versus radiation necrosis; (4) tumor extent;
and (5) tumor versus non-neoplastic lesion.

RESULTS: We identified 26 studies evaluating diagnostic performance, diagnostic impact, or therapeutic
impact. No articles evaluated patient health or cost-effectiveness. Methodologic quality was mixed; most
used histopathology as the reference standard but did not specify blinded interpretation of histopathology.
One large study demonstrated a statistically significant increase in diagnostic accuracy for indeterminate
brain lesions from 55%, based on MR imaging, to 71% after analysis of 1H-MR spectroscopy. Several
studies have found that 1H-MR spectroscopy is highly accurate for distinguishing high- and low-grade
gliomas, though the incremental benefit of 1H-MR spectroscopy in this setting is less clear. Interpretation
for the other clinical subgroups is limited by the small number of studies.

CONCLUSION: The current evidence on the accuracy of 1H-MR spectroscopy in the characterization of
brain tumors is promising. However, additional high-quality studies are needed to convince policy
makers. We present guidelines to help focus future research in this area.

Conventional MR imaging provides highly detailed ana-
tomic information and has become a mainstay in the di-

agnosis of suspicious brain lesions.1 Several advances, most
notably the development of contrast-enhanced MR imaging,
have greatly improved the diagnostic accuracy of MR imaging.
Despite this progress, the accurate characterization of brain
lesions with MR imaging remains problematic in many cases.2

Proton MR spectroscopy (1H-MR spectroscopy) provides
additional information on the metabolic composition within
an area of tissue. By comparing the relative concentration of
these metabolites, clinicians can judge factors such as neuro-
nal viability, neurotoxins, and membrane turnover within the
volume of interest and, thereby, the likely underlying pathol-
ogy.3 The collection of 1H-MR spectroscopy data requires that
the MR imaging time is extended for 15 to 30 minutes while
additional acquisition sequences are performed. 1H-MR spec-
troscopy is an appealing, noninvasive adjunct to MR imaging.

In August 2002, the American College of Radiology re-

quested that the Center for Medicare and Medicaid Services
(CMS) reconsider the 1994 noncoverage decision for 1H-MR
spectroscopy. In September 2004, based in large part on 2
technology assessments,4,5 CMS reaffirmed the existing non-
coverage policy, concluding that “. . . the evidence is not ade-
quate to conclude that 1H-MR spectroscopy is reasonable and
necessary. . . for use in the diagnosis of brain tumors.” Several
subsidiaries of large managed care organizations have reached
similar noncoverage decisions, though this is far from univer-
sal. In the long run, noncoverage decisions are likely to dis-
courage the uptake and use of 1H-MR spectroscopy.

The first aim of this study is to provide an updated system-
atic review of the value of 1H-MR spectroscopy for character-
izing brain tumors. The second aim is to develop method-
ologic guidelines for measuring the efficacy of 1H-MR
spectroscopy to help focus future research in this area.

Methods

Defining Study Type and Clinical Subgroups
In this systematic review, we elected to include all studies that assessed

the diagnostic performance (eg, sensitivity, specificity) or the impact

of 1H-MR spectroscopy on subsequent diagnostic testing, treatment

choices, patient health, or cost effectiveness of care. It would be inap-

propriate to combine diagnostic accuracy results from diverse clinical

applications of 1H-MR spectroscopy. Therefore, we categorized pub-

lications according to the following 5 main clinical subgroups: 1)

metastasis versus high-grade astrocytoma; 2) high- versus low-grade

astrocytoma; 3) tumor extent before treatment; 4) neoplastic versus

non-neoplastic lesions; 5) recurrent or residual tumor versus treat-

ment-related change.
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Search Strategy
We searched Medline via the Pubmed interface, Embase via the Dia-

log interface, and the Cochrane Library data bases for relevant articles.

Because the primary focus of this project was to update previous tech-

nology assessments,4,5 we limited our search strategy to articles pub-

lished between January 1, 2002, and December 31, 2004. The search

strategy was tailored for each data base. The Medline search strategy is

presented in Appendix 1. We excluded all Embase titles already iden-

tified by the Medline search. Two authors (J.G.J. and W.H.) then

reviewed each Embase title to reach consensus on whether to pur-

chase the abstract. The Cochrane library data base was searched by

using the “Brain neoplasms” and “Magnetic Resonance Spectros-

copy” medical subject headings.

All selected abstracts were independently screened by 2 authors

based on the following 6 exclusion criteria: (1) does not use 1H-MR

spectroscopy; (2) not focused on brain tumors; (3) less than 10 pa-

tients with suspected tumors get 1H-MR spectroscopy; (4) uses
1H-MR spectroscopy to study the effect of therapy on normal brain

tissue; (5) includes only patients with HIV/AIDS; and (6) a review

paper reporting no new data. We obtained the full text of each article

when one or both reviewers were “unsure” or recommended “full text

review.” Two additional exclusion criteria were applied on reviewing

the full text: (1) duplicate publications and (2) articles not published

in English, French, Spanish, German, or Japanese. We hand-searched

citations of all eligible articles and sent e-mails to corresponding au-

thors to identify additional articles initially overlooked.

Diagnostic performance studies were distributed to 2 reviewers

(B.B., D.K.S., J.G.J., R.E.L., L.S.M., or W.H.) for independent review.

Non-English language articles were reviewed by one reviewer fluent

in that language—French (J.G.J.), Spanish (L.S.M.), German (K.F.L.),

and Japanese (Y.A.). Each reviewer abstracted study information on a

standardized Microsoft Excel spreadsheet. Reviewers recorded details

about the dates of patient recruitment, sample size, other imaging

tests used, reference standard, and the 1H-MR spectroscopy tech-

nique. In particular, we recorded the metabolites evaluated, spectral

analysis methods, single or multivoxel spectroscopy, imaging field

strength, repetition time, echo time, and pulse sequence. Any differ-

ences between the 2 reviewers were resolved by a third reviewer

through recourse to the original text.

Study Quality
We used the Quality Assessment of Diagnostic Accuracy Studies

(QUADAS)6 tool to measure methodologic quality. QUADAS con-

tains 14 items, including questions about the spectrum of patients, the

validity of the reference standard, and the potential existence of dis-

ease progression, verification, review, and incorporation biases.7 We

added 1 item to the standard QUADAS tool: “Was the reproducibility

(inter-radiologist or intertechnologist) of MR spectroscopy de-

scribed?” The reviewers coded each item as “yes,” “no,” or “unclear.”

In our analysis, we interpreted both “no” and “unclear” responses as

indicating that the quality criterion was not met.

Data Analysis
For each clinical subgroup, we tabulated estimates of sensitivity, spec-

ificity, percentage of correct diagnoses, and area under the receiver

operating characteristic (ROC) curve. If data on statistical uncertainty

were missing or incorrect, we calculated confidence intervals from the

raw data. We plotted sensitivity, specificity, and ROC curve results to

aid interstudy comparisons. ROC curves were calculated from the

published area under the curve estimates by using PlotROC software.8

This method assumes a bi-normal model for sensitivity and specificity

and produces an ROC curve that is an approximation, though not

identical, to the original data.

Results
The Medline search strategy identified 323 abstracts. After ex-
clusion of duplicate and irrelevant Embase titles, 37 Embase
abstracts were obtained for review. The search of the Cochrane
library data base revealed no additional abstracts. The hand
search of the citations and request to corresponding authors
revealed 6 additional abstracts. Therefore, a total of 366 ab-
stracts were reviewed. Reviewers agreed on the eligibility of the
abstract in 323 of 366 cases (88%) (Figure 1).

Fig 1. Studies identified by the systematic review.
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Of the 85 eligible articles, 47 were considered to be techni-
cal feasibility studies that provided no estimate of diagnostic
accuracy. Eight studies correlated 1H-MR spectroscopy find-
ings with survival to quantify the prognostic value. Four stud-
ies used 1H-MR spectroscopy to monitor the success of ther-
apy in changing the metabolic profile of brain tumors. These
studies were not reviewed further. Of the remainder, 229-30

examined the diagnostic performance of 1H-MR spectros-
copy, 2 examined diagnostic impact,31,32 and 2 measured the
impact on radiation therapy.33,34 No articles were found that
evaluated the changes in patient health or the cost-effective-
ness of health care due to 1H-MR spectroscopy.

Technical Details
1H-MR spectroscopy was most frequently evaluated for differ-
entiation of high- and low-grade astrocytomas (Table 1). Most
studies did not report the enrollment dates, making it difficult
to judge whether multiple publications from the same re-
searchers report on mutually exclusive patient cohorts. Biopsy
or surgical resection was the sole reference standard in most
studies. A substantial minority also used clinical and radio-
logic follow up to determine the final diagnosis. Several studies
used automated analysis of the complete spectrum of metab-
olites to diagnostically categorize the MR spectra. The remain-
ing studies focus on a handful of metabolites, most commonly
choline (Cho), creatine (Cr), N-acetylaspartate (NAA), lac-
tate, lipids, and myo-inositol. Most studies used single voxel
spectroscopy; only one study26 used 3T field strength MR.

Study Quality
On average, reviewers considered that 90% of studies used an
accurate reference standard (Table 2). The same proportion
also used a consistent reference standard in all patients,
thereby minimizing verification bias. Very few studies (12%)
were judged to have adequately addressed the issue of inter-
radiologist variation. Likewise, authors were generally poor at
reporting the median time delay between the index test,
1H-MR spectroscopy, and the reference standard. Other areas
of weakness included failure to explain the reason for patient
withdrawals; lack of clarity about the pre-1H-MR spectros-

copy diagnostic tests; and failure to state that the reference
standard results were interpreted independently from 1H-MR
spectroscopy.

Diagnostic Performance: MR Imaging & 1H-MR
Spectroscopy versus MR Imaging Alone
Moller-Hartmann et al19 reported on 176 consecutive pa-
tients. The final diagnosis in most patients was established by
histology within 10 days of single-voxel 1H-MR spectroscopy.
One pair of radiologists interpreted only the MR images; a
second pair examined the MR imaging and MR spectra based
on a qualitative interpretation of the metabolite peaks. All ra-
diologists were unaware of the final diagnosis. The type and
grade of lesion were correctly identified in 97 of 176 (55%)
cases based on MR imaging alone. The remaining diagnoses
were incorrect (15%) or indeterminate (30%). The addition of
1H-MR spectroscopy information statistically significantly in-
creased the proportion of correctly diagnosed cases to 71%
(124/176) (P � .01). There were no cases where a correct di-
agnosis on MR imaging was mistakenly discarded due to the
1H-MR spectroscopy findings.

A second, smaller, study by Ando et al22 compared contrast-
enhanced MR imaging (CE-MR imaging) to CE-MR imaging
and 1H-MR spectroscopy in 20 patients with suspected residual
or recurrent tumor after therapy. The method of final diagnosis
was inconsistent between patients, relying on either pathologic or
clinical findings. Fourteen patients had a final diagnosis of resid-
ual or recurrent tumor, and 6 had treatment-related changes. The
authors retrospectively selected a Cho/Cr ratio of greater than 1.5
to be indicative of tumor. Based on this threshold, the addition of
1H-MR spectroscopy information to CE-MR imaging findings
marginally increased sensitivity from 12 of 14 (86%) to 14 of 14
(100%) (P � .79) without altering specificity (4 of 6; 67%).

Metastasis versus High-Grade Astrocytoma
Two studies from the same research group evaluated the dif-
ferentiation of metastases from high-grade astrocytoma by us-
ing long24 and short9 echo time 1H-MR spectroscopy. The
extent of any overlap in the 2 patient cohorts is unclear (Fig.
2). Both studies retrospectively assembled a cohort of patients
from multiple hospitals. The MR hardware varied between
hospitals, but spectroscopy was performed using standardized
protocols. Both studies used automated spectral analysis for
diagnostic classification. At long and short echo times, the area
under the ROC curve (AUC) for differentiating glioblastomas
from metastases was relatively poor (AUC � 64% [0.10 SE]
and 59% [0.10 SE], respectively). This is statistically signifi-
cantly better than chance alone; however, it is not high enough
to suggest that 1H-MR spectroscopy can be relied upon to
differentiate metastases from glioblastomas.

Opstad et al,25 prospectively recruited 47 patients with
pathologically proved glioblastomas23 or metastases24; 7 pa-
tients were later excluded due to poor quality spectra. The
authors focused on the lipid peak-area ratio derived from
short echo time, single-voxel 1H-MR spectroscopy. They de-
fined this as the ratio of L1 (the combined alanine, lactate, �1.4
macromolecule, and �1.3 lipid peak) to L2 (the combined �0.9
lipid and �0.87 macromolecule peaks). Using this ratio, they
reported an AUC of 84% with both sensitivity and specificity
equal to 80% at a threshold value of 2.9. The authors specu-

Fig 2. Receiver operating characteristic (ROC) curves measuring the sensitivity and
specificity of 1H-MR spectroscopy for distinguishing metastases from high-grade astrocy-
tomas. The ROC curves are back-calculated from the area-under-the-curve figures provided
by the authors. They approximate, but are not perfect matches, for the ROC curves based
on the individual patient data.

1406 Hollingworth � AJNR 27 � Aug 2006 � www.ajnr.org



Ta
bl

e
1:

St
ud

y
de

sc
ri

pt
io

n

St
ud

y
Cl

in
ic

al
Su

bg
ro

up
St

ar
t/E

nd
Ye

ar
N

o.
of

Pa
tie

nt
s

Re
fe

re
nc

e
St

an
da

rd
(s

)
M

et
ab

ol
ite

s
Di

ag
no

st
ic

Ca
te

go
riz

at
io

n*
Vo

xe
ls

TR
(m

s)
TE

Pu
ls

e
Se

qu
en

ce
An

do
et

al
,2

00
422

Re
si

du
al

-re
cu

rre
nt

/
ne

cr
os

is
Un

cl
ea

r
20

Bi
op

sy
/r

es
ec

tio
n,

cl
in

ic
al

&
ra

di
ol

og
ic

fo
llo

w
-u

p

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
Qu

an
tit

at
iv

e
Si

ng
le

15
00

27
0

Un
cl

ea
r

As
tra

ka
s

et
al

,2
00

428
Tu

m
or

gr
ad

in
g

Un
cl

ea
r

66
Bi

op
sy

/r
es

ec
tio

n
Ch

o,
Cr

,N
AA

,L
ip

,L
ac

Qu
an

tit
at

iv
e

M
ul

tip
le

10
00

65
PR

ES
S

De
vo

s
et

al
,2

00
49

Tu
m

or
gr

ad
in

g,
pr

im
ar

y/
m

et
Un

cl
ea

r
20

5
Bi

op
sy

/r
es

ec
tio

n
Co

m
pl

et
e

sp
ec

tru
m

Au
to

m
at

ed
Si

ng
le

16
00

,2
00

0,
20

18
,2

02
0

20
,3

0,
31

,
32

ST
EA

M
an

d
PR

ES
S

Fo
un

ta
s

et
al

,2
00

410
Tu

m
or

gr
ad

in
g

20
00

/2
00

1
71

Bi
op

sy
/r

es
ec

tio
n

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
,m

In
s/

Gl
y

Qu
an

tit
at

iv
e

Si
ng

le
16

00
13

5
PR

ES
S

Ga
je

w
ic

z
et

al
,2

00
323

Tu
m

or
/t

um
or

lik
e;

tu
m

or
gr

ad
in

g,
pr

im
ar

y/
m

et

Un
cl

ea
r

29
Bi

op
sy

/r
es

ec
tio

n
Ch

o,
Cr

,N
AA

,L
ac

,L
ip

,m
In

s/
Gl

y,
Gl

x,
Al

a
Au

to
m

at
ed

Si
ng

le
20

00
20

,1
36

ST
EA

M
an

d
PR

ES
S

He
rm

in
gh

au
s

et
al

,2
00

311
Tu

m
or

gr
ad

in
g

Un
cl

ea
r

94
Bi

op
sy

/r
es

ec
tio

n
Ch

o,
Cr

,N
AA

,L
ac

,L
ip

Au
to

m
at

ed
Si

ng
le

15
00

13
5

PR
ES

S
Hu

an
g

et
al

,2
00

312
Tu

m
or

gr
ad

in
g

Un
cl

ea
r

41
�

11
(te

st
se

t)
Bi

op
sy

/r
es

ec
tio

n
Co

m
pl

et
e

sp
ec

tru
m

Au
to

m
at

ed
Si

ng
le

16
00

13
5

PR
ES

S

La
w

et
al

,2
00

313
Tu

m
or

gr
ad

in
g

19
99

/2
00

2
16

0
Bi

op
sy

/r
es

ec
tio

n
Ch

o,
Cr

,N
AA

,L
ac

,L
ip

Qu
an

tit
at

iv
e

M
ul

tip
le

15
00

14
4

PR
ES

S
Li

ch
y

et
al

,2
00

429
Re

si
du

al
-re

cu
rre

nt
/

ne
cr

os
is

Un
cl

ea
r

24
Cl

in
ic

al
an

d
ra

di
ol

og
ic

fo
llo

w
-u

p
Ch

o,
Cr

,N
AA

,L
ac

,L
ip

Qu
an

tit
at

iv
e

M
ul

tip
le

15
00

13
5

PR
ES

S

Lu
ka

s
et

al
,2

00
424

Tu
m

or
gr

ad
in

g
Un

cl
ea

r
18

3
Bi

op
sy

/r
es

ec
tio

n
Co

m
pl

et
e

sp
ec

tru
m

Au
to

m
at

ed
Si

ng
le

15
00

–2
02

0
13

5
or

13
6

PR
ES

S
M

aj
os

et
al

,2
00

214
Tu

m
or

gr
ad

in
g,

pr
im

ar
y/

m
et

Un
cl

ea
r

95
�

24
(te

st
se

t)
Bi

op
sy

/r
es

ec
tio

n
Ch

o,
Cr

,N
AA

,L
ac

,L
ip

,m
In

s/
Gl

y,
Gl

x,
Al

a
Qu

an
tit

at
iv

e
Si

ng
le

20
00

13
6

PR
ES

S

M
aj

os
et

al
,2

00
316

Tu
m

or
gr

ad
in

g,
pr

im
ar

y/
m

et
Un

cl
ea

r
10

8
�

25
(te

st
se

t)
Bi

op
sy

/r
es

ec
tio

n,
cl

in
ic

al
an

d
ra

di
ol

og
ic

fo
llo

w
-u

p

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
,m

In
s/

Gl
y,

Gl
x,

Al
a

Qu
an

tit
at

iv
e

Si
ng

le
20

00
13

6
PR

ES
S

M
aj

os
et

al
,2

00
315

Tu
m

or
gr

ad
in

g,
pr

im
ar

y/
m

et
Un

cl
ea

r
13

0
Bi

op
sy

/r
es

ec
tio

n,
cl

in
ic

al
an

d
ra

di
ol

og
ic

fo
llo

w
-u

p

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
,G

lx
,A

la
Qu

an
tit

at
iv

e
Si

ng
le

20
00

13
6

PR
ES

S

M
aj

os
et

al
,2

00
430

Tu
m

or
gr

ad
in

g
19

98
/2

00
3

15
1

Bi
op

sy
/r

es
ec

tio
n,

cl
in

ic
al

an
d

ra
di

ol
og

ic
fo

llo
w

-u
p

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
,G

lx
,A

la
,

m
In

s/
Gl

y
Au

to
m

at
ed

Si
ng

le
20

00
13

6
an

d
30

PR
ES

S

M
cK

ni
gh

t
et

al
,2

00
217

Tu
m

or
ex

te
nt

Un
cl

ea
r

44
(1

00
bi

op
si

es
)

Bi
op

sy
/r

es
ec

tio
n

Ch
o,

N
AA

Qu
an

tit
at

iv
e

M
ul

tip
le

10
00

14
4

PR
ES

S

M
is

hr
a

et
al

,2
00

418
Tu

m
or

/t
um

or
lik

e
Un

cl
ea

r
52

Bi
op

sy
/r

es
ec

tio
n

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
,m

In
s/

Gl
y,

Al
a,

Su
c,

Ac
e

Qu
al

ita
tiv

e
Si

ng
le

30
00

14
4

Un
cl

ea
r

M
ol

le
r-H

ar
tm

an
n

et
al

,2
00

219
Tu

m
or

/t
um

or
lik

e;
tu

m
or

gr
ad

in
g,

pr
im

ar
y/

m
et

Un
cl

ea
r

17
6

Bi
op

sy
/r

es
ec

tio
n,

cl
in

ic
al

an
d

ra
di

ol
og

ic
fo

llo
w

-u
p,

CS
F

an
d

la
bo

ra
to

ry
te

st
s

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
Qu

al
ita

tiv
e

Si
ng

le
15

00
13

5
PR

ES
S

N
af

e
et

al
,2

00
320

Tu
m

or
gr

ad
in

g
Un

cl
ea

r
46

Bi
op

sy
/r

es
ec

tio
n

Ch
o,

Cr
,N

AA
,L

ac
,L

ip
Au

to
m

at
ed

Si
ng

le
15

00
13

5
PR

ES
S

Op
st

ad
et

al
,2

00
425

Pr
im

ar
y/

m
et

Un
cl

ea
r

47
Bi

op
sy

/r
es

ec
tio

n
Ch

o,
Cr

,N
AA

,L
ac

,L
ip

,m
In

s/
Gl

y,
Gl

x,
Ot

he
rs

Qu
an

tit
at

iv
e

Si
ng

le
20

00
30

ST
EA

M
or

PR
ES

S
Pl

ot
ki

n
et

al
,2

00
426

Re
si

du
al

-re
cu

rre
nt

/
ne

cr
os

is
Un

cl
ea

r
25

Cl
in

ic
al

an
d

ra
di

ol
og

ic
fo

llo
w

-u
p

Ch
o,

Cr
,N

AA
Qu

an
tit

at
iv

e
Si

ng
le

60
00

30
PR

ES
S

Ta
te

et
al

,2
00

321
Tu

m
or

gr
ad

in
g,

pr
im

ar
y/

m
et

Un
cl

ea
r

14
4

Bi
op

sy
/r

es
ec

tio
n

Co
m

pl
et

e
sp

ec
tru

m
Au

to
m

at
ed

Si
ng

le
20

00
,1

60
0

30
or

20
ST

EA
M

or
PR

ES
S

Tr
ab

er
et

al
,2

00
227

Re
si

du
al

-re
cu

rre
nt

/
ne

cr
os

is
Un

cl
ea

r
54

Bi
op

sy
/r

es
ec

tio
n,

cl
in

ic
al

an
d

ra
di

ol
og

ic
fo

llo
w

-u
p

Ch
o,

Cr
,N

AA
,L

ac
Qu

an
tit

at
iv

e
M

ul
tip

le
20

00
27

2
Un

cl
ea

r

N
ot

e:
—

TR
in

di
ca

te
s

re
pe

tit
io

n
tim

e;
TE

,e
ch

o
tim

e;
Al

a,
al

an
in

e;
Ch

o,
ch

ol
in

e;
Cr

,c
re

at
in

e;
Gl

y,
gl

yc
in

e;
Gl

x,
gl

ut
am

at
e

an
d

gl
ut

am
in

e;
La

c,
la

ct
at

e;
Li

p,
lip

id
s;

m
In

s,
m

yo
-in

os
ito

l;
N

AA
,N

-a
ce

ty
la

sp
ar

ta
te

;S
uc

,s
uc

ci
na

te
;P

RE
SS

,p
oi

nt
-re

so
lv

ed
sp

ec
tro

sc
op

y
se

qu
en

ce
;

ST
EA

M
,s

tim
ul

at
ed

ec
ho

ac
qu

is
iti

on
m

od
e;

pr
im

ar
y/

m
et

,m
et

as
ta

si
s

ve
rs

us
hi

gh
gr

ad
e

tu
m

or
;A

ce
,a

ce
ta

te
.

*
Au

th
or

s
w

ho
m

ad
e

di
ag

no
st

ic
cl

as
si

fic
at

io
ns

ba
se

d
on

vi
su

al
izi

ng
th

e
sp

ec
tra

ar
e

ca
te

go
riz

ed
as

“q
ua

lit
at

iv
e”

;a
ut

ho
rs

w
ho

pr
es

en
ts

pe
ci

fic
ra

tio
s

or
th

re
sh

ol
d

va
lu

es
fo

rd
is

tin
gu

is
hi

ng
le

si
on

s
ar

e
ca

te
go

riz
ed

as
“q

ua
nt

ita
tiv

e”
;a

ut
ho

rs
w

ho
us

ed
st

at
is

tic
al

m
od

el
in

g,
su

ch
as

lin
ea

r
di

sc
rim

in
an

t
an

al
ys

is
,a

re
ca

te
go

riz
ed

as
“a

ut
om

at
ed

”.

AJNR Am J Neuroradiol 27:1404 –11 � Aug 2006 � www.ajnr.org 1407



lated that the difference in lipid profiles may be related to
differences of membrane structure of infiltrative versus migra-
tory tumor cells or to lipid metabolism.

High- versus Low-Grade Astrocytoma
Five studies examined the sensitivity and specificity of 1H-MR
spectroscopy for differentiating high- from low-grade tumors
(Fig 3). Two studies described in the previous section9,24 also
provide information on tumor grading. In both studies,
1H-MR spectroscopy was very accurate in differentiating
high- and low-grade tumors, achieving an AUC of 94% (0.05
SE) and 96% (0.03 SE) in the studies that used long and short
echo times, respectively.

Herminghaus et al11 also used automated spectral analysis
derived from a training set of 126 patients. This algorithm was
validated in an independent cohort of 90 patients with his-
topathologically graded tumors (30 grade I/II, 29 grade III, 31
grade IV). The sensitivity and specificity of 1H-MR spectros-
copy for differentiating high- and low-grade tumors in this
independent cohort was 95% (86%–98%; 95% confidence in-
terval [95% CI]) and 93% (95% CI, 79%–98%) respectively

(Fig 3). This diagnostic accuracy diminished in the differenti-
ation grade III and grade IV tumors, with 6 of 31 grade IV
tumors mistakenly assigned to grade III status.

Astrakas et al28 prospectively recruited 66 patients with his-
tologically confirmed brain tumors (grade I, 13; grade II, 30;
grade III, 7; grade IV, 16). Multivoxel 1H-MR spectroscopy
analysis focused on the voxel with the highest Cho. The best
diagnostic accuracy was achieved by an amalgam of Cho, Cr,
and lipids and/or lactate (L) (Cho/Cr �0.49 L/Cr). This linear
combination resulted in an AUC of 96% (0.02 SE). At a thresh-
old value of 1.8, the sensitivity and specificity of 1H-MR spec-
troscopy for diagnosing high-grade tumors were 96% (95%
CI, 78%–100%) and 88% (95% CI, 75%–96%), respectively.

In contrast to the preceding work, Law et al13 observed
much lower diagnostic performance in a retrospective cohort
of 160 patients with histopathologically confirmed lesions
(120 grade III/IV, 40 low-grade) evaluated with multivoxel
1H-MR spectroscopy, CE and perfusion MR imaging. A
blinded interpretation of the Cho/NAA ratio had a sensitivity
of 73% (95% CI, 64%– 80%) and specificity of 63% (95% CI,

Fig 4. Sensitivity and specificity of 1H-MR spectroscopy for differentiating recurrent or
residual tumor from treatment-related changes.

Table 2: Methodologic quality

Quality item %*
Is the reference standard likely to correctly classify the target condition? 90
Did the whole sample or a random selection of the sample receive verification using a reference standard? 90
Did patients receive the same reference standard regardless of the index test result? 80
Were selection criteria clearly described? 76
Was the spectrum of patients representative of the patients who will receive the test in practice? 73
Were the MRS results interpreted without knowledge of the results of the reference standard? 71
Was the execution of MRS described in sufficient detail to permit replication of the test? 68
Was the reference standard independent of the MRS (ie, MRS did not contribute to the reference standard)? 66
Was the execution of the reference standard described in sufficient detail to permit its replication? 63
Were uninterpretable/intermediate test results reported? 59
Were the same clinical data available when test results were interpreted as would be available when the test is used in practice? 49
Were withdrawals from the study explained? 49
Were the reference test results interpreted without knowledge of the results of MRS? 41
Is the time period between MRS and the reference standard short enough to be reasonably sure that the target condition did not change between

the 2 tests?
34

Was the reproducibility of (inter-radiologist or inter-technologist) MRS described? 12

Note:—MRS indicates magnetic resonance spectroscopy.
* Each of the quality items were assessed by 2 reviewers for English language articles and by one reviewer for the foreign language articles. Percentages represent the proportion of these
assessments which judged the article to have met the quality criterion.

Fig 3. Receiver operating characteristic (ROC) curves and point estimates of sensitivity and
specificity of 1H-MR spectroscopy for distinguishing high- and low-grade astrocytomas. The
ROC curves are back-calculated from the area-under-the-curve figures provided by the
authors. They approximate, but are not perfect matches, for the ROC curves based on the
individual patient data.
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47%–76%) at a threshold value of 1.66; this was less accurate
than MR perfusion and no better than CE-MR imaging.

Eight other studies have examined tumor grading but did not
report sensitivity, specificity, or AUC estimates.10,12,14-16,20,21,30

These studies indicated that 1H-MR spectroscopy resulted
in accurate diagnoses in 78% to 96% of cases, though these
accuracy figures will be dependent upon case mix.

Recurrent/Residual Tumor versus Treatment-Related Change
We identified 4 small studies examining the diagnostic perfor-
mance of 1H-MR spectroscopy in distinguishing recurrent tu-
mor from treatment-related changes (Fig 4). Traber et al27

presented data on 43 patients, with high-grade astrocytomas
sequentially tracked with multiple-voxel 1H-MR spectroscopy
until completion of radiation therapy. An increased Cho peak
(50% higher than contralateral tissue) was 72% (95% CI,
53%– 86%) sensitive and 82% (95% CI, 48%–98%) specific in
distinguishing tumor from radiation-induced necrosis. Ando
et al,22 in a study described in more detail previously, exam-
ined 20 patients with CE-MR imaging and 1H-MR spectros-
copy. Based on a choline-to-creatine ratio diagnostic thresh-
old of 1.5, 1H-MR spectroscopy had a sensitivity of 64% (95%
CI, 35%– 87%) and a specificity of 83% (95% CI, 36%–100%).

Lichy et al29 used multivoxel spectroscopy in 24 patients with
irradiated gliomas and a suspicious lesion on gadolinium-en-
hanced MR imaging. The final diagnosis was determined by clin-
ical and imaging follow-up. Using the Cho/Cr ratio with a diag-
nostic threshold of 2, the authors identified 13 of 15 (87% [95%
CI, 60%–98%] sensitivity) recurrent or residual tumors and 8 of
9 (89% [95% CI, 52%–100%] specificity) radiation-related
changes. Plotkin et al26 investigated the value of single-voxel
1H-MR spectroscopy at 3T in a prospective study of 25 patients
with suspected recurrent glioma based on MR imaging after
treatment with surgery, interstitial radiation therapy, external ra-
diation therapy, or chemotherapy. The final diagnoses were based
on a minimum of 6 months’ clinical follow-up and repeat MR
imaging examinations. A combined diagnostic threshold of Cho/
NAA (�1.17) and Cho/Cr (�1.11), resulted in 89% sensitivity
and 83% specificity for identifying tumor. However, the authors
also observed that sensitivity (95%) and specificity (100%) were
higher still with single-photon emission CT.

Tumor Extent before Treatment
McKnight et al17 prospectively recruited 44 patients with sus-
pected glioma before image-guided resection or stereotactic
biopsy of the tumor. Data from the preoperative multivoxel
1H-MR spectroscopy study was used to select 4 potential tar-
gets for biopsy in each patient. In practice, the authors were
unable to obtain biopsy samples at each target, and their anal-
ysis was based on 100 samples, of which only 7 were classified
as nontumor. The authors based diagnosis on the Cho-NAA
index (CNI), where CNI is the number of standard deviations
between the Cho to NAA ratio within a given voxel and that of
the control voxels. At a threshold CNI of greater than 2.5, the
authors reported 90% (95% CI, 84%–96%) sensitivity and
86% (95% CI, 56%–100%) specificity for predicting the pres-
ence of tumor in the biopsy sample. The overall AUC for CNI
was 94% (95% CI, 87%–99%). Up to half of the T2-hyperin-
tense lesion outside of the gadolinium-enhanced lesion con-
tained CNI greater than 2.5. This suggests that 1H-MR spec-

troscopy might have a considerable therapeutic impact on
surgical and radiation target volumes.

Tumor versus Non-Neoplastic Lesions
Two studies measured the diagnostic performance of 1H-MR
spectroscopy for distinguishing tumor from non-neoplastic
lesions.18,23 However, the study Gajewicz et al23 included only
2 non-neoplastic lesions and was of limited value. Mishra et
al18 differentiated 52 histopathologically proved tumor cysts,
abscesses, or benign cysts by using single voxel 1H-MR spec-
troscopy and diffusion-weighted MR imaging. The authors
reported the sensitivity and specificity of 1H-MR spectroscopy
to be 96% (95% CI, 83%–99%) and 100% (95% CI, 86%–
100%) respectively. This compares favorably with diffusion-
weighted imaging where specificity remained high (100%),
but sensitivity was diminished (72%).

Diagnostic Impact
Murphy et al performed 1H-MR spectroscopy in 100 con-
secutive patients with suspected brain tumors.31 The au-
thors highlighted 2 cases incorrectly classified as glioblas-
toma based on conventional imaging that were correctly
down-graded to grade 2/3 astrocytomas based on 1H-MR
spectroscopy. In a further 4 cases, the differential diagnoses
of arachnoid cyst, infection, stroke, or meningiomas were
correctly excluded on the basis of 1H-MR spectroscopy. The
authors concluded that in 6 of 100 (6%) cases, 1H-MR spec-
troscopy could have made a significant contribution to the
preoperative diagnosis. It was unclear whether 1H-MR
spectroscopy provided confirmatory or contradictory in-
formation in the remaining patients.

The study by Hall et al32 looked at the impact of 1H-MR
spectroscopy on the diagnostic yield of biopsy. 1H-MR spec-
troscopy was used in 42 patients and all 42 biopsies yielded
diagnostic tissue; however, the lack of a control group who did
not get 1H-MR spectroscopy-guided biopsy limits the value of
these results. No firm conclusions can be drawn about the
incremental benefit of 1H-MR spectroscopy in guiding biopsy.

Therapeutic Impact
Pirzkall et al34 recruited 20 patients with grade II gliomas who
underwent both MR imaging and 3D multivoxel 1H-MR spec-
troscopy before surgery. The target volume based on MR im-
aging was compared with a 1H-MR spectroscopy target vol-
ume based on areas of the tumor with a Cho/NAA index
greater than 2 (CNI2). Due to technical limitations, spectra
were only available for an average of 68% of the tumor vol-
ume. In the tumor regions that were assessed by both MR
imaging and 1H-MR spectroscopy, 96% of the 1H-MR spec-
troscopy-defined tumor volume was contained within the MR
imaging-defined volume. Despite this, in 45% of patients,
some portion of the 1H-MR spectroscopy-defined tumor mar-
gin extended beyond the MR imaging-defined volume. The
authors suggested that MR spectra can be used in conjunction
with MR images to fine tune the clinical target volume.

The same researchers published a study of multivoxel
1H-MR spectroscopy on 30 high-grade gliomas after surgery
but before adjuvant radiation therapy.33 MR imaging target
volumes were compared with the 1H-MR spectroscopy-de-
rived CNI2 volume. By adding the area of metabolic tumor cell
infiltration, defined by the CNI2 to the MR imaging target
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volume, the authors found a 14% increase in the clinical target
volume for radiation therapy. Of 10 patients who had had osten-
sibly total tumor resection, all had areas of residual elevated CNI
and 8 had a new onset of contrast enhancement during follow-
up. In 4 of these 8 cases, the area of contrast enhancement was
located within the area of elevated CNI2. There was also a direct
relationship between a large volume of residual CNI2 and a
shorter time to occurrence of new contrast enhancement, though
this was of borderline statistical significance.

Discussion
We conducted a systematic review of studies of 1H-MR spec-
troscopy for the characterization of brain tumors published
between 2002 and 2004. Many relevant studies on 1H-MR
spectroscopy were published before 2002,17,19,35-45 but we
elected to focus our review on research published since the
technology assessments that formed the basis of the CMS non-
coverage decision. Our search was restricted to publications in
peer-reviewed medical journals because we believe that this
evidence carries the most weight. We may have missed some
relevant data that appeared in books, reports, or conference
proceedings. As with all literature reviews, our results might be
subject to publication bias, whereby positive findings on
1H-MR spectroscopy get submitted and published while neg-
ative findings do not. Tests for publication bias are available,46

but with the small sample of articles in each clinical subgroup,
such tests would have limited statistical power.

Despite the steady accumulation of evidence, many policy
makers remain unconvinced about the value of 1H-MR spec-
troscopy. The following list provides guidance that we believe
would make future research more valuable for policy makers.

● Diagnostic performance studies should include a blinded
assessment of the sensitivity and specificity of MR imaging
and, if relevant, contrast enhanced MR imaging as a bench-
mark against which to compare 1H-MR spectroscopy. Pol-
icy makers are being asked to pay for 1H-MR spectroscopy
on top of standard MR imaging sequences; therefore, it is
reasonable for them to expect evidence to demonstrate in-
cremental benefit of 1H-MR spectroscopy. Likewise, radiol-
ogists should be interested in evaluating whether the extra
scanner and interpretation time is justified by improved di-
agnoses and patient care.

● Diagnostic performance studies should evaluate the accu-
racy of 1H-MR spectroscopy in combination with MR imag-
ing. In the near future, it is unlikely that radiologists will
make a diagnosis based solely on an automated decision
rule. Where MR imaging findings are highly suggestive and
1H-MR spectroscopy is equivocal, radiologists will naturally
place more weight on the former. Diagnostic performance
studies looking at 1H-MR spectroscopy in isolation are of
scientific value, but of less clinical significance. In our re-
view, the study by Moller-Hartmann et al19 provides the
best role model for diagnostic performance studies.

● Standardized diagnostic thresholds would aid the interpreta-
tion of the literature. Many authors selected post hoc thresh-
olds that maximized accuracy. It is likely that these thresholds
will not perform as well in independent patient cohorts.

● For statistically precise conclusions, studies of 1H-MR spec-
troscopy should have large sample sizes.47 For example, if
1H-MR spectroscopy changes the diagnosis in approximately

10% of patients, a sample size of about 160 would be needed to
estimate this proportion to within �5%. In our review, few
studies recruited sufficiently large patient cohorts. In some
clinical subgroups, there were no large studies.

● Researchers, reviewers, and editors should ensure that pub-
lished studies adhere to the STARD guidelines.48 These
guidelines are recent; therefore, it is understandable that
many articles fell short of their high standards. It is unclear
whether the apparent poor quality was due to poor research
methods or simply ambiguous descriptions of methods.

● Diagnostic impact studies are a very important element of
the case for 1H-MR spectroscopy. Even if 1H-MR spectroscopy
does not change the leading diagnosis, it may rule out
differential diagnoses and thereby reduce the need for
biopsy. Diagnostic impact studies measuring radiologist
confidence in the leading differential diagnoses and the
perceived need for biopsy before and after 1H-MR spec-
troscopy are warranted.

● Important therapeutic impact studies have been done and
have suggested that 3D 1H-MR spectroscopy imaging can
significantly alter radiation therapy target volumes. The
next step should be a randomized controlled study to assess
whether 1H-MR spectroscopy actually does influence man-
agement decisions and patient outcomes.

● There has been little discussion of the cost effectiveness of
1H-MR spectroscopy. This is a relevant factor for policy
makers. This metric can be calculated in many ways, includ-
ing cost per additional case correctly diagnosed, cost per
biopsy avoided, cost per year of survival, and cost per quality
adjusted life year.

Conclusions
Of the 22 studies that measured diagnostic performance, the
largest head-to-head comparison of MR imaging alone versus
MR imaging and 1H-MR spectroscopy provided encouraging
findings that 1H-MR spectroscopy can make a significant con-
tribution to diagnosis for patients with indeterminate brain
lesions.19 The conduct of additional, well-designed, prospec-
tive studies aiming to replicate this head-to-head comparison
will provide the more definitive evidence that policy makers
seek before making coverage decisions.

A number of large diagnostic performance studies have dem-
onstrated that 1H-MR spectroscopy can accurately distinguish
between high- and low-grade astrocytomas. This work now needs
to be extended to demonstrate: (1) diagnostic thresholds selected
a priori, rather than post hoc, can achieve similar diagnostic ac-
curacy, (2) the incremental diagnostic yield of 1H-MR spectros-
copy compared with anatomic MR imaging, and (3) that any
improvement in tumor grading by 1H-MR spectroscopy leads to
a reduction in biopsy rates or changes in therapy. Evidence in
other clinical subgroups, such as the use of 1H-MR spectroscopy
to distinguish neoplastic and non-neoplastic lesions or to differ-
entiate recurrent tumors from radiation necrosis, is limited by the
small number of studies.

Appendix 1

Medline Search Strategy
MEDLINE � Searched on 22nd February 2005�

Search Terms Results
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1. Magnetic Resonance Spectroscopy [MH] OR “Magnetic
Resonance Spectroscopy” [TW] OR “MR spectrosco-
py”[TW]: 112,283

2. Human [MH] AND (2002 [DP] OR 2003 [DP] OR 2004
[DP]) NOT Case reports[PT]: 1,009,999

3. Neoplasms [MH] OR tumor [TW] OR cancer* [TW]
OR neoplasm* [TW] OR neoplas*[TW] OR lesion* [TW] OR
mass [TW]: 2,480,174

4. Brain [TW] OR cranial [TW] OR cerebr* [TW]: 913,827
5. Brain neoplasms [MH]: 77,290
6. #1 AND #2 AND (#5 OR (#3 AND #4)): 323
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