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Abstract

Objective Magnetic resonance spectroscopy (MRS) is a pow-
erful tool for preoperative grading of gliomas. We performed a
meta-analysis to evaluate the diagnostic performance of MRS
in differentiating high-grade gliomas (HGGs) from low-grade
gliomas (LGGs).

Methods PubMed and Embase databases were systemat-
ically searched for relevant studies of glioma grading
assessed by MRS through 27 March 2015. Based on
the data from eligible studies, pooled sensitivity, speci-
ficity, diagnostic odds ratio and areas under summary
receiver operating characteristic curve (SROC) of differ-
ent metabolite ratios were obtained.

Results Thirty articles comprising a total sample size of 1228
patients were included in our meta-analysis. Quantitative syn-
thesis of studies showed that the pooled sensitivity/specificity
of Cho/Cr, Cho/NAA and NAA/Cr ratios was 0.75/0.60, 0.80/
0.76 and 0.71/0.70, respectively. The area under the curve
(AUC) of the SROC was 0.83, 0.87 and 0.78, respectively.
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Conclusions MRS demonstrated moderate diagnostic perfor-

mance in distinguishing HGGs from LGGs using tumoural

metabolite ratios including Cho/Cr, Cho/NAA and NAA/Cr.

Although there was no significant difference in AUC between

Cho/Cr and Cho/NAA groups, Cho/NAA ratio showed higher

sensitivity and specificity than Cho/Cr ratio and NAA/Cr ra-

tio. We suggest that MRS should combine other advanced

imaging techniques to improve diagnostic accuracy in differ-

entiating HGGs from LGGs.

Key points

* MRS has moderate diagnostic performance in distinguishing
HGGs from LGGs.

* There is no significant difference in AUC between Cho/Cr
and Cho/NAA ratios.

» Cho/NAA ratio is superior to NAA/Cr ratio.

» Cho/NAA ratio shows higher sensitivity and specificity than
Cho/Cr and NAA/Cr ratios.

* MRS should combine other advanced imaging techniques to
improve diagnostic accuracy.

Weilie Zhu
zhuweijie66@163.com

FangYe Li
leefangye@126.com

Department of Neurosurgery, Chinese PLA General Hospital, 28
Fuxing Road, Haidian District, Beijing 100853, China

Department of Neurosurgery, Air Force General Hospital of the
Chinese PLA, 30 Fucheng Road, Haidian District, Beijing 100142,
China

Department of Neurosurgery, General Hospital, Ji’nan Military Area
Command, Ji’nan 250032, China


http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-015-4046-z&domain=pdf

Eur Radiol (2016) 26:2670-2684

2671

Keywords Magnetic resonance spectroscopy - Glioma -
Differentiation - Systematic review - Meta-analysis

Abbreviations

AUC Area under the curve

Cho Choline

CI Confidence intervals

Cr Creatine

DOR Diagnostic odds ratio

DTI Diftusion tensor imaging

DWI Diffusion-weighted imaging

FN False negative

FP False positive

HGGs High-grade gliomas

I? Inconsistency index

Lac Lactate

LGGs Low-grade gliomas

LL Lipids and lactate

LR+ Positive likelihood ratio

LR- Negative likelihood ratio

LTE Long echo time

MI Myo-inositol

MRI Magnetic resonance imaging

MRS Magnetic resonance spectroscopy

MVS Multi-voxel spectroscopy

NAA N-acetyl-aspartate

nCho Normalized choline

nCr Normalized creatine

Pcr Phosphocreatine

PET Positron-emission tomography

QUADAS-2  Quality Assessment Tool for Diagnostic
Accuracy Studies version 2

SEN Sensitivity

SPE Specificity

SPECT Single photon mission computed
tomography

SROC Summary receiver-operating
characteristic curve

STE Short echo time

SVS Single-voxel spectroscopy

N True negative

TP True positive

Introduction

Gliomas are the most common primary neoplasm of the cen-
tral nervous system, and the prognosis for this disease remains
very poor [1]. In determining a treatment plan, tumour grade is
a key consideration for minimizing the risk of unnecessary
morbidity and mortality [2].

Given the limitations of conventional MRI in
distinguishing low-grade gliomas (LGGs) from high-grade
gliomas (HGGs) (accuracy between 55 % and 83 %), ad-
vanced multiparametric magnetic resonance (MR) techniques
have been explored, including diffusion-weighted imaging
(DWI), diffusion tensor imaging (DTT), proton MR spectros-
copy (MRS) and perfusion imaging [3]. Because of its safety
and non-invasive nature, MRS is of great advantage in pa-
tients with brain gliomas [4, 5]. MRS provides information
about metabolic tissue composition, and advanced spectro-
scopic methods have been used to quantify markers of tumour
metabolism (e.g. glucose), membrane turnover and prolifera-
tion (e.g. choline [Cho]), energy homoeostasis (e.g. creatine
[Cr]), intact glioneuronal structures (e.g. N-acetyl-aspartate
[NAA]) and necrosis (e.g. lactate [Lac] or lipids) [6]. Results
are usually expressed as ratios between cerebral metabolites
rather than absolute concentrations [7].

Numerous studies have evaluated the diagnostic accuracy
of 'H-MR spectroscopy for distinguishing high- and low-
grade gliomas. A systematic literature review [8] was per-
formed approximately 10 years ago in order to provide evi-
dence, but the interpretation was limited by the small number
of studies and small sample sizes. In the current work, we
performed a meta-analysis to measure the diagnostic perfor-
mance of MRS in differentiating high- from low-grade
gliomas.

Materials and methods
Search strategy

The PubMed and Embase databases were systematically
searched to find relevant published articles (through 27
March 2015). We used the following keywords: (“magnetic
resonance spectroscopy” or “MR spectroscopy” or “MRS”)
AND (glioma). Additionally, the reference lists of all retrieved
articles were checked for other eligible reports that were not
identified in the initial search.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) MRS was used to
differentiate HGGs from LGGs in patients with no clinical
history of previous surgery, chemotherapy or radiotherapy;
(2) the diagnostic criteria of glioma grading were clearly stat-
ed, and the number of LGGs and HGGs could be obtained; (3)
at least one individual metabolite ratio was used to evaluate
the grading of glioma; (4) values of true positive (TP), false
positive (FP), false negative (FN), true negative (TN), sensi-
tivity (SEN), specificity (SPE), positive likelihood ratio (LR+)
and negative likelihood ratio (LR—) could be accurately cal-
culated from the data reported; (5) at least seven patients were

@ Springer



2672

Eur Radiol (2016) 26:2670-2684

included; (6) pathology and/or clinical follow-up were used as
the reference standard; (7) no data were overlapping; and (8)
only English language full-text publications were included.
The following were excluded: animal studies, abstracts, re-
views, case report, letters, editorials, comments and confer-
ence proceedings.

Two authors (Q. Wang and H. Zhang) independently eval-
uated potentially relevant articles using the inclusion and ex-
clusion criteria. If no agreement could be reached between
these two authors, inconsistencies were discussed and re-
solved by a third author (B.N. Xu).

Data extraction and quality assessment

The screened articles were assessed independently by the
same two authors (J.S. Zhang and X.L. Chen). For each in-
cluded study, basal characteristics (authors, year of publica-
tion and country of origin), patient characteristics (number,
mean age, sex, and grade of glioma) and technical aspects
(imaging field strength, techniques of spectrum acquisition,
device parameters, metabolite ratios, cut-off value, metabolite
ratio mean value in different grades of glioma and reference
standard) were noted. HGGs (grade III-1V gliomas) were con-
sidered positive; LGGs (grade I-II gliomas) were considered
negative. The number of TP, FP, FN and TN results were
calculated and recorded. The methodological quality of the
studies was assessed using the Quality Assessment Tool for
Diagnostic Accuracy Studies version 2 (QUADAS-2) [9].
Disagreements were resolved by consensus.

Statistical analysis

Standard methods recommended for meta-analysis diagnostic
accuracy were used [10, 11]. First, heterogeneity was evaluat-
ed between studies in which this may have been caused by a
threshold effect. A Spearman correlation coefficient was com-
puted between the logit of SEN and the logit of (1—SPE) to
assess the threshold effect, and the extent of heterogeneity was
then assessed using the chi-square value test and the inconsis-
tency index (I%) of the diagnostic odds ratio (DOR). The ex-
istence of significant heterogeneity necessitated the use of a
random-effects coefficient binary regression model when the
test performance was summarized; otherwise, a fixed-effects
coefficient binary regression model was used [12, 13].

The pooled SEN, SPE, LR+, LR— and DOR, with their
95 % confidence intervals (Cls), were calculated for each
study. The summary receiver-operating characteristic curve
(SROC), area under the curve (AUC) and Q* index were
calculated. AUC values of 51-70 %, 71-90 %, and >90 %
indicated low, moderate and high diagnostic accuracy,
respectively.

Subgroup analysis was performed when some homoge-
nous set of studies adopted similar design variables.

@ Springer

Subgroups were constructed only when more than three stud-
ies could be included. Tests of interaction were performed to
assess differences between subgroups [14]. The above-
mentioned statistical analyses were performed using Meta-
DiSc statistical software version 1.4 [11].

Publication bias was assessed by Deeks’ funnel plot. For-
mal testing for publication bias was conducted using a regres-
sion of the diagnostic log odds ratio against ESS'? (effective
sample size) and weighting according to the effective sample
size, with P<0.10 indicating significant asymmetry [15]. This
statistical analysis was performed using Stata 12.0 software
(StataCorp LP, College Station, TX, USA).

Results
Study selection and characteristics

The study selection process is described in Fig. 1. The sys-
tematic literature search included 30 articles [16—45] compris-
ing a total sample of 1335 patients (1228 patients with MRS of
appropriate quality) with radiologically suspected untreated
glioma. The detailed characteristics of the included studies
are listed in Table 1.

Among these studies, 25 were retrospective cohort studies,
and only five studies were prospective. In 1228 patients with
MRS of appropriate quality, there were 426 LGGs and 802
HGGs. The detailed grading of HGGs was available in all but
two studies [17, 25]. Histological results obtained from either
surgical biopsy and/or resection were the main reference stan-
dard in all studies. Both pathology and clinical follow-up
combined with radiological follow-up were used as reference
standard in three studies [17, 19, 21].

Most studies used a single metabolite ratio, while five arti-
cles used only combined diagnostic thresholds, i.e. Cho/Cr
>1.2 and the presence of a lipid/lactate peak [19], either
Cho/Cr ratio or Cho/NAA ratio>1.5 or the presence of lactate
or lipids [24], Cho/Pcr-Cr and reduced NAA [41], Cho/Cr
and/or LL/Cr [36], and Cho/Cr and NAA/Cho [43].

The risk of bias and concerns regarding the applicability of
the studies are shown in Fig. 2. In most studies, the risk of bias
was low or unclear. Three studies in which patients received a
different reference standard were considered to have a high
risk of bias.

Quantitative synthesis

Cho/Cr ratio

Overall, among 19 of the included studies, a total of 852 MRS
examinations of good quality were performed for the detection

of HGGs by calculating the Cho/Cr ratio [16—18, 20, 22, 23,
25, 27, 28, 30, 31, 33-35, 38-40, 42, 45]. The diagnostic
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Fig. 1 Flow diagram of the study

selection process

Records identified through database
searching
PubMed(n = 1421)Embase (n =2059)

Additional records identified
through other sources
(n=0)

Identification

[

]

Records after duplicates removed
(n=2734)

Eligibility Screening

Included

threshold of Cho/Cr ranged between 0.49 and 2.07. The
Spearman correlation coefficient was 0.085 (P=0.73), which
indicated that there was no obvious threshold effect in the
estimates of accuracy. Significant heterogeneity was observed
in the overall comparisons (I’=59 %), and therefore the test
performance was summarized using a random-effects coeffi-
cient binary regression model.

The pooled weighted values were determined as follows:
SEN, 0.75 (95 % CI: 0.71, 0.79); SPE, 0.60 (95 % CI: 0.55,
0.66); LR+, 2.78 (95 % CI: 1.62, 4.76); LR—, 0.35 (95 % CI:
0.25, 0.49); and DOR, 8.53 (95 % CI: 4.39, 16.59). The forest
plots from 19 studies are shown in Fig. 3A. The AUC under
the SROC was 0.83 (Fig. 4A). A total of 313 MRS examina-
tions among six studies were performed on 1.5-T scanners
[27, 34, 39, 40, 42, 45]. A 3.0-T unit was used for 539 scans
among 13 studies [16-18, 20, 22, 23, 25, 27, 28, 30, 31,
33-35, 3840, 42, 45] that were included. There was no sig-
nificant difference in AUC between the 1.5-T and 3.0-T sub-
groups (Pinteraction=0-77)-

Next, we performed subgroup analyses by spectrum acqui-
sition technique (multi-voxel spectroscopy [MVS] and single-

A 4

Records excluded
(n =2345)

Records screened
(n =389)

A 4

Excluded articles (352)
h 4 Full-text articles inaccessible (n=1)
. Review articles (n=29)
Full-text articles assessed Relevant but data cannot be extracted (n=127)
for eligibility P Partially eligible but pertinent data not
(n - 37) extractable (n=122)
Relevant but < 7 patients (n=7)
Irrelevant (n=66)

A 4

Studies included in Excluded articles (n=7)

qualitative synthesis ®1 Data incorrectly calculated (n=7)
(n=37)

A 4

Studies included in
quantitative synthesis
(meta-analysis)

(n =30)

voxel spectroscopy [SVS]) and echo time of the spectroscopic
sequence (short echo time [STE] and long echo time [LTE]).
There was no significant difference in the AUC between the
MVS and SVS groups (Pinteraction=0.96) or the STE and LTE
groups (Pinceraction=0.90). The results of the included studies
and subgroup analyses of diagnostic accuracy variables are
summarized in Table 2.

Cho/NAA ratio

A total of 603 MRS examinations were analyzed among
16 studies [26-33, 35, 37, 39-42, 44, 45] to detect
HGGs from LGGs by calculating the Cho/NAA ratio.
The diagnostic threshold of Cho/NAA ranged between
0.80 and 3.77. No threshold effect (P=0.27) or hetero-
geneity (I=34 %) was found among individual studies.
The pooled SEN and SPE values were 0.80 (95 % CI:
0.76, 0.84) and 0.76 (95 % CI: 0.70, 0.82), respectively
(Fig. 3B).The AUC under the SROC was 0.87
(Fig. 4B). The pooled SEN, SPE, LR+, LR—, DOR
and AUC are summarized in Table 2. No significant
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Fig.3 Forest plot showing the sensitivity and specificity of different metabolite ratios for the differentiation of HGGs from LGGs. (A) Cho/Cr ratio; (B)

Cho/NAA ratio; (C) NAA/Cr ratio
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the curve

difference in AUC was detected between the 1.5-T and
3.0-T subgroups (Pinteraction=0.76) or the MVS and SVS
subgroups (Pinteraction =0.3 5)

NAA/Cr ratio

Ten studies [16, 28-30, 33, 34, 38, 40, 44, 45] including 333
MRS examinations were conducted in which HGGs were de-
tected by calculating the NAA/Cr ratio. The diagnostic thresh-
old of NAA/Cr ranged between 0.44 and 2.44. Here there was
also no threshold effect (P=0.35) or heterogeneity (I*=0.0 %)
found among individual studies. The pooled SEN and SPE
were 0.71 (95 % CI: 0.65, 0.77) and 0.70 (95 % CI: 0.61,
0.78), respectively (Fig. 3C). The AUC under the SROC was
0.78 (Fig. 4C). No significant difference in AUC was detected
between the 1.5-T and 3.0-T subgroups (Pjneraction=0.39) or
the MVS and SVS subgroups (Piyteraction=0.31).

LL/Cr

Only two studies [20, 36] had been performed in which HGGs
were detected by calculating the ratio of lipids and lactate
(LL)/Cr. Quantitative synthesis of studies measuring other
metabolite ratios was impossible because of limited data. Fi-
nally, we compared the AUCs among the three groups, which
revealed significant differences in AUC between the Cho/
NAA and NAA/Cr groups (Pineraction=0.03).

Sensitivity analysis

Among the 19 included studies in which HGGs were detected
by calculating the Cho/Cr ratio, the DOR values were greater
than 1.0 in all but two studies [17, 34], which were then ex-
cluded from the sensitivity analysis. The corresponding
pooled SEN, SPE, LR+, LR— and DOR were 0.74 (95 %
CI: 0.70, 0.78), 0.72 (95 % CI: 0.65, 0.77), 2.8 (95 % CI:
2.02, 3.88), 0.31 (95 % CI: 0.22, 0.43) and 10.92 (95 % CI:
6.26, 19.006), respectively. The AUC under the SROC was
0.84, which was not materially different from the overall
AUC (0.83), indicating that our results were statistically
robust.

Heterogeneity analysis and publication bias

Significant heterogeneity was present in the pooled analysis in
the Cho/Cr group that could not be explained by threshold
effect. Meta-regression analysis showed that factors including
year of publication, country, study design, compact surface,
voxel, and echo time did not contribute to heterogeneity.
There was no significant heterogeneity in the pooled analysis
in the Cho/NAA and NAA/Cr groups.

The Deeks’ funnel plot asymmetry test for the overall anal-
ysis in the Cho/Cr, Cho/NAA and NAA/Cr groups showed
that publication bias may have existed in Cho/Cr and Cho/
NAA groups (P=0.01 and 0.02, respectively) (Fig. 5A, B),
while the NAA/Cr group showed no significant publication
bias (P=0.31) (Fig. 5C).
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Table 2 Subgroup analyses of diagnostic accuracy variables
Category  Study ()  Threshold (%) SEN(95%CI)  SPE(95%CI)  LR+(©95%CI)  LR-(95%CI)  DOR (95 % CI) AUC (SE)
effects
(P value )

Cho/Cr
Overall 19 0.729 59.4 0.75[0.71,0.79]  0.60[0.55,0.66]  2.78[1.62,4.76]  0.35[0.25,049]  8.53[4.39,16.59]  0.8315 (0.0355)
15T 6 0.572 61.0 0.81[0.75,0.86]  035[0.26,045]  1.91[0.89,4.09]  040[0.19,0.87]  4.73[1.03,21.79]  0.8149 (0.0508)
3.0-T 13 0.971 53.2 0.71 [0.66, 0.76] 0.73 [0.66, 0.79] 2.82[1.85,4.29] 0.3210.21, 0.49] 10.62 [5.15, 21.90] 0.8338 (0.0386)
MVS 9 0.635 49.4 0.720.66,0.76]  0.71[0.64,0.78]  2.73[1.82,4.09] 036 [0.24,0.54]  9.03 [4.35,18.75]  0.8202 (0.0384)
SVS 7 0.879 74.1 0.76 [0.69, 0.83] 0.4210.32,0.53] 2.86[0.82,9.97] 0.44[0.21, 0.92] 6.41 [1.13, 36.36] 0.8166 (0.0777)
STE 5 0.624 24 0.71[0.62, 0.80] 0.74[0.61, 0.85] 2.94 [1.86, 4.65] 0.3410.23, 0.49] 9.00 [4.08, 19.89] 0.8229 (0.0534)
LTE 12 0.863 72.4 0.75[0.70,0.79] 058 [0.51,0.65] 276 [1.31,582]  0.36[0.23,055]  7.87[3.13,19.81]  0.8308 (0.0493)

Cho/NAA
Overall 16 0.270 34.2 0.80[0.76, 0.84] 0.76 [0.70, 0.82] 3.32[2.59,4.25] 0.26 [0.21, 0.32] 11.95 [8.10, 17.63] 0.8737 (0.0263)
1.5-T 10 0.075 43.0 0.79 [0.74, 0.84] 0.73 [0.56, 0.81 2.93[2.20,3.91] 0.28 [0.21, 0.37] 9.35[5.93, 14.75] 0.8740 (0.0394)
3.0-T 6 0.577 0.0 0.81[0.74, 0.88] 0.81[0.70, 0.89 4.31[2.68, 6.92] 0.220.15,0.32] 21.62 [10.10, 46.27] 0.8891 (0.0296)
LTE 14 0.695 349 0.79 [0.75, 0.83] 0.75[0.68, 0.81 3.20[2.49, 4.10] 0.27[0.21, 0.33] 11.30 [7.62, 16.76] 0.8649 (0.0275)
SVS 4 0.262 359 0.81[0.67, 0.90] 0.73 [0.58, 0.84 3.23[1.90, 5.50] 0.27[0.15, 0.47] 11.28 [4.34, 29.36] 0.8545 (0.0509)
MVS 9 0.389 54.4 0.820.77, 0.88] 0.77[0.69, 0.85 3.50[2.14,5.75] 0.19[0.11, 0.33] 26.92 [9.50, 76.30] 0.9118 (0.0334)

NAA/Cr
Overall 11 0.353 0.0 0.71[0.65, 0.77] 0.70 [0.61, 0.78 2.411.81,3.19] 0.40[0.32, 0.51] 6.67 [4.10, 10.85] 0.7802 (0.0342)
1.5-T 6 0.957 29.7 0.79[0.70,0.86]  0.68[0.55,0.78]  243[1.70,349]  033[0.22,047]  7.19[3.84,13.46]  0.8401 (0.0663)
3.0-T 5 0.285 0.0 0.63 [0.52,0.72] 0.73 [0.58, 0.85 2.35[1.48,3.72] 0.50 [0.37, 0.66] 5.98 [2.75, 12.99] 0.7682 (0.0517)
LTE 9 0.831 0.0 0.72[0.66, 0.78] 0.70[0.61, 0.79 243 [1.81,3.27] 0.3910.31, 0.50] 6.81 [4.14,11.21] 0.7832 (0.0355)
SVS 4 0.200 0.0 0.72[0.63,0.81]  0.62[0.48,0.74]  197[1.38,2.80]  0.43[030,0.63]  4.79 [2.47,9.26] 0.7506 (0.0586)
MVS 6 0.704 0.0 0.80[0.71, 0.88] 0.73[0.59, 0.85 2.89[1.82,4.59] 0.28 [0.19, 0.44] 9.73 [4.58, 20.69] 0.8340 (0.0586)

SE standard error

Discussion the Cho/Cr ratio was 8.53, indicating that this ratio may

Metabolic ratios of MRS have been frequently used to
differentiate glioma grade among numerous studies. In
an earlier article [8], the sensitivity and specificity of
MRS was reviewed only in terms of differentiating
high- from low-grade tumours. A recently published
meta-analysis [46] concluded that MRS demonstrated
moderate sensitivity and specificity for discriminating
brain tumours (pooled estimates of 80.58 % and
78.46 %, respectively). The chief problem in this
meta-analysis is that the authors combined all related
articles without identifying gliomas from brain tumours
or differentiating metabolite ratios used in each study,
which would inevitably increase heterogeneity and ren-
der the conclusion unreliable [7]. We performed the
present systematic review and meta-analyses based on
accurate calculations of the relevant data.

Cho/Cr ratio

According to the quantitative synthesis, the AUC of the
SROC curve was 0.83, suggesting a moderate level of
overall accuracy. The DOR is a single indicator of test
accuracy that combines the SEN and SPE data into a
single number [47]. In this meta-analysis, the pooled
DOR for diagnostic accuracy of glioma grading using

@ Springer

be helpful in the diagnosis of glioma grade. As the like-
lihood ratios are considered clinically more meaningful
than SROC curve and DOR, both LR+ and LR— were also
calculated to assess diagnostic accuracy. An LR+ of 2.78
suggests that HGG patients have about threefold higher
odds of a positive test (> cut-off value) than LGG pa-
tients. On the other hand, the LR— was 0.35, suggesting
that with a low cut-off value for the Cho/Cr ratio, the
probability of HGG for this patient would be 35 %, which
is not low enough to rule out HGG.

The results of subgroup analysis showed no significant
difference in diagnostic accuracy between 3.0-T and 1.5-T
MRS. However, in light of the limited data, further verifica-
tion of these results is needed. The diagnostic performance of
both the MVS and SVS techniques in distinguishing HGGs
from LGGs was mediocre, and showed no statistical differ-
ence in either LTE or STE subgroup.

Significant heterogeneity was observed in the overall
comparisons that could not be explained by threshold
effect. Despite performing meta-regression analysis, we
were unable to find the source of the heterogeneity.
There may be publication bias with regard to the Cho/
Cr ratio (Fig. 5A), as the results of Deeks’ funnel plot
asymmetry test (P=0.01) indicated that only small stud-
ies with high accuracy had been reported, while small
studies with lower accuracy likely had not.
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Fig. 5 Funnel plot of publication bias. (A) Cho/Cr ratio; (B) Cho/NAA
ratio; (C) NAA/Cr ratio

Cho/NAA ratio

For the Cho/NAA ratio, the AUC (0.87) indicated a moderate
level of overall accuracy. The pooled DOR of diagnostic ac-
curacy for HGG detection by the Cho/NAA ratio was 11.95,
indicating that the ratio may be helpful in the diagnosis of
HGGs. No statistically significant difference in diagnostic ac-
curacy was detected between the 1.5-T and 3.0-T or MVS and
SVS subgroups. Because of the limited STE study data, we
were unable to compare the diagnostic performance of the
Cho/NAA ratio between LTE and STE. No heterogeneity
was present in the overall comparisons, but publication bias

may exist, due to the small study effects (the tendency for the
small studies in a meta-analysis to show high accuracy).

NAA/Cr ratio

With regard to the NAA/Cr ratio, the AUC (0.78) indi-
cated a moderate level of overall accuracy. The summa-
ry DOR of the diagnostic accuracy of the Cho/NAA
ratio in detecting HGGs was 6.67, indicating that the
ratio may be helpful in diagnosing HGGs. No statisti-
cally significant difference in diagnostic accuracy was
detected between the 1.5-T and 3.0-T or MVS and
SVS subgroups. Heterogeneity and publication bias
was not present in the overall comparisons, indicating
that the results for the NAA/Cr ratio in our meta-
analysis were statistically robust.

Overall comparisons between different metabolite ratios

Several studies have strongly recommended the use of the
Cho/NAA ratio rather than the Cho/Cr ratio for differentiating
HGGs from LGGs [44, 48-50], and one study noted no sig-
nificant differences in the tumoural Cho/Cr ratio between
LGGs and HGGs [48]. Cho/Cr is the ratio most frequently
used, as mentioned in an overview of MRS [51] and supported
by other authors [52, 53]. This ratio has also demonstrated
reasonably low overall error during image processing [54].
Another reason for its use is that creatine concentration is
known to be relatively stable during the formation of the an-
aplastic foci, in contrast to Cho concentration, which increases
progressively [4]. However, this is a controversial issue, and
one study [55] showed that creatine can change during the
course of glioma development, and that creatine concentration
can even carry prognostic information.

It is noteworthy that our meta-analysis showed no signifi-
cant difference in AUC between the Cho/Cr and Cho/NAA
groups (Pinceraction™>0.05) or between the Cho/Cr and NAA/Cr
groups, but that there was a significant difference in AUC
between the Cho/NAA and NAA/Cr groups (Pineraction<
0.05), thus demonstrating that the Cho/NAA ratio has higher
diagnostic accuracy than the NAA/Cr ratio in distinguishing
HGGs from LGGs.

Based on the overall study results, the sensitivity and
specificity of glioma grade diagnosis was higher for the
Cho/NAA ratio (SE=0.80, SP=0.76) than the Cho/Cr
ratio (SE=0.75, SP=0.60) or NAA/Cr ratio (SE=0.71,
SP=0.70). Taking this diagnostic performance into con-
sideration, the Cho/NAA ratio may be a superior index
for distinguishing HGGs from LGGs. However, given
the limited data, further study is needed to confirm the
efficacy of the Cho/NAA ratio.
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Limitations

Although the present meta-analysis revealed moderate overall
diagnostic accuracy for MRS in distinguishing HGGs from
LGGs, some design limitations should be taken into consider-
ation when interpreting our results.

First, most of the included articles focused on the diagnos-
tic efficiency of a single metabolite ratio. The standards com-
bined different metabolites with metabolite ratios in
distinguishing HGGs from LGGs, but these were not well
established. Thus it was difficult to perform an accurate sta-
tistical analysis, as it was not known whether combined stan-
dards could improve diagnostic accuracy. In addition, the fo-
cus of the analysis was the superior metabolite ratios of tu-
mour tissue, and comparisons between tumour tissue and
healthy tissue were lacking, which may have led to lower
specificity.

Second, as mentioned above, several innovative and ad-
vanced multiparametric magnetic resonance techniques, in-
cluding DWI, DTI, and MR perfusion and multimodal imag-
ing including PET/SPECT, also help to distinguish HGGs from
LGGs. Though it is controversial which imaging technique is
superior, most authors concluded that combined techniques
would improve diagnostic accuracy [17, 22, 29, 34, 54].

Third, heterogeneity was found among the Cho/Cr ratio
groups, and factors such as sample size, patient age and glio-
ma grade may have also contributed to heterogeneity. Al-
though heterogeneity was not present in the other two groups,
there was considerable variation in study design, such as dif-
ferent types of coils, MRI devices and diverse methods of
determining cut-off values. Fourth, there may have been pub-
lication bias regarding the Cho/Cr and Cho/NAA groups. Our
meta-analysis was based only on published studies, which
tend to report high accuracy; studies with lower accuracy are
often rejected or not even submitted. In addition, this review
was restricted to full-text articles published in English, thus
omitting eligible studies that were unpublished or reported in
other languages, which also likely resulted in bias.

Fifth, different spectroscopic patterns of glial tumour
grades were not reflected. High-grade tumours in these studies
represented grade I and IV cases grouped together, whereas
a major diagnostic challenge sometimes is differentiating
grade II from grade III and grade III from grade IV. Dividing
the subgroups would have changed the cut-off threshold. Fi-
nally, the studies with small sample sizes would be greatly
affected by adding 0.5 to each cell of the study to correct for
zero entries in order to avoid potential problems in odds cal-
culations for studies with sensitivity or specificity of 100 %.

In conclusion, this meta-analysis provides evidence that
MRS has moderate diagnostic performance in distinguishing
HGGs from LGGs using tumoural metabolite ratios. The Cho/
NAA ratio is superior to the NAA/Cr ratio in differentiating
between HGGs and LGGs. We suggest that MRS should be

@ Springer

combined with other advanced imaging techniques in order to
improve diagnostic accuracy.
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