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SUMMARY

OBJECTIVE: The aim of this study was to compare the results obtained using SpectroView® (SV) and J-Magnetic Resonance User Interface
(JMRUI) from the same magnetic resonance (MR) spectroscopy of hydrogen data.

METHODS: Data from 23 males with alcohol use disorder (AUD) and 23 healthy non-AUD males were acquired by a 1.5 Tesla MR using
a PRESS sequence (TE=30 ms) in four voxels located in the right frontal and left frontal (RF and LF) lobes, and posterior cingulate (AC
and PC). The ratio of the signals from both N-acetyl-aspartate (NAA) and choline (Cho) over creatine (Cr) was calculated automatically
using SV and semiautomatically by an expert neuroradiologist using jMRUI. The software’ agreement was calculated by the 95% limits
of agreement (LoA) of the ratio of the obtained values.

RESULTS: The standard deviation was greater in jMRUI than in SV. Although there was a correlation between the results from both
methods, it was not possible to predict their variance from one another. Additionally, the 95% LoA showed that jMRUI values were
expected to vary from 38 to 190% of those obtained using SV for NAA/Cr in RF of AUD subjects and from 48 to 196% for NAA/Cr in
CA of non-AUD individuals.

CONCLUSIONS: The difference between the methods may represent clinically significant magnitudes. We suggest the use of the same

I

method when comparing spectroscopic data. We also suggest that in clinical practice, the automatic method should be preferred.

KEYWORDS: Magnetic resonance spectroscopy. Alcoholism.

INTRODUCTION

Proton magnetic resonance spectroscopy (‘H-MRS) is a non-
invasive method, which demonstrates brain tissues’ biochem-
istry?. Through '"H-MRS, it is possible to identify the wave
frequency from hydrogen protons that characterize specific
metabolites and their signals’ amplitudes, with the latter used
to calculate the relative concentration of metabolites’. Since

creatine (Cr) is the most stable metabolite captured by 'H-MRS

in brain tissue, it is the most adopted as an internal reference
to measure the concentration of other metabolites®’.
Although "H-MRS does not show specific disease lesions,
it demonstrates general metabolic alterations including neu-
ronal viability, the cellular energy status, and the state of cell
membrane’®. Recently, 'H-MRS has been used clinically and
scientifically to investigate various neurologic alterations, such

as metabolic, inflammatory, infectious, and tumoral diseases'.
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The signals of metabolites analyzed can be interfered with
by many factors, such as the signal of water and the adjacent
structures (e.g., the liquor and the skull)'. Therefore, the post-
processing of data is imperative in order to suppress noises and
identify the metabolites of interest". Despite many innovations
in data acquiring and processing automatization, there is still a
gap between scientific research and clinical application of the
'H-MRS, partially due to the complexity of the technique and
the manual steps of postprocessing”*.

It is still not much discussed in the literature if the metab-
olites ratios in "H-MRS vary in different postprocessing meth-
ods. The aim of this study was to compare the results obtained
by an automatic (J-magnetic resonance user interface, J]MRUT)
and a semiautomatic (SpectroView® [SV], Philips Medical
Systems Nederland B.V., The Netherlands) postprocessing
method of "TH-MRS.

METHODS

Inclusion and exclusion criteria
This study is part of a research project that aimed to evaluate
spectroscopic differences in the brain of patients with alco-
hol use disorder (AUD) and healthy non-AUD subjects with
the approval of the Local Ethics Committee. Therefore, this
study followed the same inclusion and exclusion criteria of the

research project, which may be consulted in the article by de

Souza et al.’. The recruitment of both groups was performed
between March 2016 and July 2017. Those who were eligi-
ble and in agreement to participate in this study signed the
Informed Consent Form and were submitted to anamnesis,
medical record analysis, magnetic resonance imaging (MRI),

and MRS-H.

Data acquisition
"H-MRS data were acquired by a 1.5 Tesla MRI scanner Achieva
(Philips Medical Systems Nederland B.V.), with a specific neu-
rovascular coil, model SENSE Head Coil with eight channels,
without paramagnetic contrast administration.

The MR acquisition was realized by point-resolved spectros-
copy sequence (PRESS), in the axial plane, with echo-time of
30 ms, repetition-time of 6 s, and NEX of 2. The total num-
ber of acquisitions was 64, with a bandwidth of 4 kHz and a
spectral resolution of 4096 points, without suppression of the
water signal. The spectroscopic acquisition was performed in
four single voxels, each with 8 cm® (2 cmx2 cmx2 cm), localized
in left dorsolateral prefrontal (LF), right dorsolateral prefrontal
(RF), anterior cingulate (AC), and posterior cingulate (PC),
including both white and gray matter. The estimated time for

each sequence was 2 min and 40 s (Figure 1).

Data postprocessing
Data were processed automatically using SpectroView®
(Philips, NL), resulting in ratios of the signals’ amplitudes

Figure 1. lllustrative magnetic resonance image showing the voxels analyzed (2 cmx2 cmx2 cm) represented in white boxes
in (A) (right and left dorsolateral prefrontal) and in (B) (anterior and posterior cingulate).
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from N-acetyl-aspartate (NAA) and choline (Cho) over Cr.
Subsequently, all data were processed by the same examiner, a
neuroradiologist (M.R.].) with 8 years of experience, through
the jMRUI program (public-domain MR user-interface soft-
ware)'®!!. In the j]MRUI analysis, the Advanced Method for
Accurate, Robust, and Efficient Spectral fitting (AMARES)
algorithm was used to fit the time-domain data'?, with water
peak assigned to 4.68 ppm, NAA to0 2.02 ppm, Cr to 3.0 ppm,
and Cho to 3.2 ppm. The spectral curves were classified as
good quality or inadequate quality for analysis, based on the
baseline characteristics (the quality of water suppression and
the quality of the separation of metabolite peaks), as well as
the frequency, shape, and amplitude of the identified peaks.
Inadequate spectroscopies were excluded from the analysis, due
to the low reliability of these results and to the already known
greater difference between SV and jMRUI when analyzing
bad-quality spectroscopies’.

Statistical analysis
Initially, the metabolites were analyzed descriptively (mean,
lower and upper values, and standard deviation). Subsequently,
we executed a linear regression analysis with the SV’s results
introduced as the independent variable and the JMRUT’s results
as the dependent variable, separately by group, metabolite, and
location analyzed.

To identify the agreement between the programs, we applied
the adapted method of Bland and Altman plot'* as follows:
in Y-axis, we located the ratio between the value obtained by
jMRUI over the value obtained by SV in each measurement
(jJMRUI/SV); while in X-axis, we located the mean of the values
obtained by the methods in each measurement [jMRUI+SV)/2].

Table 1. Metabolites' concentration ratios per voxels’ locations.

AUD/Non- AUD

Then, we calculated and included in this graph the 95% limits
of agreement (LoA; -1.96 SD and +1.96 SD of jMRUI/SV),
which represent the interval in which we expected to find 95%
of the values of the ratio ]MRUI/SV.

The statistical analysis was performed using SPSS version
23 software (IBM Corp., USA), and p-value <0.05 was con-
sidered statistically significant.

RESULTS
In total, 41 individuals (23 healthy non-AUD subjects and
18 AUD patients) were included in the statistical analysis, after
the exclusion of 1 AUD patient due to cerebral lesion and 4 AUD
patients who presented spectroscopies with a heterogeneous pat-
tern (low quality). NAA value from AC of one AUD patient
and Cho value from CP of one non-AUD subject were also
excluded from the analysis due to the low quality of their peaks.

Means and standard deviations obtained by both programs
are presented in Table 1. Notably, the standard deviations from
jMRUI were greater than those from the SV.

For most of the metabolites, there was a significant correla-
tion between the methods’ results (p<0.01). However, in AUD
individuals, we could predict at most 69.6% of the variance of
NAA/Cr in FE from jMRUI with SV as the independent vari-
able (p<0.0001; 95%CI 0.648-1.348), while at most 44.3%
of the variance of NAA/Cr in FE of non-AUD individuals
(p=0.001; 95%CI 0.408-1.253). Therefore, although there was
a correlation between most of the results, we could not create
a linear prediction model between the methods.

Additionally, the 95% LoA were variables for each metab-
olite and analyzed regions (Figure 2). Among the analyses, the

jMRUI SpectroView®

-m-mm

NAA/Cr (LF) 18/23 1.51 0.58 0.49 0.3 1.53 0.48 1.52 0.24
Cho/Cr (LF) 18/23 0.9 0.21 1.09 0.33 0.96 0.18 1.01 0.08
NAA/Cr (RF) 18/23 1.47 0.31 1.5 0.4 1.32 0.21 1.51 0.26
Cho/Cr (RF) 18/23 0.95 0.17 1.03 0.39 0.94 0.12 1.05 0.17
NAA/Cr (AC) 17/23 1.41 0.44 1.58 0.43 1.35 0.29 1.32 0.16
Cho/Cr (AC) 18/23 0.76 0.18 0.86 0.2 0.84 0.12 0.9 0.11
NAA/Cr (PC) 18/23 1.47 0.43 1.59 0.36 1.49 0.18 1.54 0.14
Cho/Cr (PC) 18/22 0.57 0.11 0.6 0.07 0.61 0.06 0.63 0.08

jMRUI: J-magnetic resonance user interface; AUD: alcohol used disorder; SD: standard deviation; LF: location of voxels (left frontal); RF: right frontal;

AC: anterior cingulate; PC: posterior cingulate.
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Figure 2. Bland-Altman plots (a-h) showing the ratio of the values obtained by magnetic resonance user interface over the
values obtained by SpectroView® (in percentage) in the Y-axis and the mean values between the programs in the X-axis for
each individual. The alcohol use disorder group is represented in gray and the healthy non-alcohol use disorder group in black.
Mean values for each group are represented as dashed lines and upper and lower 95% limits of agreement are represented
as solid lines. Location of voxels is represented as left frontal, right frontal, anterior cingulate, and posterior cingulate.
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narrowest LoA were from Cho/Cr in RF from AUD patients
(therefore, the most agreeable metabolite), with 95% of J]MRUI
measurements values expected to vary between 80% and 122%
of SV measurements. In contrast, the broadest LoA were from
NAA/Cr in RF from AUD patients, with 95% of the expected
results of JMRUI ranging from 38% to 190% in comparison
with the same measurements obtained by SV.

DISCUSSION

In this study, we compared the "H-MRS postprocessing per-
formed by using an automatic method (SV) and a semiauto-
matic method ((MRUI), in AUD and non-AUD individuals,
since it is expected that different steps followed by each model
of postprocessing may result in different measurements of the
metabolite ratios'. The semiautomatic postprocessing model
depends on specialized knowledge and is subjected both to the
experience of the examiner and to protocols of different hos-
pitals and research centers'. In contrast, the automatic model
executes standardized and automatic steps, not depending on
a specialized examiner.

Standard deviations of the measurements from the semi-
automatic method were greater than those from the automatic
method in both AUD and non-AUD groups. This finding sup-
ports the previous study by Mazzoni et al.’®, which demon-
strated the same tendency in healthy individuals. In addition,
this study showed greater standard deviations in jMRUI also
when analyzing patients with expected brain metabolic changes,
as demonstrated in studies with AUD patients'>'S.

Although the methods presented a positive correlation
between their results in most metabolites, it was not possible
to create a general prediction model to determine the variance
of semiautomatic values predicted by automatic results.

Previous studies showed that adjacent structures, such as the
liquor and the skull, could influence "H-MRS results. Besides,
Mazzoni et al."? verified greater LoA between the programs
when evaluating regions closer to the liquor, in comparison
with more distant regions, and therefore, they hypothesized
that the proximity to the water signal could increase the dis-
cordance between the software. In contrast, we did not find
such a difference when comparing the LoA of the areas closer
to the liquors (i.e., AC and PC) with those more distant from
the water signals (i.e., RF and LF).

By analyzing the LoA, we estimated that 95% of jMRUI
measurements expected for NAA/Cr in RF from AUD patients
ranged from 38% to 190% of the value obtained by SV from
the same metabolite, representing a non-negligible difference
in the spectroscopic analysis. Illustratively, a previous study
by Bulakbasi et al.'” analyzing spectroscopic differences from

malignant tumor, benign tumor, and control tissues identified
a mean value for NAA/Cr of 1.05, 1.42, and 1.68, respec-
tively, being this difference of less than 50% of NAA/Cr mean
between these tissues significant in the differentiation of tumors
(p<0.05)'8. LoA such as these found in our study evidentiate
the possible magnitude of difference between the methods and
the relevance of adapting reference values to each of them, as
well as the importance of specifying the software and the steps
of postprocessing adopted in studies.

In spite of the existing studies and data banks that estab-
lish reference values'®, there is no gold-standard spectroscopic
postprocessing method defined yet. Therefore, a common
practice in research evaluating brain alterations through
'"H-MRS is the use of control individuals as parameters of
comparison, instead of using a predetermined reference
value for identifying brain alterations. Similarly, we consid-
ered that in clinical practice, it would be useful to create a
spectroscopic data bank in each institution (with its stan-
dardized hardware and software), in order to facilitate the
clinical application of MRS-H.

As a limitation, our sample size limits the statistical com-
parison between the software. Besides, the use of ratios of NAA
and Cho over Cr does not allow us to determine if the differ-

ences in the measurement of metabolites are due to the analysis

of Cr, of both NAA and Cho, or of all of them.

CONCLUSIONS
The analyzed methods presented differences that may be clin-
ically significant in both AUD and non-AUD individuals.
Due to the smaller dispersion presented by the results from SV
and the facility in the method execution, we suggest that the
automatic may be preferred in clinical practice.
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