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Introduction: Magnetic resonance spectroscopy (MRS) is an imaging technique
that provides spectroscopic information about changes in biological markers.
Studies suggest that MRS can be helpful in determining the prognosis of patients
with diffuse axonal injury (DAI).

Methods: The PubMed and Scopus databases were systematically searched in June
2015 using following search strategy: (“Magnetic resonance spectroscopy” OR MRS
OR “MR spectroscopy”) AND [(“Diffuse axonal injury” OR DAI] AND Prognosis) to
find relevant articles in which the prognostic value of MRS had been investigated
in patients with traumatic DAI. All relevant information was extracted from the
identified articles and used to synthesize the data for the purpose of this study.
Result: In total, 19 articles were found in PubMed and 151 in Scopus. Of these, eight
documents were selected for further data extraction following the application of the
inclusion/exclusion criteria. The total number of patients who participated in the
research studies described in the selected documents was 197. All of the selected
documents showed that MRS can be used to quantitatively assess metabolite changes
in patients with DAL

Discussion: The results of the studies indicate that MRS imaging as a sensitive
method can quantitatively determine even small variations in metabolites. Any
changes in the metabolite level of the brain after traumatic injury may be a useful
predictor of a patient’s outcome; therefore, if the sensitivity of MRS is proven, this
method can have prognostic value when employed with patients with DAL
Conclusion: Based on the results of this systematic review, MRS is a sensitive tool
that is helpful in determining the prognosis of patients with DAI.
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Introduction

Traumatic brain injury (TBI) is one of the lead-
ing causes of death and disability, and it is a signif-
icant global health problem. Diffuse axonal injury
(DAI) is one of the most common causes of dete-
rioration in patients with TBI, and it occurs in ap-
proximately half of patients who experience head
injuries. Traffic accidents are the leading cause of
DAI (1). DAI is a brain pathology that may cause
prolonged traumatic coma. This injury usually oc-

curs following TBI, and extensive axonal damage
is due to the disorganization of cellular structures
and axonal edema in different areas of the brain
(2-5). In conventional imaging, there is a weak re-
lationship between the prognosis of patients and
primary lesion. This can be due to DAI in the sur-
rounding areas or areas beyond the original injury
as well as microscopic axonal injuries (6,7). DAl is
a major cause of disability that extends over a long
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time period. Although the exact prevalence of brain
injuries vary by region, the incidence of mild TBI
is about 100 to 600 cases per 100,000 people (8).

The prognosis of a disease may vary according to
the severity, location of lesion and access to medi-
cal services. However, severe axonal damage often
leads to coma and may not have a favorable out-
come (8-10). Because computerized tomography
(CT) scans and other macroscopic imaging tech-
niques cannot properly identify the microscopic
processes associated with DA], it can be problem-
atic to diagnose it. To date, none of the diagnostic
methods that have been historically applied have
been able to accurately predict the prognosis of
patients with diffuse axonal brain lesions. Accord-
ing to the results of various studies, the level of
brain metabolites is directly associated with the
severity and prognosis of patients (11). Clinical
findings suggest that measuring brain metabolites
using magnetic resonance spectroscopy (MRS) can
represent one possible way of predicting the prog-
nosis of the pathological disease (11).

Nuclear magnetic resonance (NMR) spectros-
copy, which is generally known as MRS, is a sensi-
tive, accurate and non-invasive method by which
changes in brain metabolites can be evaluated
after a trauma (12). MRS is an imaging technique
that provides spectroscopic information about
the changes in biological markers as well as other
metabolites during the activation of organs. Stud-
ies have found that neurobiochemical findings can
help to evaluate the prognosis of patients with
DAI (11). Therefore, the aim of this study was to
systematically review the prognostic value of MRS
imaging in diffuse brain lesions through the evalu-
ation of existing studies in this area.

Methods
Search methods

The PubMed and Scopus databases were sys-
tematically searched using the following search
criteria: “Magnetic resonance spectroscopy” and
“Diffuse axonal injury” in the title, keywords, and
abstract of papers in which the prognostic value
of MRS as a practical and non-invasive imaging
technique had been evaluated in traumatic DAIL
For this purpose, the following search strings were
applied to find relevant documents in PubMed:
([“Magnetic resonance spectroscopy” OR MRS OR
MR spectroscopy) AND [“Diffuse axonal injury”
OR DAI] AND Prognosis). To identify articles in the
Scopus database, the search that was performed in
the PubMed search was replicated, but a custom-
ized search strategy was applied. For this purpose,
“magnetic resonance spectroscopy” was searched
in the Scopus, and then “diffuse axonal injury”
was searched within the results. Afterward, the

articles extracted from both databases were lim-
ited to those documents that were written in the
English language and were conducted on a human
sample. The database search was performed on
June 2015. To further reduce the possibility of data
loss, after systematically searching the databases,
Google Scholar and the Google search engine was
also searched for the described key terms. The
reference list of all the articles that were identi-
fied during the initial search were also manually
screened to find any other potentially relevant
documents.

Study selection and inclusion/exclusion criteria

To ensure all relevant studies were included, all
identified studies were assessed, regardless of the
date of publication. However, to avoid data loss,
reduce the incidence of undesirable errors, and
minimize the risk of the extracted data being mis-
interpreted during the subsequent data synthesis
process, only articles that were written in the En-
glish language were included in this study. By cus-
tomizing the search method, articles with various
types of clinical design including case-controls,
cross-sectionals, clinical trials, comparative stud-
ies, and prospective cohort studies were included
in this literature review for further data process-
ing. However, conference papers, abstracts, edito-
rials, review articles, and meta-analysis were ex-
cluded from further evaluation. Following a review
of the title, keywords, and abstract of the selected
articles, publications that contained duplicate data
and those that were deemed to have subject and
language irrelevancy were also excluded during
the first step of article selection, as too were arti-
cles that did not contain the full text. In addition,
articles that involved in vitro studies or research
on animals were also excluded. Similarly, articles
in which the MRS had been used to clinically evalu-
ate metabolites in pathological changes other than
DAI were also excluded. As such, the inclusion cri-
teria for article selection in this review study were
English-language articles in which the prognostic
value of MRS had been investigated in patients
with DAL

Data synthesis

General information, including the name of the
first author, country of origin, date of publication,
and type of study design, as well as the number of
subjects in the studied population, were extracted
and recorded. Other available information includ-
ing demographic data of studied population, the
method of assessment, and the main findings were
collected based on the main purpose of the study.
Data were extracted and analyzed according to the
results of studies that reported the efficacy and
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prognostic value of MRS in DAL All data processing,
including the processes of article selection and data
extraction, were performed independently by two
reviewers according to the recommended standard
protocol of the PRISMA checklist 2009 (13). Any
discrepancies in terms of the application of the in-
clusion and exclusion criteria during the processes
of data extraction were resolved between the au-
thors prior to any further data synthesis.

Results
Study search results

A total of 19 relevant articles were found in
PubMed and 151 in Scopus. Following a full review
of the article abstracts, 93 irrelevant articles were
excluded in the first step. Additionally, 23 docu-
ments were excluded due to language irrelevancy.
Twenty-five documents that contained duplicated
data were then excluded during the processes of
article selection. Almost 18 articles in which the
MRS imaging had been used for the diagnosis of
hepatic disease or other pathological changes
were also excluded from further assessment. Fur-
thermore, nine studies that had been performed
on animals were omitted. Four additional relevant
documents were found through manual reference
list screening of the previously selected docu-
ments. Three papers were also found and included
following a search of Google Scholar and the Goo-
gle search engine. Four of these papers were ex-
cluded because the full text of the published paper
was not available. Finally, after a very strict process
of article selection and a comprehensive review of
the selected articles, only eight relevant articles, all
of which met all of the defined inclusion/exclusion
criteria, were used for subsequent data analysis.
The step-by-step process involved in the literature
search and study selection is presented in Figure 1.

Articles found in PubMed Articles found in Scopus
n=19 n=151

Articles found through
Google Scholar search
n=3

Total records
n=173

Papers excluded due to
duplication OR irrelevancy
n=141

full text articles assessed
for eligibility
n=32

Additional records
through reference list
screening
n=4

Papers excluded at final
assessment
n=28

Total records assessed
for data extraction
n=8

Figure 1. Flowchart of the literature search strategy used in
this study for the selection of relevant document.

General characteristics of the included articles

The total number of participants enrolled in
the studies described in the selected literature,
in which the prognostic value of MRS as an accu-
rate and non-invasive imaging technique had been
evaluated in patients with DAI, was 197. Moreover,
55 healthy participants had been enrolled in some
studies as a control group. The number of patients
enrolled in the studies described in the selected
literature varied from 8 to 60. According to the ex-
tracted data, patients of both genders had partici-
pated in the studies described in the selected liter-
ature. Unfortunately, because the gender ratio had
notbeen reported in two studies, data could not be
analyzed according to the gender of the subjects.
However, in those articles that fully described the
demographic data of the studied population, 86
patients were male, and 63 were female. The age
of patients enrolled in the selected documents
varied from one-year-old children to 65-year-old
patients. Of the studies that were included in this
literature review, one was a prospective cohort,
two were cross-sectional, and 1 was a compara-
tive study. In addition, there were 1 retrospective
and 3 evaluation studies among the selected doc-
uments. The most recent article was published in
2013, while the oldest was published in 2002. The
general characteristics of the included studies are
presented in Table 1 in chronological order of the
date they were published.

Study results

The results of this review indicated that MRS is
a suitable imaging technique that can accurately
detect even small degrees of metabolite variation
in clinical practice, especially in brain pathologi-
cal assessments. All of the articles included in this
study found that MRS can quantitatively detect
changes in major brain metabolites such as N-ace-
tyl aspartate (NAA), total choline (Cho), and total
creatine (Cre), as well as myo-inositol (ml), gluta-
mine, glutamate, and cerebrospinal fluid fractions
in patients with DAI Therefore, the results of this
study suggest that MRS can be considered to repre-
sent a reliable imaging method for the assessment
of axonal injuries. The main clinical outcomes and
method of assessment are summarized in Table 2.

There were a number of limitations associated
with this study. These included unreported data,
particularly demographic information related to
gender ratio, and a lack of studies, which may ren-
der the results insignificant or induce a lower per-
centage of MRS accuracy.

Discussion
Diffuse axonal injury, which is histopathological-
ly determined by observation of axonal edema, is a
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PSC mTBI 21/5 26

ES TBI 25/4 29

Holshouser USA
2005
(12)

* CSS: Cross-sectional study, CS: Comparative study, ES: Evaluation study, PCS: Prospective cohort study, RS: Retrospective study,
® Mild traumatic brain injury (mTBI), MS: Multiple sclerosis, VS: Vegetative state

Table 2. Detailed information of included documents.

MRI, multivoxel pro- NAA, Cho, Cr, ml DAl is quantifiable with
2013 ton MRS, pathologi-
(14) cal analysis

3 Govind MRI, MRS, NST NAA, Cho, Cr, GCS MRS provides non-invasive quantifiable
2010 metabolite measures
(16)

5 Holshouser MRS, SWI, HL NAA, Cr, Cho, Lac, GCS  H-MRS is more sensitive than other meth-
2005 ods in predicting metabolite alterations.
(12)

7 Uzan MRI and MRS NAA, Cr MRS has the potential to be used for de-
2003 tecting DAI
(19)

* Cho: Choline, Cr: Creatine, Gln: Glutamine, Glu: Glutamate. GCS: Glasgow coma scale, mI: myo-inositol, NAA: N-acetylaspartate.
® FIM: Functional independence measure, Hemorrhagic lesions, MRI: Magnetic resonance imaging, MRS: Magnetic resonance spec-
troscopy, MTr: Magnetization transfer ratio, NST: neuropsychological test, HL: SWI: Susceptibility-weighted imaging.
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subset of brain damage that is caused by trauma
(21,22). This damage occurs in almost half of the
cases of brain damage caused by severe trauma,
which is the main cause of vegetative state in these
patients (23). Conventional imaging methods,
such as CT scan and magnetic resonance imaging
(MRI), have limited diagnostic capabilities. MRS
is a non-invasive and sensitive method by which
post-traumatic brain metabolite changes can be
evaluated. Research indicates that MRS may be a
helpful technique for evaluating the prognosis of
patients with DAI by measuring brain metabolites,
such as Creatine and Choline, as a marker of met-
abolic energy and the health of cell membranes
respectively (12). Many studies have evaluated the
prognostic value of MRS in acute brain injury and
coma and have assessed the metabolite levels in
different brain regions (24). The results indicate
that significant changes can be observed in brain
metabolites after neuronal damage (3,25,26). The
evaluation of the brain metabolite levels, such as
NAA, Chol, Cr and lactate (Lac), in the normal brain,
the internal capsule, and the cerebral peduncle
using MRS imaging in patients with mild TBI has
found that the level of these metabolites signifi-
cantly changes in patients with DAI (5,27,28).

Studies have also shown that MRS can be effi-
ciently used to evaluate other pathologies such as
malignancies. Findings show that tumor tissues
can be accurately distinguished from benign le-
sions (29). Studies suggested that MRS spectrum
can be used to predict pathology and tumor me-
tastasis. In addition, research has found that, in
addition to its diagnostic value, proton MRS is a
valuable imaging method that can predict patients’
length of survival. Therefore, MRS is an efficient
imaging method that provides biochemical infor-
mation about the tissue as well as relevant prog-
nostic information that may be valuable for the
prediction of the pathological consequences of a
lesion. It has recently been suggested that proton
MRS may represent a useful and practical method
for evaluating prognosis in neonatal encephalop-
athy (31,32). Therefore, the sensitivity and speci-
ficity of MRS have led researchers to consider this
technique as a reference method that has valuable
prognostic importance in terms of predicting the
consequence of a pathology.

The results of studies indicate that MRS imaging
can be an appropriate tool to determine the prog-
nosis of patients with DAL In addition, findings
show that the use of metabolite indexes, such as
NAA/chol ratio, can accurately determine the se-
verity of DAL The findings also reveal that NAA is
directly associated with the severity of the injury
and the prognosis of patients. Specifically, lower
levels of this metabolite are suggestive of severe

injury and poor prognosis.

Conclusion

The findings of this systematic review reveal
that the level of brain metabolites, such as NAA,
chol, and cr, can be accurately assessed using MRS
imaging as a means of evaluating the severity of
DAL According to the conclusions of the studies
that were examined as part of this literature re-
view, MRS is a sensitive, accurate, and non-invasive
imaging method that can have a prognostic value
in patients with severe TBI and DAI.
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