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Abstract

Aim: This study aimed to noninvasively assess early neurometabolic changes in the thalamic region following trauma in adult individuals, using
proton magnetic resonance spectroscopy ('H-MRS).

Methods: Adult patients presenting with trauma but without parenchymal damage on computed tomography (CT) were prospectively enrolled.
Thalamic MRS evaluations were performed on the 3rd and 15th days post-trauma to measure metabolite levels (N-acetylaspartate [NAA],
choline [Cho], creatine [Cr], myo-inositol [ml], lactate [Lac], and glutamate-glutamine [GIx]) and metabolite ratios. Statistical comparisons
between the two time points were made using paired t tests, with a significance threshold of P < .05.

Results: A significant increase in thalamic choline (Cho) levels was detected on the 3rd day after trauma (P < .05). In contrast, no significant
changes were observed in NAA, Cr, ml, Lac, Glx levels, or in metabolite ratios (P > .05).

Conclusion: The findings suggest that early trauma leads to selective metabolic alterations, particularly reflected by increased Cho levels
likely associated with early glial activation. Proton MRS may offer a valuable, noninvasive method for detecting early biochemical changes in
the central nervous system after trauma, aiding in the early identification of patients at risk for further neurological complications.
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Introduction

Trauma, resulting from the transfer of kinetic, thermal, or
chemical energy to tissues, is a leading cause of mortality among
individuals aged 1-44 years.! Globally, it ranks third after cancer
and cardiovascular diseases.? Beyond mortality, trauma leads to
permanent disabilities and reduced quality of life. Pain emerging
after trauma reflects a defensive response, transmitted from
peripheral nociceptors to the thalamus and cerebral cortex.?
Alterations in this transmission may predispose individuals to
chronic neuropathic pain, with the thalamus serving a central
modulatory role.**

Thalamic dysfunction following trauma has been associated
with long-term neuronal damage, as indicated by reductions
in N-acetylaspartate (NAA) levels observed through magnetic
resonance spectroscopy (MRS).6® Conventional imaging techniques
are limited in detecting early metabolic changes, whereas MRS
enables noninvasive quantification of key metabolites such as NAA,
choline (Cho), and creatine (Cr).° These alterations may underlie
the progression to chronic pain syndromes. Early identification of
such metabolic disruptions could inform preventive therapeutic
strategies.

Understanding the thalamus's early neurochemical responses
to trauma has significant clinical relevance. Early identification

of metabolic alterations could enable clinicians to predict the
risk of chronic neuropathic pain development, implement timely
therapeutic strategies, and ultimately improve long-term patient
outcomes. By elucidating the pathophysiological pathways involved
in central pain sensitization after trauma, findings from such
studies may help optimize rehabilitation programs and enhance
quality of life for affected individuals.

The present study aims to investigate thalamic neurometabolite
changes in adult individuals during the early post-traumatic
period using proton magnetic resonance spectroscopy (*H-MRS).
By objectively characterizing early central nervous system
alterations following trauma, this research seeks to contribute to
a deeper understanding of trauma-related neuropathophysiology
and to inform clinical approaches aimed at preventing chronic
complications.

Materials and Methods
This study was designed prospectively.

Patient Selection

Adults who presented to the Emergency Department of Cumhuriyet
University Research and Application Hospital between April and
December 2009 and who exhibited no parenchymal damage on

Table 1. Thalamic Metabolite Concentrations Detected By MRS On The 3rd And 15th Days After Trauma

NAA Cho Cr ml

Trauma Cause (D3) (D3) (D3)

Case Age Sex

1 29 E Physical assault 5.6 34 45 25
Penetrating or

2 25 E sharp object 6.1 37 47 24
injury

3 36 E Physical assault 5.5 36 54 28

29 K Traffic accident 7.2 4.4 59 32

5 26 E Traffic accident 6.8 4.2 45 13
Penetrating or
6 23 K sharp object 52 32 30 12
injury

7 42 E Physical assault 3.8 24 36 25

46 E Physical assault 7.9 46 50 1.1
9 22 K Physical assault 4.5 23 30 15
10 24 E Physical assault 4.9 29 34 14
11 36 E Traffic accident 3.6 24 29 16
12 30 E Traffic accident 3.6 22 23 12
13 23 K Traffic accident 4.7 29 27 07
14 49 E Physical assault 3.6 24 30 19
15 38 E Traffic accident 4.3 2.3 36 1.8
16 38 K Physical assault 6.8 44 50 09
17 23 E Physical assault 4.9 25 30 07
18 28 E Physical assault 4.5 24 26 04
19 33 K Physical assault 3.6 24 31 08
20 33 E Traffic accident 3.3 2.1 27 21
21 36 E Traffic accident 3.5 2.1 34 24
22 21 E Traffic accident 6.1 3.5 38 09
23 48 K Fall from height 6.3 46 39 06
24 44 E Traffic accident 5.6 39 38 09
25 30 K tcvz‘::t';'n”ggigjrury 64 45 56 07
26 21 E Traffic accident 6.3 37 39 07

(D3)

NAA Cho Cr ml
(D15) (D15) (D15) (D15)

Lactate Gix
(D15) (D15)

Lactate Glx
(D3) (D3)

1.4 1.6 5.5 34 43 29 15 1.7
13 1.6 6.0 39 48 32 15 2.1

1.1 1.5 72 5.1 4.4 1.9 1.4 0.9
2.6 20 3.6 2.3 29 24 1.2 13
2.7 1.4 3.7 2.6 32 24 1.4 1.4

2.1 0.7 34 2.1 24 13 0.8 1.1

09 1.6 44 29 2.7 1.0 20 0.7
24 1.0 3.8 23 33 2.1 0.9 1.1
1.2 09 4.2 25 3.0 13 2.0 0.9
2.6 0.8 43 24 29 0.9 1.7 0.8
1.0 0.8 4.6 3.0 30 07 2.7 0.5
0.9 0.7 3.5 24 2.1 1.0 1.6 0.5
2.0 0.4 5.9 32 43 25 1.7 1.6
13 09 34 2.1 2.8 1.3 1.4 0.9
1.4 1.1 4.1 2.6 32 2.1 13 1.5
13 0.8 5.0 2.8 3.6 1.0 2.6 1.1
2.0 0.6 6.8 38 43 0.7 4.0 1.0
1.9 0.4 52 1.9 2.6 0.8 24 0.9
1.5 0.7 42 3.1 33 1.2 1.8 0.9
2.4 0.9 1.8 13 1.4 1.0 1.5 1.7
1.5 1.2 4.2 24 2.8 1.6 1.5 2.1
1.7 0.8 59 3.7 35 1.1 1.4 0.9
0.9 0.9 4.8 29 3.1 0.9 1.2 13
1.2 0.4 4.9 32 32 1.4 1.4 1.4

1.8 0.6 4.7 29 4.0 13 0.8 1.1
1.6 0.7 6.0 39 35 1.6 2.0 0.7

NAA, N asetilaspartat; Cho, kolin; Cr, kreatin; ml, miyoinozitol; Glx, glutamat-glutamin
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Figure 1. Spectral Pattern of MR Spectroscopy

Voxel placement in the thalamic region for proton MR spectroscopy.

brain computed tomography (CT) scans were included in the study.
The emergency physician assessed the patients’ overall clinical
status and categorized it as moderate or good. The evaluation
criteria were as follows:

+ Respiratory rate: 14-20 breaths per minute
« Heart rate: 60-100 beats per minute

« Systolic blood pressure: 90-150 mmHg

« Diastolic blood pressure: 60-100 mmHg

+ Glasgow Coma Scale (GCS) score: 14-15

Patients with Revised Trauma Scores between 10 and 17 and who
were evaluated as neurologically normal by a neurology emergency
consultant were eligible for inclusion.

Patients with chronic illnesses such as epilepsy, paraplegia,
diabetes mellitus, or rheumatoid arthritis, those on long-term
medication, or those with contraindications to magnetic resonance
imaging (MRI) were excluded. Additionally, patients who had used
analgesics or any other medications were also excluded.

All participants were thoroughly informed about the study, and
written consent was obtained before participation. No sedative
agents or contrast media were used during MRI examinations.
Brain MRI and thalamic MRS evaluations were performed on
the 3rd and 15th days following the trauma. The timing of these
measurements was determined based on prior studies investigating
post-traumatic changes in metabolite levels.'™

Magnetic Resonance Imaging (MRI) and Spectroscopy (MRS)

MRI scans were performed using a 1.5 Tesla scanner (Exelart,
Toshiba, Tokyo, Japan). Images were acquired with an axial T2-
weighted fast spin-echo sequence (TR: 4000 ms, TE: 94 ms,
FA: 90/160, NEX: 2, FOV: 180x220 mm, matrix: 160x320, slice
thickness: 4.5 mm, interslice gap: 1 mm, duration: 1 minute 40
seconds).

The MRS examination targeted the thalamic region and was
performed using a single-voxel point-resolved spectroscopy
(PRESS) technique (TR: 2000 ms, TE: 136 ms, FA: 90/180, FOV:
16x16 mm, matrix: 1x1024, NEX: 128, duration: 4 minutes 16
seconds) with a voxel size of 1.5x1.5x1.5 cm. The voxel was placed
over the thalamus on the slice where the thalamus was most
prominently visible, avoiding the lateral ventricles, internal capsule,
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Figure 2. Voxel Localization in MR Spectroscopy

Representative MRS spectral pattern showing the evaluated metabolites.
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Figure 3. Comparison of Metabolite Levels and Metabolite Ratios
on the 3rd and 15th Days After Trauma

Comparison of Cr, NAA, Cho, ml, lactate, and Glx levels and metabolite ratios
measured on days 3 and 15 after trauma.

and lentiform nucleus. In the MRS analysis, the signal intensities
of the following metabolites were evaluated: N-acetylaspartate
(NAA), choline (Cho), creatine (Cr), myo-inositol (ml), glucose, lipid-
lactate, and glutamate-glutamine (Glx).

Data Analysis

In our study, to more effectively demonstrate the measured
metabolite changes and better highlight statistical differences, we
preferred to use metabolite ratios relative to each other, utilizing
an internal reference such as Cr (creatine), rather than relying
solely on the raw values obtained from thalamic MRS examinations
on the 3rd and 15th days after trauma.

MR spectroscopy data were acquired using the scanner's MRS unit.
The parts per million (ppm) values of the acquired metabolites
were recorded, and the metabolite ratios were calculated.

Ethical Approval
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This study was approved by the Ethics Committee of Cumhuriyet
University Faculty of Medicine (Date: 02.06.2009, Decision No:
09/152).

Statistical Analysis

Statistical analyses were performed using SPSS version 14.0
(Statistical Package for the Social Sciences). Paired t tests were
used. P < .05 was considered statistically significant.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results

The mean age of the 26 patients included in the study was
32.03 (8.67) years (range: 21-49 years); 18 patients (69.2%) were
male, and 8 patients (30.8%) were female. The distribution of
trauma causes revealed that traffic accidents and physical assaults
were the most common, each affecting 11 patients (42.3%). Less
frequent causes included penetrating or sharp object injuries in 2
patients (7.6%), followed by a fall from height and a crushing or
twisting injury, each reported in 1 patient (3.8%).

The voxel placement for the MRS examination was standardized
across all patients and targeted the thalamic region while avoiding
adjacent anatomical structures. Figure 1 illustrates the voxel
localization used in the scans. Additionally, Figure 2 presents a
representative MRS spectral pattern from a patient, showing the
evaluated metabolites, including NAA, Cho, Cr, ml, Lac, and Glx.

In the MRS evaluations conducted on both the 3rd and 15th days
following trauma, we measured NAA, Cho, Cr, ml, lipid-lactate, and
GIx metabolite levels in the thalamic region. Table 1 presents the
distribution of these metabolite concentrations, along with patient
demographic characteristics and trauma causes.

The comparison of the metabolites Cr, NAA, Cho, ml, lactate,
and Glx, as well as the ratios NAA/Cr, Cho/Cr, ml/Cr, NAA/Cho,
NAA/(Cr+Cho), and NAA/ml, obtained through thalamic MRS
examinations on the 3rd and 15th days following trauma, is
presented in Table 2, Table 3, and Figure 3.

When comparing the Cr, NAA, ml, lactate, and Glx levels, as well
as the NAA/Cr, Cho/Cr, ml/Cr, NAA/Cho, NAA/(Cho+Cr), and NAA/
ml ratios measured on the 3rd and 15th days, no significant
differences were found (P >.05). However, when comparing the Cho
values between the 3rd and 15th days, a statistically significant
increase in choline on the 3rd day was observed (P < .05).

Table 2. Comparison Of Metabolite Levels Detected On The
3rd And 15th Days After Trauma

Day 3 Day 15 P
Measurements
(Mean + SD) value
Cr 319+0.88 287+078 159 .123
NAA 517 +1.31 465+1.19 173 .095
Cho 378+ 1.00 325+0.77 291 .007
ml 146 £+ 0.78 152 +0.70 0.35 .728
Laktat 193+089 1.85+0.70 0.38 .701
Glx 1.05+046 1.04+037 0.07 .939

NAA, N asetilaspartat; Cho, kolin; Cr, kreatin; ml, miyoinozitol; Glx,
glutamat-glutamin; P > .05.

Discussion

This study aimed to noninvasively evaluate neurometabolic
changes in the thalamic region during the early/subacute phase
following trauma in adult individuals, using proton magnetic
resonance spectroscopy (*H-MRS). Our findings demonstrate a
significant increase in choline (Cho) levels in the thalamic region on
the 3rd day after trauma. In contrast, we observed no statistically
significant changes in NAA, Cr, ml, Lac, or Glx levels. These results
suggest that the early effects of trauma on the central nervous
system may be selective and region-specific.

The observed post-traumatic increase in Cho levels is directly
associated with alterations in phospholipid metabolism of neuronal
cell membranes. The levels of choline-containing compounds
increase in the brain after injury because these compounds
are essential for both membrane synthesis and degradation
processes.'"? The post-traumatic inflammatory response has been
previously reported to occur early in sensory integration structures
such as the thalamus.™

Proton MRS studies of traumatic brain injury (TBI) have shown
that increased Cho is associated with injury severity. Even in mild
cases of trauma, raised thalamic Cho is observed, which shows the
sensitivity of this region to trauma and the contribution of early
glial response.’'> We provide additional insight concerning the
timing of this process by demonstrating an increase in Cho levels
on the third day post-trauma.

The preservation of NAA levels after injury indicates no significant
neuronal integrity loss in the acute phase, as NAA is a neuron-
specific metabolite and reflects neuronal loss or dysfunction.’® The
absence of initial changes in NAA levels after trauma indicates
that trauma may occur with limited glial activation and that there
has not yet been significant neuronal degeneration.®'’” Past studies
have reported significant reductions in NAA levels post-trauma at
later intervals (weeks or greater)."”

The absence of significant changes in Cr and ml levels suggests
that energy metabolism and osmotic balance in the thalamus are
stable in the acute phase of injury. Cr is typically thought of as a
measure of energy metabolism, while ml is typically thought of as
a measure of astrocytic activity. The stability of these metabolites
in our study supports that early glial proliferation is likely limited to
a relative increase in Cho levels. 819

According to the literature, metabolite ratios (NAA/Cr or Cho/Cr)
are often regarded as more sensitive to trauma-related effects.
However, the lack of any appreciable change in the observed ratios
here suggests that the increase in Cho was only modest in absolute

Table 3. Comparison Of Metabolite Ratios Detected On The
3rd And 15th Days After Trauma

Day 3 Day 15 P
Measurements t
(Mean + SD) value
NAA/Cr 1.63+015 1.63+025 0.01 .987
Cho/Cr 120+ 019 1.15+0.16 1.03 .311
ml/Cr 0.50+0.30 0.55+024 072 478
NAA/Cho 143 +020 1.38+0.23 096 .346
NAA/(Cr+Cho) 0.74 + 0.08 0.76 +0.09 0.79 .432
NAA/mI 354 +124 306+1.02 086 .256
NAA/Cr, N  asetilaspartat/kreatin;  Cho/Cr,  kolin/kreatin; ~ ml/Cr,

miyoinozitol/kreatin; NAA/Cho, N asetilaspartat/kolin; NAA/(Cho+Cr),
N asetilaspartat/kolin+kreatin; NAA/ml, N asetilaspartat/miyoinozitol;
P >.05.
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value and that the stable Cr affected the ratios. This evidence
suggests that, after trauma, the thalamus may display metabolic
adaptation mechanisms in the first days. %

There may also be different viewpoints regarding deep brain
structures such as the thalamus and trauma. Some researchers
argue that the thalamus is more susceptible to the secondary
effects of trauma because of its dense connections with white
matter;'" however, others suggest that inflammation is a more
significant contributor to trauma injuries than mechanical force. '
We contribute to this area of exploration by associating the initial
Cho increases with early inflammatory responses.

Future studies should utilize a larger sample size and conduct
multi-regional metabolite measurements (hippocampus, cingulate
gyrus) to provide more insight into metabolic change in the brain.
Investigators should ideally use longitudinal designs (testing at 1
week, 1 month, and 3-month intervals) to assist in understanding
the timeline of metabolic changes to TBI. Also, correlating metabolic
changes with clinical measures (levels of consciousness, cognitive
testing, and motor functions) would greatly improve understanding
of trauma physiology.®'’

In conclusion, our research indicates restricted but selective
metabolic changes in the thalamic area via proton MRS in the lower-
injury cohort during the early post-injury period. Proton magnetic
resonance spectroscopy is a useful, noninvasive biomarker for
assessing metabolic change and can serve as an early biomarker
for pre-intervention assessment in acute neurological treatment
development. Further research is needed on changes in trauma-
related metabolite levels to determine trauma severity and long-
term prognosis better.

Limitations

The current study had limitations, including a small sample size,
assessment of only the thalamic region, and a lack of clinical
correlations such as cognitive or neurological outcome scores.
Additionally, confounding factors such as stress, pain, and
medication history were not fully controlled. These limitations may
reduce the generalizability of our findings.

Conclusion

In adult individuals exposed to trauma, a significant increase in Cho
levels was observed in the thalamic region during the early phase
following injury. In contrast, no significant changes were detected
in the levels of NAA, Cr, ml, Lac, and Glx, or in metabolite ratios.
Proton MRS has the potential to noninvasively assess the early
metabolic effects of trauma on the central nervous system. It may
contribute to the early detection of trauma-related neurological
changes.

Our study demonstrates that the acute effects of trauma induce
limited and selective metabolic alterations in the thalamus. These
findings provide valuable information that may help plan early
intervention strategies.
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