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DESCRIPTION
The management of brain tumours, particularly high-grade 
gliomas, presents a complex clinical challenge one that extends 
well beyond initial treatment. In patients who undergo 
radiotherapy, distinguishing tumour recurrence from radiation 
necrosis remains a persistent and critical diagnostic dilemma. 
Both conditions may present similarly on conventional imaging, 
exhibiting contrast-enhancing lesions and peritumoral enema. 
Yet, the implications of each diagnosis diverge significantly: 
Tumour recurrence typically necessitates aggressive intervention, 
while radiation necrosis may benefit from conservative 
management or anti-inflammatory therapy.

In this context, advanced Magnetic Resonance Spectroscopy 
(MRS) has emerged as a powerful non-invasive tool for tissue 
characterization. Unlike standard anatomical MRI, which relies 
on morphological and contrast enhancement patterns, MRS 
provides metabolic information about brain tissue by detecting 
biochemical changes within the lesion. These metabolic profiles 
can reveal important clues about the cellular environment 
offering an avenue for differentiation between active tumour and 
post-treatment effects. At the core of MRS is its ability to 
measure concentrations of key brain metabolites such as choline 
(Cho), N-AcetylaspArtate (NAA), creatine (Cr), lactate, lipid and 
myo-inositol. In cases of tumour recurrence, an elevated choline-
to-NAA ratio is often observed, reflecting increased cellular 
proliferation and membrane turnover. Conversely, radiation 
necrosis typically shows decreased levels of all metabolites, 
particularly NAA and Cho, along with elevated lipid and lactate 
peaks a sign of cell membrane breakdown and necrotic 
processes.

Recent advances in multi-voxel MRS (chemical shift imaging) 
and high-field MRI systems (3T and 7T) have improved the 
spatial resolution and spectral quality of MRS, allowing for more 
accurate mapping of heterogeneous lesions. These improvements 
enable clinicians to visualize metabolic heterogeneity within a 
suspicious area and to distinguish viable tumour components 

from necrotic tissue. Such understands are particularly useful in 
borderline cases or when biopsy is high-risk or infeasible. 
Furthermore, combining MRS with other advanced MRI 
techniques such as Diffusion-Weighted Imaging (DWI), 
Perfusion-Weighted Imaging (PWI), and Arterial Spin Labelling 
(ASL) can enhance diagnostic accuracy. For example, perfusion 
imaging may show increased Cerebral Blood Volume (CBV) in 
recurrent tumours, while MRS adds a layer of metabolic 
specificity. The integration of multiple modalities is paving the 
way toward multipara metric MRI protocols, which hold great 
promise in neuro-oncology.

The incorporation of machine learning into MRS data analysis 
is also a noteworthy development. Algorithms trained on 
spectroscopic patterns from large datasets can now classify 
lesions with high sensitivity and specificity. These data-driven 
approaches not only assist radiologists in interpretation but also 
facilitate reproducibility and objectivity two essential 
components for clinical decision-making in neuro-oncology. 
However, challenges remain in translating MRS into widespread 
clinical practice. First, standardization of acquisition protocols 
across institutions is still lacking. Variations in voxel placement, 
magnetic field strength and post-processing methods can 
influence metabolite quantification, limiting comparability. 
Collaborative efforts are needed to establish standardized 
guidelines and consensus criteria for MRS interpretation.

Second, while advanced MRS is available in many academic 
centres in high-income countries, it is underutilized due to 
perceived technical complexity and lack of clinician familiarity. 
Radiologists and oncologists must be trained in the principles 
and clinical implications of MRS findings. Additionally, software 
improvements are required to make spectroscopic data more 
accessible and interpretable in routine workflows. Third, while 
biopsy remains the gold standard for diagnosis, it is invasive and 
not always feasible, particularly in eloquent brain areas. In this 
light, MRS can serve as a non-invasive surrogate or complement 
to histopathology, reducing patient risk and guiding treatment 
with greater confidence.
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better integrated into multipara metric imaging protocols, its
role in neuro-oncology is expected to expand significantly. With
proper standardization, clinician education and cross-
disciplinary collaboration, advanced MRS can move from a
specialized research tool to a mainstream diagnostic asset
improving outcomes and precision in brain tumour care. The
future of brain tumour diagnostics lies not only in what we see,
but in what we can biochemically detect and MRS is uniquely
positioned at that frontier.
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CONCLUSION
Advanced MRI spectroscopy is redefining how clinicians 
approach the evaluation of post-treatment brain lesions. By 
providing unique understanding into the metabolic makeup of 
tissue, MRS offers a non-invasive, reliable and clinically valuable 
method for differentiating tumour recurrence from radiation 
necrosis a distinction that critically informs prognosis and 
treatment planning. As the technology matures and becomes
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