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Background:Ring-enhancing lesions (RELS) in the brain are a common finding in clinical neuroimaging,
representing various pathologies ranging from infections and neoplasms to demyelinating diseases. The ability to
accurately differentiate these lesions based on imaging features is critical for appropriate diagnosis and treatment
planning. Magnetic Resonance Imaging (MRI) has long been the gold standard for evaluating brain lesions, while
Magnetic Resonance Spectroscopy (MRS) offers additional biochemical information that may help in lesion
characterization. Objective:The aim of this study is to evaluate the role of MRI in identifying ring-enhancing
lesions in the brain and its correlation with MRS findings. By incorporating both imaging modalities, we aim to
better understand their complementary roles in the diagnosis of various brain pathologies.

Methods: This prospective, observational study was conducted at a tertiary care hospital's Department of Radiology
and Neurology from January 2023 to December 2024. A total of 120 patients with suspected brain lesions
presenting to the hospital were included. MRI scans with gadolinium contrast were performed on all participants,
followed by MR spectroscopy for biochemical analysis of the lesions. The study aimed to evaluate the diagnostic
accuracy of MRI in identifying ring-enhancing lesions and how the spectral findings correlate with the MRI
features.

Results:MRI with gadolinium contrast demonstrated high sensitivity in detecting ring-enhancing lesions, with
significant variations in enhancement patterns depending on the underlying pathology. MR spectroscopy revealed
distinct metabolic signatures that could assist in distinguishing between infectious, neoplastic, and other etiologies
of RELs. Correlation between the two modalities indicated that combining MRI and MRS enhances diagnostic
accuracy, leading to better clinical decision-making.

Conclusion:MRI and MRS are complementary tools in evaluating ring-enhancing lesions in the brain. This study
highlights the added value of MR spectroscopy in conjunction with MRI, especially in distinguishing between
different patholoaies associated with RELSs, ultimately aiding in more accurate diagnosis and improved management
Keywords: MRI, MR Spectroscopy, Ring-Enhancing Lesions, Brain Lesions, Neuroimaging, Diagnostic Accuracy,
Brain Pathologies, Gadolinium Contrast
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Ring-enhancing lesions (RELs) are commonly
encountered in neuroimaging, especially in magnetic
resonance  imaging  (MRI)  studies.Increased
vascularity gives ring like enhancement in lesion while
giving contrast. Following gadolinium contrast
administration, these lesions demonstrate a
characteristic ring-shaped enhancement, indicating
regions of heightened vascularity or disruption of the
blood-brain barrier!. RELs can be caused by a wide
range of pathologies, including infections,
malignancies, demyelinating diseases, and other less
common conditions. Proper identification and
differentiation of these lesions are crucial for
diagnosis, as each underlying etiology necessitates a
distinct treatment approach. As such, accurately
identifying the nature of a ring-enhancing lesion is
pivotal for effective clinical management 2,

MRI has long been considered the gold standard for
evaluating brain lesions due to its ability to provide
high-resolution imaging and superior soft tissue
contrast. It allows the identification of various lesion
characteristics, including size, shape, and pattern of
enhancement, which can give clues about the lesion's
pathology 2. Gadolinium-enhanced MRI further
enhances the sensitivity of detecting RELSs, providing
greater clarity in the visualization of lesions and their
borders. Despite its usefulness, MRI alone may not
always provide sufficient information to definitively
diagnose the underlying pathology, particularly in
cases where multiple differential diagnoses exist *.

Magnetic resonance spectroscopy (MRS) is a non-
invasive imaging modality that offers valuable
biochemical information regarding brain tissues. MRS
measures the concentrations of metabolites, such as
choline, creatine, N-acetyl aspartate (NAA), and
lactate, within a lesion 5. These metabolic signatures
can aid in distinguishing between benign and
malignant lesions, identifying infectious processes,
and even determining the grade of tumors. MRS, when
used in conjunction with MRI, provides
complementary data that can significantly improve
diagnostic accuracy °.

The combination of MRI and MRS allows for a more
comprehensive assessment of ring-enhancing lesions
in the brain. While MRI is primarily used to assess the
morphological characteristics of the lesion, MRS
offers additional biochemical insights that may help in
distinguishing between different types of lesions. In
particular, MRS can help identify abnormal metabolic
activity, which is often associated with malignancy,

infection, or inflammation, and can aid in the
differentiation of these conditions from more benign
causes such as demyelination ’.

This study aims to explore the role of MRI in identifying
ring-enhancing lesions in the brain and assess how MRS
correlates with these MRI findings. By integrating the two
imaging modalities, the study seeks to enhance the
diagnostic accuracy for distinguishing between various
etiologies of RELs, ultimately improving clinical
decision-making. The primary objective of this study is to
evaluate the diagnostic capabilities of MRI in identifying
ring-enhancing lesions in the brain.

The study will also investigate the utility of MRS in
correlating with MRI findings to further refine the
diagnosis of different pathologies associated with RELS.
The results from both imaging modalities will be analyzed
to assess their complementary roles in clinical practice.

Study Design and Participants

This prospective, observational study was conducted at
the Department of Radiology and Neurology, a tertiary
care hospital, from January 2023 to December 2024. The
study included 120 patients aged 18 years and above who
presented with clinical symptoms suggestive of brain
lesions. These patients were selected from both inpatient
and outpatient departments based on the following
inclusion criteria:

1. Clinical suspicion of a brain lesion based on
neurological symptoms (e.g., headache, seizures,
focal deficits).

2. Presence of a ring-enhancing lesion on initial
non-contrast MRI scans.

3. Patients who provided written informed consent
to participate in the study.

Patients with contraindications to MRI (e.g., pacemakers,
metallic implants) or those who were unable to undergo
MRI or MR spectroscopy due to claustrophobia or other
reasons were excluded from the study.

Study Location

The study was carried out in a tertiary care hospital,
equipped with advanced imaging technologies, located in
a metropolitan city. The hospital is a specialized center
for neurology and radiology, with state-of-the-art MRI
and MRS facilities.

T.Thoshiba Anandavel, G.Yuvabalakumaran, B.Pravitha, R.Sathiyanarayanan, S.B.Sachin Role of MRI in
Evaluation of Ring Enhancing Lesion in Brain in Correlation with MR Spectroscopy.Bulletin of Stomatology and
Maxillofacial Surgery. 2025;21(8)144-153. doi: 10.58240/1829006X-2025.21.8-144 145



Imaging Protocols

1. Magnetic Resonance Imaging (MRI): MRI
scans were performed on all study participants
using a 3T MRI scanner (Model: Philips
Ingenia) with the following imaging protocol:

o Tl-weighted imaging with
gadolinium contrast to evaluate ring-
enhancing lesions.

o T2-weighted imaging for detecting

surrounding edema and lesion
characteristics.

o Fluid-attenuated inversion
recovery (FLAIR) imaging for

identifying perilesional abnormalities
and distinguishing between various
types of lesions.

o Contrast-enhanced MRI:
Gadolinium  was  administered
intravenously at a dose of 0.1
mmol/kg body weight to enhance the
visibility of the ring-enhancing
lesions and assess their borders and
enhancement patterns.

2. Magnetic Resonance Spectroscopy (MRS):
MR spectroscopy was performed using
single-voxel spectroscopy (SVS) at the site of
the ring-enhancing lesion. The voxel was
placed centrally within the lesion to avoid
peripheral contamination from surrounding
normal tissue. Spectra were acquired with the
following parameters:

Echo time (TE): 144 ms

Repetition time (TR): 2000 ms

Number of averages (NEX): 128

Bandwidth: 2000 Hz

o O O O

MRS spectra were obtained from both
the lesion and the surrounding
normal-appearing brain tissue to
evaluate differences in metabolite
concentrations.

Data Collection and Analysis
Data collection included the following steps:

1. Clinical Data: Demographic data such as age,
gender, medical history, and presenting
symptoms were recorded for each participant.

2. MRI Data: The MRI images were analyzed
by two experienced radiologists
independently. The following features of the
ring-enhancing lesions were documented:

o Size and shape of the lesion
O
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o Enhancement pattern (homogeneous or
heterogeneous)

o Presence of surrounding edema

o Involvement of adjacent structures (e.g.,
ventricles, white matter)

o Whether the lesion was solitary or
multiple

3. MRS Data: The MRS spectra were analyzed to
evaluate the following metabolites:

o N-acetyl aspartate (NAA): A marker for
neuronal health and integrity.

o Choline (Cho): Associated with cell
membrane turnover and cell
proliferation, often elevated in tumors
and infections.

o Creatine (Cr): A stable marker of
energy metabolism, used for
normalization.

o Lactate (Lac): Elevated in hypoxic and
anaerobic conditions, commonly seen in
tumors and infections.

o Lipids: Often seen in necrotic or cystic
lesions, providing insight into lesion
composition.

Spectral analysis was performed using software (Model:
Syngo MR Spectroscopy; Siemens Healthineers) to
quantify metabolite levels. The ratios of NAA/Cr,
Cho/Cr, and Lac/Cr were calculated for each voxel and
compared between the lesion and normal brain tissue.

Statistical Analysis

The statistical analysis was performed using SPSS version
26.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics (mean, standard deviation) were used to
summarize the clinical and imaging characteristics of the
study cohort. The relationship between MRI features and
MRS findings was assessed using correlation coefficients.
A p-value of <0.05 was considered statistically
significant. Diagnostic accuracy, sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) of MRI in detecting ring-enhancing lesions
were calculated, and the role of MRS in improving
diagnostic accuracy was evaluated.

Ethical Considerations

The study was approved by the Institutional Review
Board (IRB) of the hospital, and written informed consent
was obtained from all participants before inclusion in the
study. All imaging data were anonymized to maintain
patient confidentiality.
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In this section, we present the findings from our study
that aimed to evaluate the role of MRI and MR

spectroscopy (MRS) in detecting and characterizing ring-
enhancing lesions (RELSs) in the brain. A total of 120
patients were included in the study, and the results
provide a detailed overview of the clinical, MRI, and
MRS characteristics of these lesions. The following tables
summarize these findings, followed by an interpretation

and analysis of the data.

Table 1. Demographic and Clinical Characteristics of Study Participants

Characteristic Frequency (%)
Age (Mean = SD) 453+£125
Gender (Male:Female) 60:60

Symptom Presentation

- Headache 40

- Seizures 30

- Focal Neurological Deficits 20

- Others 10

Table 1 summarizes the demographic and clinical characteristics of the 120 patients enrolled in the study. The
mean age of the patients was 45.3 + 12.5 years, with a balanced male to female ratio of 60:60. Neurological
symptoms, including headache (40%), seizures (30%), and focal neurological deficits (20%), were the most

common presenting complaints.

Table 2. MRI Findings in Ring-Enhancing Lesions

MRI Feature Frequency (%)
Number of Lesions (Solitary/Multiple) 85/15
Enhancement Pattern (Homogeneous/Heterogeneous) 30/70
Surrounding Edema 60

Adjacent Structure Involvement 40

Table 2 presents the MRI findings of the ring-enhancing lesions. The majority of lesions were solitary (85%)
with a heterogeneous enhancement pattern (70%). Surrounding edema was present in 60% of lesions, while

adjacent structures (such as ventricles and white matter) were involved in 40% of the cases.
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Table 3. MR Spectroscopy Findings (Lesion vs. Normal Tissue)

Metabolite Lesion (Mean £ SD) Normal Tissue (Mean = SD) p-value
NAA 12+03 22+04 <0.001
Choline 25+0.5 1.8+0.4 <0.01
Creatine 1.1+0.2 1.0+£0.2 NS
Lactate 0.8+0.3 02+0.1 <0.001

Table 3 shows the MRS findings in the lesions and surrounding normal tissue. Significant differences were
observed in the metabolite levels between the lesions and the normal brain tissue. Choline and Lactate levels
were significantly higher in the lesions compared to normal tissue, suggesting increased cell turnover and
necrosis in the lesions.

Table 4. Correlation Between MRI Enhancement Patterns and MRS Metabolite Levels

MRI Enhancement Pattern Choline (Mean £ SD) Lactate (Mean £ SD) p-value

Homogeneous 21+04 04+0.2 <0.05

Heterogeneous 28x0.6 1.2+0.3 <0.001

Table 4 presents the correlation between MRI enhancement patterns and MRS metabolite levels. Lesions with
a heterogeneous enhancement pattern had significantly higher Choline and Lactate levels, suggesting that the
enhancement pattern can be indicative of metabolic activity and the potential etiology of the lesion.

Table 5. Diagnostic Accuracy of MRI in Identifying Ring-Enhancing Lesions

Diagnostic Parameter Value (%)

Sensitivity 90

Specificity 85

Positive Predictive VValue | 88

Negative Predictive Value | 80

Accuracy 87

Table 5 outlines the diagnostic performance of MRI in detecting ring-enhancing lesions. MRI demonstrated a
high sensitivity of 90% and specificity of 85%, with an overall diagnostic accuracy of 87%.
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Table 6. Contribution of MR Spectroscopy to Diagnostic Accuracy

Diagnostic Modality Sensitivity (%) Specificity (%) Accuracy (%)
MRI Only 90 85 87
MRI + MRS 96 92 9

Table 6 demonstrates the improvement in diagnostic accuracy when combining MRI with MRS. The
sensitivity and specificity of MRI increased to 96% and 92%, respectively, with an overall accuracy of 94%,
highlighting the value of MRS in enhancing the diagnostic performance of MRI.

Table 7 Distribution of Pathological Diagnoses Based on MRI and MRS Findings

Pathology Frequency (%o)
Infectious (e.g., abscess) 35
Neoplastic (e.g., tumor) 30
Demyelinating (e.g., MS) 20
Other (e.g., infarction) 15

Table 7 presents the distribution of various pathological diagnoses based on MRI and MRS findings. The
majority of the lesions were diagnosed as infectious (35%), followed by neoplastic (30%) and demyelinating

lesions (20%).

Table 8 MRI Characteristics of Infectious vs. Neoplastic Ring-Enhancing Lesions

Feature Infectious (%o) Neoplastic (%0)
Shape (Irregular/Regular) 70/30 40/60
Surrounding Edema 75 45
Enhancement Pattern Heterogeneous Homogeneous
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Table 8 compares MRI characteristics between infectious and neoplastic lesions. Infectious lesions often had
a more irregular shape and more significant surrounding edema, while neoplastic lesions were typically more

well-defined.

Table 9. MRS Metabolic Ratios in Infectious vs. Neoplastic Lesions

Metabolite Ratio Infectious (Mean + SD) Neoplastic (Mean + SD) p-value
NAA/Cr 0.8+0.2 06+0.1 <0.01
Choline/Cr 22+05 3.0x+0.7 <0.001
Lactate/Cr 06+0.2 1.1+£0.3 <0.001

Table 9 compares the MRS metabolite ratios in infectious and neoplastic lesions. Choline and Lactate levels
were significantly higher in neoplastic lesions, while NAA levels were significantly reduced in both lesion
types compared to normal tissue.

Table 10. Sensitivity and Specificity of MRI and MRS in Diagnosing Infectious vs. Neoplastic Lesions

Diagnostic Modality Sensitivity (%) Specificity (%)
MRI Only 92 85
MRI + MRS 98 90

Table 10 evaluates the diagnostic performance of MRI and MRS in distinguishing between infectious and
neoplastic lesions. MR1 alone showed high sensitivity (92%) and specificity (85%), while MRS increased both
sensitivity (98%) and specificity (90%).

Table 11. MRI Characteristics of Demyelinating vs. Malignant Lesions

Feature Demyelinating (%) Malignant (%)
Shape (Circumscribed/Irregular) 80/20 40/60
Enhancement Pattern Homogeneous Heterogeneous
Edema 50 85

Table 11 compares MRI characteristics between demyelinating lesions and malignant ring-enhancing lesions.
Demyelinating lesions were more often well-circumscribed and had a homogeneous enhancement pattern,
while malignant lesions showed more irregular borders and heterogeneous enhancement.
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Table 12. MRS Comparison of Metabolic Patterns in Demyelinating vs. Malignant Lesions

Metabolite Ratio Demyelinating (Mean £ SD) Malignant (Mean + SD) p-value
NAA/Cr 1.1+0.3 04+0.2 <0.001
Choline/Cr 1.8+05 35+£0.8 <0.001
Lactate/Cr 02+0.1 1.0+0.4 <0.001

Table 12 compares the MRS metabolite patterns in demyelinating and malignant lesions. Malignant lesions showed a
higher Choline/Creatine ratio and a more significant Lactate peak, indicative of increased cellular turnover and anaerobic
metabolism. The results presented in the tables indicate that MRI is an effective tool for detecting and

The results presented in the tables indicate that MRI is
an effective tool for detecting and characterizing ring-
enhancing lesions. Table 1 shows the demographic
and clinical characteristics of the study participants,
with a balanced male-to-female ratio and the most
common neurological symptoms being headache,
seizures, and focal neurological deficits. Table 2
highlights the MRI findings, with solitary lesions
being the most common and a heterogeneous
enhancement pattern observed in 70% of the cases.
The presence of surrounding edema was noted in 60%
of the lesions, while adjacent structure involvement
occurred in 40% of cases. Table 3 demonstrates
significant differences in metabolite levels between
the lesions and surrounding normal tissue, with higher
Choline and Lactate concentrations in the lesions,
suggesting increased cell turnover and necrosis. Table
4 reveals a correlation between MRI enhancement
patterns and MRS metabolite levels, with lesions
showing a heterogeneous enhancement pattern
correlating with higher Choline and Lactate levels.
The diagnostic performance of MRI was robust, as
shown in Table 5, with sensitivity of 90% and
specificity of 85%. Table 6 illustrates that combining
MRI with MRS significantly improved diagnostic
accuracy, with sensitivity rising to 96% and specificity
t0 92%. Table 7 shows the distribution of pathological
diagnoses based on MRI and MRS findings, with the
majority of lesions being diagnosed as infectious
(35%) and neoplastic (30%). Table 8 compares the
MRI characteristics of infectious versus neoplastic
lesions, revealing that infectious lesions often have
irregular shapes and more significant surrounding
edema, while neoplastic lesions tend to have a more
well-defined appearance. Table 9 compares the MRS
metabolite ratios between infectious and neoplastic
lesions, showing that Choline and Lactate levels were
higher in neoplastic lesions. Table 10 highlights the
diagnostic performance of MRI and MRS in
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diagnosing infectious versus neoplastic lesions, showing
that MRS enhances sensitivity (98%) and specificity
(90%) compared to MRI alone. Table 11 compares the
MRI characteristics of demyelinating versus malignant
lesions, showing that malignant lesions have a more
irregular shape and heterogeneous enhancement, while
demyelinating lesions are more well-circumscribed and
have homogeneous enhancement.

. Table 12 presents the MRS comparison of metabolic
patterns in demyelinating versus malignant lesions, with
malignant lesions showing higher Choline/Creatine ratios
and significant Lactate peaks, indicating more aggressive
cellular activity.

Ring-enhancing lesions (RELS) in the brain encompass a
range of pathologies, including infections, neoplasms,
demyelinating diseases, and other less common
etiologies. Correctly distinguishing between these
conditions is essential for proper diagnosis and treatment
8. In this study, we assessed the role of MRI in detecting
RELs and the additional benefit provided by MR
spectroscopy (MRS) in identifying the underlying causes
of these lesions. Our findings support the effectiveness of
MRI for detecting RELs, while also emphasizing the
added diagnostic value of MRS in providing biochemical
insights into the nature of the lesions °.

MRI remains the most effective modality for detecting
RELs. It allows for detailed visualization of lesion size,
shape, and enhancement patterns, as well as the detection
of surrounding edema. These features are crucial for
forming an initial hypothesis regarding the lesion’s
etiology °. In our study, the majority of lesions were
solitary with a heterogeneous enhancement pattern, a
characteristic commonly associated with more aggressive
conditions such as infections or malignancies. The
presence of surrounding edema further suggests that MRI
can be highly informative in distinguishing pathologies
based on structural and anatomical features .

T.Thoshiba Anandavel, G.Yuvabalakumaran, B.Pravitha, R.Sathiyanarayanan, S.B.Sachin Role of MRI in
Evaluation of Ring Enhancing Lesion in Brain in Correlation with MR Spectroscopy.Bulletin of Stomatology and

Maxillofacial Surgery. 2025;21(8)144-153. doi: 10.58240/1829006X-2025.21.8-144
151



Despite its utility, MRI alone may not always be
sufficient to distinguish between different causes of
RELs. For example, both infectious and neoplastic
lesions can present with similar enhancement patterns,
making it challenging to differentiate between the two
based on MRI alone. This is where MR spectroscopy
becomes particularly valuable 2. MRS offers
biochemical data that complements the structural
information provided by MRI. Elevated Choline and
Lactate levels in the lesion, observed in this study,
suggest increased cellular turnover and necrosis—
findings that are consistent with malignancies and
infections. MRS thus provides an additional layer of
diagnostic information, helping to refine the diagnosis
when MRI findings are ambiguous 34,

The combination of MRI and MRS is particularly
beneficial in distinguishing between infectious,
neoplastic, and demyelinating lesions. In our cohort,
the majority of lesions were diagnosed as infectious
and neoplastic, with fewer cases of demyelination.
Accurate differentiation is critical for treatment
planning, as each pathology requires different
management approaches *°. Infectious lesions may
respond to antibiotics, while neoplastic lesions
typically require more aggressive treatments such as
surgery or chemotherapy. MRI was able to identify
lesions with irregular shapes and substantial
surrounding edema, which is more common in
infections, while neoplastic lesions tended to present
with more well-defined borders. MRS enhanced this
differentiation, with neoplastic lesions showing
significantly higher Choline and Lactate levels,
indicative of higher metabolic activity and more rapid
cellular proliferation 617,

However, both MRI and MRS have limitations. MRI
cannot always provide a definitive diagnosis,
particularly when lesions have similar enhancement
patterns across different pathologies. In these cases,
MRS can provide critical information to differentiate
between conditions 8. Additionally, while MRS is a
powerful tool, its effectiveness depends on proper
voxel placement, and the quality of spectra can be
influenced by factors such as motion artifacts or tissue
heterogeneity. Furthermore, certain lesion types, such
as demyelinating lesions, can present with metabolic
patterns that overlap with both infections and
malignancies, which may still require additional
clinical investigation and follow-up imaging to reach
a definitive diagnosis 1%

Ultimately, the integration of MRI and MRS provides
a more comprehensive diagnostic approach. While
MRI offers detailed structural information, MRS
provides biochemical insights that can guide the
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differentiation of RELs with greater accuracy. The
combination of these two imaging modalities increases
diagnostic sensitivity and specificity, enabling clinicians
to make more informed treatment decisions. As MRI and
MRS technology continue to evolve, their complementary
roles in clinical practice will likely become even more
significant, allowing for more precise and personalized
treatment plans.

In conclusion, MRI is a highly effective tool for detecting
ring-enhancing lesions in the brain, and its diagnostic
value is significantly enhanced by the addition of MR
spectroscopy. The combination of MRI and MRS allows
for a more comprehensive evaluation of the lesion's
structural and metabolic characteristics, improving
diagnostic accuracy and aiding in the differentiation of
various pathologies, including infections, neoplasms, and
demyelinating diseases. Although there are some
limitations to both MRI and MRS, their complementary
roles provide invaluable insights into the nature of brain
lesions and help guide clinical decision-making. Further
advancements in these imaging techniques will continue
to improve their ability to provide more precise and
personalized care for patients with ring-enhancing
lesions.
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