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ABSTRACT

Introduction: Magnetic Resonance Spectroscopy (MRS) is a non-invasive imag-
ing modality used to quantify brain metabolites, aiding in the diagnosis of neuro-
logical disorders. Optimization of acquisition parameters, especially Repetition
Time (TR) and Echo Time (TE), is critical for enhancing signal-to-noise ratio
(SNR) and metabolite detection.
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(Email: Sumittyagi50@gmail.com) Method: This six-month study involved 100 participants undergoing brain MRS
at two tertiary care centers. MRS examinations were performed using a 1.5 Tesla
scanner with single-voxel PRESS sequences. TR values (1500-2000 ms) and TE
values (30 ms, 144 ms) were varied systematically to assess their impact on
SNR, spectral resolution (FWHM), and metabolite detection. Statistical analysis

included ANOVA and correlation studies.

Results: Longer TR values significantly improved SNR (12.3 + 1.8 at TR = 1500
ms vs. 14.7 £ 2.1 at TR = 2000 ms; p <0.001). Higher TE values enhanced spec-
tral resolution (FWHM: 0.050 + 0.005 ppm at TE = 30 ms vs. 0.045 + 0.004 ppm
at TE = 144 ms; p <0.01). Diagnostic accuracy was highest for brain tumors
(90%). TR and SNR showed a strong positive correlation (r = 0.851; p <0.001).
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Conclusion: Optimized TR and TE values significantly enhance metabolite quanti-
fication and diagnostic accuracy in MRS, particularly for brain tumors and neuro-
degenerative diseases.
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INTRODUCTION

Magnetic Resonance Spectroscopy (MRS) has emerged
as a vital non-invasive imaging modality for the biochem-
ical assessment of brain tissue. Unlike conventional MRI,
which provides anatomical details, MRS enables the
quantification of metabolites such as N-acetylaspartate

(NAA), choline, creatine, lactate, and myo-inositol, offer-
ing unique insights into brain physiology and pathology.
This makes MRS particularly valuable in the diagnosis
and monitoring of neurological disorders, including brain
tumors, neurodegenerative diseases, and metabolic dis-
orders.[1]
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The accuracy and reliability of MRS heavily depend on
the optimization of its acquisition parameters, among
which Repetition Time (TR) and Echo Time (TE) play a
critical role. TR, the time between successive pulse se-
quences, and TE, the interval between the application of
the excitation pulse and signal acquisition, significantly
influence the quality, signal-to-noise ratio (SNR), and
metabolic information captured during MRS. Selecting
appropriate TR and TE values is crucial for enhancing
the detection of specific metabolites and minimizing
overlapping signals or noise.[2]

The brain presents unique challenges for MRS optimiza-
tion due to the complex biochemical environment and
the need for high spectral resolution. While long TR and
short TE are generally preferred for maximizing SNR and
metabolite detection, the optimal settings vary depend-
ing on the target metabolites, clinical application, and
scanner specifications. Despite advancements in MRS
technology, the lack of standardized protocols often
leads to inconsistent results, underscoring the need for
detailed investigations into parameter optimization.[3]

This study aims to evaluate the role of TR and TE in op-
timizing brain MRS protocols. By systematically analyz-
ing the impact of these parameters on spectral quality
and metabolite quantification, this research seeks to
provide evidence-based recommendations for improving
the diagnostic utility of MRS in clinical and research set-
tings. This optimization not only enhances the accuracy
of brain metabolite assessment but also broadens the
clinical applications of MRS, paving the way for its inte-
gration into routine neuroimaging protocols.

MATERIALS AND METHODS

This study was conducted over a period of 6months, in-
volving 100 participants undergoing brain Magnetic Res-
onance Spectroscopy (MRS) for various clinical indica-
tions. The study was carried out at two tertiary
healthcare centers: Santosh Hospital, Ghaziabad, and
Saraswati Institute of Medical Sciences, Anwarpur, Ha-
pur. Ethical clearance was obtained from the institutional
ethics committees of both centers, and written informed
consent was secured from all participants.

Participants included in the study were patients suspect-
ed of having neurological disorders such as brain tu-
mors, neurodegenerative conditions, metabolic abnor-
malities, or other brain pathologies requiring MRS evalu-
ation. The inclusion criteria encompassed individuals
aged 18-75 years, with no contraindications to MRI
(e.g., metallic implants or claustrophobia). Patients with
significant motion artifacts or incomplete MRS data were
excluded from the analysis.

All MRS examinations were performed using a 1.5 Tesla
MRI scanner with a standard single-voxel PRESS (Point
Resolved Spectroscopy) sequence. Repetition Time (TR)
and Echo Time (TE) were systematically varied to opti-
mize metabolite detection. The TR values ranged from
1500 ms to 2000 ms, while TE values were tested at 30
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ms and 144ms to assess their impact on signal-to-noise
ratio (SNR) and spectral resolution. Metabolites of inter-
est, including N-acetylaspartate (NAA), choline, creatine,
lactate, and myo-inositol, were quantified, and their visi-
bility and spectral quality were analyzed under different
TR and TE settings.

Data were collected in a standardized manner, and spec-
tral quality was evaluated by assessing the full width at
half maximum (FWHM) and SNR. Comparative analysis
was performed to determine the optimal TR and TE val-
ues for enhanced detection of key brain metabolites.
Statistical analysis included descriptive statistics for
baseline characteristics and paired t-tests or ANOVA to
compare spectral quality across different parameter set-
tings, with a p-value <0.05 considered statistically signif-
icant. This study approved by the ethical committee of
Santosh Deemed to be University, Ghaziabad, NCR Delhi.
(Letter No. SU/R/2024/1548[17] Dated 07-06-2024.)

This study aimed to identify the most effective TR and
TE combinations for optimizing brain MRS protocols,
thereby improving its diagnostic utility in clinical prac-
tice. The findings are expected to contribute to the
standardization of MRS protocols, ensuring consistent
and accurate metabolite detection in neurological condi-
tions.

RESULTS

The demographic and clinical characteristics of the study
population are summarized in Table 1. The mean age of
the participants was 44.8 + 13.2 years. Regarding gen-
der distribution, 57% of the participants were male, and
43% were female. The primary indications for MRS in-
cluded brain tumors (57%), neurodegenerative diseases
(29%), metabolic disorders (19%), and other conditions
(8%). These data provide a comprehensive overview of
the study population's demographic and clinical profiles.

Table 1: Demographic and Clinical Characteristics of
the Study Population

Variable Cases
Age (years) (Mean * SD) 448 +£13.2
Gender
Male 57
Female 43
Indications for MRS
Brain Tumour 57
Neurodegenerative Disease 29
Metabolic Disorder 19
Other 8

Table 2: Spectral Quality (SNR) Across Different TR
Values

TR (ms) Mean SNR £ SD p-value
1500 12.3+1.8
2000 147 + 2.1 <0.001

The analysis of spectral quality, measured in terms of
signal-to-noise ratio (SNR), revealed a significant im-
provement with increasing Repetition Time (TR).
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Table 3: Spectral Resolution (FWHM) Across Different
TE Values

TE (ms) Mean FWHM (ppm) £ SD p-value
30 0.050 £ 0.005 <0.01
144 0.045 £ 0.004

Table 4: Detection Rate of Metabolites Under Different
TR and TE Combinations

Metabolite TR TR TE\ TE
1500 ms 2000 ms 30 ms 144ms
NAA 87% 96% 91% 98%
Choline  73% 86% 79% 91%
Creatine 71% 82% 84% 89%
Lactate 54% 62% 64% 74%

Table 5: Comparison of Diagnostic Accuracy for Neuro-
logical Conditions Based on Optimized TR and TE

Condition Sensitivity Specificity Accuracy
Brain Tumors 92% 87% 90%
Neurodegenerative Diseases 89% 86% 87%
Metabolic Disorders 83% 81% 82%

Table 6: Statistical Correlation Between Parameter Set-
tings and Metabolite Detection

Parameter Correlation Coefficient (r) p-value
TR and SNR 0.851 <0.001
TE and FWHM -0.789 <0.001

At a TR of 1500 ms, the mean SNR was 12.3 + 1.8,
which progressively increased to 14.7 + 2.1 at 2000 ms,
the differences in SNR across the TR values were statis-
tically significant (p < 0.001, ANOVA). This trend indi-
cates that longer TR values result in enhanced SNR, like-
ly due to improved relaxation time for tissue signal re-
covery.

The spectral resolution, assessed by the Full Width at
Half Maximum (FWHM) in parts per million (ppm), im-
proved significantly with increasing Echo Time (TE). At a
TE of 30 ms, the mean FWHM was 0.050 £ 0.005 ppm,
which decreased to 0.045 = 0.004 ppm at 144 ms. The
observed differences in FWHM across these TE values
were statistically significant (p <0.01).

The detection rates of various metabolites under differ-
ent TR and TE combinations are detailed in Table 4. For
NAA, the detection rate improved from 87% at TR 1500
ms to 96% at TR 2000 ms and increased further from
91% at TE 30 ms to 98% at TE 144 ms. Similarly, Choline
detection showed a marked improvement from 73% at
TR 1500 ms to 86% at TR 2000 ms and from 79% at TE
30 ms to 91% at TE 144 ms. For Creatine, the rates in-
creased from 71% at TR 1500 ms to 82% at TR 2000 ms
and from 84% at TE 30 ms to 89% at TE 144 ms. Lastly,
Lactate detection was the lowest among all metabolites
but still demonstrated an improvement from 54% at TR
1500 ms to 62% at TR 2000 ms and from 64% at TE 30
ms to 74% at TE 144 ms.
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These results indicate that optimizing both TR and TE
significantly enhances metabolite detectability, particular-
ly for NAA and choline. A TR of 2000ms and a TE of
144ms provide the most favourable conditions for accu-
rate and reliable metabolite detection in brain MRS.

Table 5 shows the diagnostic accuracy for various neu-
rological conditions based on optimized TR and TE pa-
rameters. For brain tumors, the sensitivity was 92%, the
specificity was 87%, and the overall accuracy reached
90%. Neurodegenerative diseases demonstrated slightly
lower values, with a sensitivity of 89%, specificity of
86%, and an accuracy of 87%. Metabolic disorders
showed the lowest diagnostic performance among the
three categories, with sensitivity, specificity, and accura-
cy recorded at 83%, 81%, and 82%, respectively. These
findings highlight the effectiveness of optimized TR and
TE in achieving high diagnostic precision across different
neurological conditions.

Table 6 shows the statistical correlation between param-
eter settings and metabolite detection. A strong positive
correlation was observed between TR and SNR, with a
correlation coefficient (r) of 0.851 and a highly signifi-
cant p-value of <0.001. Conversely, a strong negative
correlation was found between TE and FWHM, with r = -
0.789 and a similarly significant p-value of <0.001. Addi-
tionally, a moderate positive correlation was noted be-
tween TR and metabolite detection, with r = 0.653 and a
p-value of <0.01. These results underscore the signifi-
cant impact of parameter optimization on metabolite de-
tection accuracy.

DISCUSSION

Our study demonstrated that increasing the Repetition
Time (TR) significantly enhances the spectral quality, as
indicated by the signal-to-noise ratio (SNR). Comparing
our findings with previous studies, Kellman et al.
(2003)[4] noted that longer TR values could compensate
for SNR loss in parallel imaging techniques, emphasizing
the positive impact of TR on SNR.

Ebel and Maudsley (2003)[5] discussed improved spec-
tral quality in problematic brain regions using a modified
acquisition strategy but reported an SNR reduction by a
factor of 1.4-1.6 due to matrix size adjustments. Despite
this reduction, their results highlighted the importance of
balancing acquisition parameters for optimal spectral
outcomes. Our findings reinforce the need for parameter
optimization, showing that increasing TR within the spec-
ified range enhances spectral quality without compro-
mising SNR.

Jahanian et al. (2019) [6] compared functional connec-
tivity using short TR (350 ms) and standard TR (2000
ms) in rs-fMRI. While their study focused on functional
imaging rather than spectroscopy, they reported im-
proved signal-noise separation with longer TR, con-
sistent with our findings on SNR improvements.

Our study showed a significant improvement in spectral
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resolution (FWHM in ppm) with increasing Echo Time
(TE). While there is limited direct evidence in the litera-
ture comparing FWHM across TE values in brain spec-
troscopy, some studies show the importance of spectral
resolution in various contexts. Serdyuchenko et al.
(2014)[7] investigated ozone absorption cross-sections
with spectral resolutions ranging between 0.02-0.24 nm
(FWHM), emphasizing the importance of high spectral
resolution for accurate measurements. Similarly, Xu et
al. (2021)[8] achieved a high spectral resolution with an
FWHM of 0.1 A in an EUV spectrometer, highlighting ad-
vancements in resolution across different modalities.

In imaging modalities like ultrasound, Jing and Lindsey
(2020)[9] reported improvements in lateral FWHM,
demonstrating a decrease of up to 38.24% in simula-
tions, which underscores the critical role of FWHM in
enhancing imaging quality. These findings parallel our
observations in MRS, where lower FWHM indicates bet-
ter spectral clarity and resolution.

Our study highlights the crucial role of TR and TE opti-
mization in improving the detection rates of key brain
metabolites in MRS. These findings align with previous
studies that examined metabolite detectability across
varying MRS parameters. Short TE values (30-39 ms)
are widely recognized for their ability to reliably detect
NAA, Cho, Cr, and myo-inositol (ml), with coefficients of
variation for absolute metabolite concentrations ranging
from 3.3-4.0% in vitro and 3.8-6.4% in vivo (Schirmer &
Auer, 2000)[10] . Similarly, Chiu et al. (2013)[11] and
Wiedermann et al. (2001)[12] confirm the utility of short
TE in detecting a wide range of metabolites, including
lactate, under certain pathological conditions.

Longer TE values (136-144 ms) are preferable for iden-
tifying metabolites like lactate, which becomes more
prominent under these conditions (Duijn et al,
1992[13]; Sutton et al., 1992).[14] However, detection
of ml may be reduced at longer TE values (Alkan et al.,
2004;[15] Harris et al., 2007)[16]. TR values of 1500-
2000 ms, commonly used in MRS studies, provide relia-
ble quantification of major metabolites (Schirmer & Auer,
2000;[10] Schott et al., 2010)[17].

While most studies focus on general trends, our results
demonstrate that longer TR (2000 ms) and intermediate
to long TE values (144-288 ms) are particularly effective
for maximizing the detection rates of metabolites like
NAA and Cho, which are crucial markers of neuronal in-
tegrity and membrane turnover, respectively.

Our study shows that optimizing TR and TE values in
MRS protocols significantly improves diagnostic accura-
cy for neurological conditions. In comparison, other im-
aging modalities have shown variability in diagnostic ac-
curacy for similar conditions. Conventional MRI provides
high specificity (85.2-100%) for brain tumors but varia-
ble sensitivity depending on tumor type and grade (Julia-
Sapé et al, 2006).[18] Integration with diffusion-
weighted imaging has been shown to improve tumor
grading accuracy (Guzman-De-Villoria et al., 2014)[19].
Transcranial ultrasonography, while effective for detect-
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ing intracranial masses (sensitivity 97%, specificity 99%),
demonstrates limited utility for neurodegenerative dis-
eases, with sensitivity and specificity dropping to 80%
and 71%, respectively (Allen et al., 2023).[20]

FDG-PET, particularly with optimized statistical paramet-
ric mapping, has shown superior accuracy for neuro-
degenerative diseases, achieving a sensitivity of 96%
and specificity of 84% (Perani et al., 2014)[21]. This
technique excels in the differential diagnosis of condi-
tions like Alzheimer's disease and frontotemporal de-
mentia. High spatiotemporal resolution MRI has also
been explored, with gray matter specificity exceeding
96% and sensitivity above 75%, offering a promising ap-
proach for functional connectivity studies in neuropsy-
chiatric conditions (Tomasi et al., 2015).[22]

Our study reveals key correlations between parameter
settings and metabolite detection in brain MRS. Longer
Repetition Times (TR) enhance the Signal-to-Noise Ratio
(SNR), improving spectral quality for better metabolite
detection. Additionally, a strong negative correlation was
found between TE and FWHM, and a moderate positive
correlation was observed between TR and metabolite
detection.

These findings align with previous research on the im-
pact of MRS parameters on spectral quality and metabo-
lite detection. For instance, studies have demonstrated
that longer TR values improve SNR by allowing more
complete T1 relaxation, which enhances metabolite sig-
nals (Rizzo & Kreis, 2023) [23]. However, excessively
long TRs can increase scan times, necessitating a bal-
ance between improved detection rates and practical ac-
quisition times.

The inverse relationship between TE and FWHM ob-
served in our study is consistent with findings by Bartha
(2007)[24], who reported improved quantification accu-
racy for metabolites with smaller linewidths (8-14 Hz
FWHM) at TE = 46 ms at 4T. While shorter TEs enable
the detection of a broader range of metabolites, they can
also introduce spectral overlap, complicating signal dif-
ferentiation.

Advanced techniques further illustrate the interplay be-
tween TR, TE, and metabolite detection. For example,
Nassirpour et al. (2016) [25] demonstrated the use of
ultra-short TR sequences at 9.4T to reliably map multiple
metabolites within clinically feasible timeframes. Similar-
ly, Tsai et al. (2007)[26] employed Proton-Echo-Planar-
Spectroscopic-Imaging (PEPSI) to efficiently map me-
tabolite T2 values using short TRs and multiple TEs.

CONCLUSION

The study underscores the critical role of parameter op-
timization in Magnetic Resonance Spectroscopy (MRS)
for enhancing diagnostic accuracy and metabolite detec-
tion. Longer TR values significantly improve SNR and
metabolite visibility, while longer TE values enhance
spectral resolution by reducing FWHM. Optimized TR
and TE settings demonstrated robust diagnostic perfor-
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mance, particularly for brain tumors and neurodegenera-
tive diseases, achieving high sensitivity, specificity, and
accuracy. The findings highlight the importance of tailor-
ing MRS protocols to balance spectral quality, detection
efficiency, and scan time, paving the way for more relia-
ble clinical applications in diverse neurological condi-
tions.
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