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Abstract

Proton MR spectroscopy (H-MRS) is one of the ultrahigh MR imaging 
technique that has recently been used to evaluate the metabolic alterations 
of tissues, a molecular imaging approach, mostly depend upon the evaluation 
of in vivo molecular cells and tissues which allows in vivo molecular studies, 
inappropriate spatial resolution is one of the major shortcoming of this technique 
in the clinical practice.

The routine metabolites which are identified with short and long TE are: 
N-Acetyl Aspartate (NAA), Creatine (Cr), Choline (Cho), Lactate (Lac). Using 
short TE, some additional metabolites are identified such as; Lipids (lip), 
Glutamine and glutamate (Glx), Myo-Inositol (mI).

H-MRS was mostly performed for brain tumors, sleep apnea, epilepsy,breast 
lesions, thyroid nodules, prostatic tumors in order to aid and assist for diagnosis 
and planning of treatment.

Proton MR Spectroscopy can be combined to routine MR imaging in variable 
conditions by detecting metabolite alterations and measuring their resonance 
peak levels.
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MRI, the magnetic properties of atomic nucleus are the fundamentals 
for both methods. Various matters which have different electrical 
charges will have different velocities in a certain magnetic field which 
may provide the measurement of various metabolites [7-8].

The strength of the MR signal is directly proportional to the 
number of protons of that frequency in spectroscopy, spectroscopy 
can be described in the time domain, whereas MRS data is usually 
displayed in the frequency domain, area under a specific peak in 
the frequency domain is proportional to the number of protons, 
resonating at that certain frequency [8-9]. 

The frequency axis is proportional to the magnetic field strength 
so the peak locations on the axis will depend on the B0, due to the 
lack of natural tissue that shows zero frequency, substances are mixed 
to be measured with a reference but these reference materials are 
toxic and cannot be used in in-vivo spectroscopy. By this method, 
scientists express the frequency difference between the substance 
(that will be measured) and the reference as a non-dimension quality, 
quality value is represented by δcs (in parts per million) [9].Then this 
equation is used as follows;

δcs = f s / (f transmitter x 10-6 ) + offset

In this equation, f s represents the frequency of the sample, f 
transmitter shows the frequency of the transmitter and offset is the 
constant that references the ppm scale (in in-vivo standards). This 
standard is usually N-acetyl aspartate (NAA) (that has a chemical 
shift value of 2,01 ppm) peak for H-MRS [2-4,7-8]. MR spectrum 
(Figure 1) is obtained by using water supression and spectroscopic 
sequences as Point-Resolved Spectroscopy (PRESS), Stimulated Echo 
Acquisition Mode (STEAM) etc. In order to get optimized water 

Introduction
Proton MR spectroscopy (H-MRS) is one of the ultrahigh 

MR imaging technique that has recently been used to evaluate the 
metabolic alterations of tissues, at first, this technique is used for the 
assessment and interpretation of metabolic changes in the central 
nervous system, mainly for brain that has been used to observe 
metabolite changes for different intracranial pathologies such as 
tumors, multiple sclerosis, stroke, tuberculomas, epilepsy, metabolic 
and inherited brain disorders, and traumatic injuries, nowadays its 
clinical use and applications are widened, evolving thyroid, breast, 
prostate etc [1-4].

H-MRS is believed to be a molecular imaging approach, mostly 
depend upon the evaluation of in vivo molecular cells and tissues which 
allows in vivo molecular studies, inappropriate spatial resolution is 
one of the major short coming of this technique in the clinical practice 
[2-4]. H-MRS can be acquired as an additional pulse sequence to 
routine MRI sequences and contribute to a multimodality study of 
functional and metabolic information rather than morphologic tissue 
properties. It aids in the diagnosis, treatment, follow up and therapy 
response of patients especially against brain tumors, helps to achieve 
the best outcome of patients [2,3,5,6].

MR spectroscopy is an unlimited technique which indicates some 
certain metabolites in the metabolic spectrum and one has to know 
the normal metabolic position of a tissue before the interpretation of 
metabolic alterations inside it [5-6].

Fundamental Physical Principles of H-MRS
The physical principles of H-MRS are similar to conventional 
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saturation with consistent water resonance and water suppression 
pulses, automatic shimming of the linear x, y, z gradients have to be 
used for optimization of Field Of View (FOV) homogeneity, time 
domain data is multiplied with a Gaussian function of 90 (Centre 0, 
half width 256 ms), 2D Fourier transformed phase and with corrected 
base-line, quantified by means of frequency domain curve fitting 
with the assumption of a Gaussian line shape’’ by using system 
manufacturers [1,3,7,8]. Due to the magnetic field in homogeneities, 
shimming is required for H-MRS spectral data and the acquisition 
in which B0 field has to be performed as homogeneous as possible, 
use of high-channel shim coils and shimming of linear gradient coils 
aid in improved outcomes, particularly important at higher magnetic 
field strengths due to increase of induced susceptibility shifts with 
increased Tesla gradients [2,3,5,8-10]. 

Free flowing water molecule resonances have to be suppressed 
in order to obtain peak metabolite resonances, at first, water 
suppression involves a sum of three water-selective Radiofrequency 
(RF) pulses application, then acquisition of dephasing gradient pulses 
which inhibit and null the water peak resonance, water suppression 
is achieved by using 110°-120° RF pulses with selective inversion 
recovery and starting the measurement at zero point crossing of the 
water signal [3,8,9,11].

STEAM is composed of three 90-degree pulses to obtain a 
stimulated echo, whereas PRESS technique uses one 90-degree pulse 
and two 180-degree pulses for obtaining an echo [9-11].

STEAM can be performed with a very short echo time (TE), A 
precise voxel is created with this method and there is an incomplete 
recovery of signal, STEAM users aim to minimize power deposition 
via using high field (>3T) systems which can generate ultra short time 
of echo (<20 mseconds) [8-10].

PRESS can be performed with a long or a short TE which induce 
the complete recovery of signals. This technique provides double 
signal to noise ratio (SNR) when compared to the STEAM.

Single Voxel (SV) or Multi Voxel Techniques (MV) can be 
applied with either PRESS or STEAM for localization which is 
acquired in 3-5 minutes. Voxel positions are extremely important, 
some parts containing lipids- bone and air has to be avoided when 
choosing a place to locate the voxel. The main limitation for single 
voxel technique is the assessment of only one single area during an 
acquisition [9]. 

Multivoxel technique enables to re-position of a number of voxels 
simultaneously, MV technique can be performed as a 2D or 3D, by 

using MV technique, the contra lateral side and extension of lesions 
can be assessed more accurately. 

Metabolites in H-MRS
The routine metabolites which are identified with short and long 

TE are: N-Acetyl Aspartate (NAA), Creatine (Cr), Choline (Cho), 
Lactate (Lac). Using short TE, some additional metabolites are 
identified such as; Lipids (lip), Glutamine and glutamate (Glx), Myo-
Inositol (mI) (1,8,11-14).

For MR spectrum, 0 to 4.35 ppm is analysed. Metabolite signal 
peaks are observed as follows; N-Acetyl Aspartate (NAA) at 2 ppm, 
Choline (Cho) at 3.2 ppm, Glutamate (Glt) and Glutamine (Glx) at 
2.45 ppm, Creatine (Cr) at 3-3.1 ppm, Phosphocreatine (Cr2) at 3.8- 
3.9 ppm, , Glycine and or Myo-Inositol (Gly-MI) at 3.6-3.75 ppm, 
Lipids (Lip) at 0.9-1.3 ppm, Lactate (Lac) at 1.3-1.4 ppm [1,6,12-14]. 

NAA is the marker of neuronal viability, Cho is a component of 
phospholipid metabolism that shows cellular membrane turnover and 
reflects cellular proliferation, Cr is the marker of cerebral metabolism 
and is used as an internal reference, mI is a very important osmolyte 
and plays a role in the regulation of cell volume, this metabolite is 
also a glial marker of astrocytes and a product of myelin degredation 
[4,9,14]. Lac shows anaerobic glycolysis and lip indicates disruption 
or necrosis of myelin sheath, In addition, some other metabolites 
as alanine (Ala) (especially in the diagnosis of menengiomas), Glx 
(for depiction of chronic hepatic encephalopathy and hypoxic 
encephalopathy), succinate (used in the diagnosis of abcess) etc. may 
aid the clinical diagnosis [14].

In the former studies, Cho/NAA and Cho/Cr ratios are mostly 
used to distinguish brain tumors from non-neoplastic disorders. 
As a general belief; Cho resonance is the best discriminator in the 
grading of cerebral gliomas, Cho peak obviously increases from 
low-grade to Glioblastome Multiforme (GBM) [1,6,7,14-18]. The 
other important index of distinguishing low-grade glial tumors 
from malignant gliomas, is the amount of lipids, resonance changes 
of NAA and Cr peaks have less potential in the determination of 
malignancy of cerebral tumors [1,14,15,17]. However, in addition to 
high-grade gliomas, metastases also yield extremely elevated Cho and 
significantly reduced NAA and Cr, Cho/ Cr and Cho/NAA ratios are 
also valuable in determining the malignancy of metastatic lesions [5-
12, 13, 16-18]. 

Brain Tumours and H-MRS 
Various types of non-neoplastic brain lesions: Infections, 

demyelinating lesions, ischemia etc. can be misdiagnosed as brain 
tumors, H-MRS may provide important data in the diagnosis of 
miscellaneous brain lesions which provides important information 
related to the cell proliferation, neuronal integrity, energy metabolism 
and necrotic transformation of brain or neoplastic tissues [1,8, 12-21]. 
This technique is especially used for the routine brain MR imaging in 
order to solve diagnostic problems such as differentiation of low and 
high grade tumors, neoplastic and non-neoplastic lesions, ischemia 
from low grade gliomas or discriminating the metastases from 
primary brain tumors, H-MRS has been used to study tumor biology, 
grade gliomas, biopsy procedures and plan treatment [14-21].

Aydin et al. (1) evaluated 62 patients (33 patients with intracranial 

Figure 1 : Normal H-MRS Spectrum obtained with 144 ms time of echo.
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mass and 29 patients with non-neoplastic brain lesions) by H-MRS. 
They reported that NAA/Cr ratio was extremely higher than tumor 
group, higher Cho/NAA and Cho/mI ratios with lower NAA/Cr 
ratios were most likely to be malignant. Besides, additional lipid and 
lactate peaks were generally seen in malignant group in this research. 
In the previous literature, they tried to analyze the efficacy of H-MRS 
in brain tumors and most of the authors used Cho/NAA, Cho/Cr 
ratios to differentiate brain tumors from non-neoplastic disorders 
[16,19-21]. Cho peak was extremely high in GBM group (Figure 2), 
in addition to high-grade gliomas, metastases were also assumed to 
have extremely increased Cho levels, significantly reduced NAA and 
Cr levels [1,14-21].

MR-Spectroscopy may also reveal reduced NAA without 
increased Cho and H-MRS findings may spare the patient from 
unnecessary biopsies [16,18-21]. Most of the authors indicated that 
Cho/NAA, Cho/Cr ratios were the valuable tools in the evaluation of 
malignancy of cranial neoplasms. Most of the former researches in 
the literature stated that Cho/NAA and Cho/Cr ratios increased from 
low grade to high-grade gliomas and these ratios were also extremely 
higher in metastases and primitive neuro-ectodermal tumors (PNET) 
[19-22]. 

In conclusion, H-MRS was a very important diagnostic tool, 
providing many important datas in assessment of brain lesions and 
researchers supply important informations to the relevant literature 
by using this advanced MRI technique. 

H-MRS in Thyroid Nodules
Majority of thyroid nodules are benign but have to be distinguished 

from rare malignant nodules, clinical examination, ultrasonography 
(US), radionuclide scintigraphy and fine needle aspiration biopsy 
(FNAB) are the common methods in the assessment of thyroid 
nodules [23-28]. US has been used as a first step for the evaluation of 
thyroid nodules, hypofunctional nodules diagnosed via scintigraphy 
may aid in the diagnosis of malignant thyroid nodules with a very 
low specificity [25]. Cytologic evaluation after FNAB is a reliable 
approach in order to distinguish malignant and benign nodules, 
reduces the number of diagnostic thyroidectomies performed for 

uncharacterized thyroid lesions and increases the complete initial 
surgical treatment for malignant thyroid nodules [25-26]. However, 
the results of FNAB in multinodular goiter may not be as reliable 
as in solitary nodules, up to 80% of thyroid carcinomas may not be 
detected by FNAB in most patients with multinodular goiter and also 
false-negative results cannot be avoided totally [25,26,29,30]. Routine 
MRI sequences (T1 and T2 weighted) has also a limited role in the 
assesment of thyroid nodules [25, 30-31]. 

H-MRS has been used in various regions of the body, but 
unfortunately neck region may cause technical difficulties such as 
shimming and subject motion for in vivo spectroscopy. Literature 
about H-MRS of thyroid lesions is very limited due to the technical 
difficulties of spectroscopic acquisitions of the thyroid and neck, 
Swallowing and breathing may cause motion artefacts, shimming 
difficulties may arise from large magnetic susceptibility differences 
between air in the trachea and the neck, contamination of spectra by 
adjacent fat is possible [32,33]. 

King et al. [27] showed Cho peaks in 87% of thyroid carcinomas, 
reported mean Cho/Cr ratio of about 4.3- 5.4, they also showed that 
no Cho and Cr peaks were detected in the normal thyroid tissue at 1.5 
T in their research. Gupta et al. [30] presented 88.8% sensitivity and 
100% specificity of H-MRS with correspondence to the Cho peak in 
eight malignant nodules, but in two benign colloidal nodules, they 
also indicated significant Cho peak (80% positive predictive value and 
100% negative predictive value). 

We stated that malignant nodules had significantly higher Cho/
Cr ratios than the benign nodules, revealed 92.3% sensitivity and 
100% specificity of Cho/Cr ratio for the depiction of malignancy [34]. 

As a result, H-MRS has technical difficulties like motion artifacts, 
shimming difficulties and contamination of spectra by adjacent fat 
but technical developments of H-MRS sequences with advanced 
coils in the field of ≥3T MRI can overcome these disadvantages and 
provide really important information for thyroid nodules’ malignancy 
[27,28,30,34].

H-MRS in Breast Imaging
H-MRS can be performed as a complementary technique to breast 

MR imaging and usually performed with single-voxel technique 
[35,38]. Breast MRI has an increasing role in the identifications of 
lesions and determine the extent of disease [39-41]. The architectural 
assessment and dynamic contrast uptake are the pathognomonic 
measures for breast MR interpretation, additional metabolic measures 
may be efficient with MR Spectroscopy and it provides biochemical 
measuremants of tumor metabolism [37,38,39,41]. 

Previous researchers had reported sensitivities of 70-100% and 
specificities of 67-100% for H-MRS in the application upon breast 
lesions. They all suggested that H-MRS might supplement breast MR 
imaging, reducing the number of biopsies especially in the diagnosis 
of benign ones [36].

Aydin et al. used single voxel spectroscopic technique for lesion 
characterization to confirm benign and malignant BI-RADS 3 and 4 
lesions, predicted 89% sensitivity and 60% specificity for all BI-RADS 
3 and 4 masses with H-MRS in terms of presence of choline in the 
lesions [87].

Figure 2 : Metabolite peaks in high grade glial tumour.
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In the previous reports, many authors presented that the voxel 
size differences among tumors could contribute and influence the 
results of H-MRS as they could not use the voxel sizes lower than 10 
mm3 due to technical problems [36,38,42]. The elevation of composite 
choline levels about the threshold of choline signal-to noise ratio 2 or 
more, was used to discriminate between benign and malignant breast 
masses, Elevated levels of choline metabolites had been reported in 
many studies of excised human breast tumors [37-39]. 

The use of long echo times (≥135 msec.) led to an improved 
visibility of the choline compounds in the spectra because of a 
decreased overlap with the lipid signal that had no diagnostic value 
in breast tumours. Thus, breast H-MRS examination should be 
performed with a long echo time (135-270 msec.) to increase the 
visibility of composite choline signal [41-42]. 

Joe et al showed that there were changes in the linewidth, increase 
of 15-21% and area and decrease of 11-18% of the Cho peak in the same 
subjects with pre and postinjection of gadodiamide [42]. Lenkinski 
et al [43] reported that negatively charged chelates; gadopentetate 
dimeglumine, gadobenat dimeglumine, gadoterate meglumine 
broadened the Cho peak and reduced the area of Cho peak in vivo 
by an average of 40%, recommended to use neutral chelates such as 
gadodiamide, gadoversetamid, gadoteridol and gadobutrol in MRI/
MRS studies of the breast, as they had smaller changes in the Cho 
peak after the administration of contrast agent in vivo studies and the 
effect of such gadolinium-based neutral contrast agents on the MR-
spectra was negligible.

H-MRS can be performed after unhanced and contrast-enhanced 
breast MRI with entire examination not more than 40 min, can 
allow higher sensitivity than the routine breast MR imaging, further 
training of radiologists to interpret breast MR spectroscopy may 
potentially increase the diagnostic accuracy of breast diseases. 

H-MRS in Prostate Gland
Clnical examination and Prostate Spesific Antigen (PSA) levels 

provide important diagnostic data for the depiction of prostate cancer 
in elderly men, cancer foci should be localised by imaging tools and 
after localization of the malignant prostate nodule, biopsy is needed 
confirm the diagnosis, cancer focus in the prostate gland generally 
appear hypoechoic on Transrectal Ultrasonography (TRUS), 
but many small malignant nodules are isoechoic and not easy to 
localize them by US [44-46]. Moreover, many benign conditions 
may mimic cancer focus which may lower the specificity of TRUS 
and cause elevation of false-negative rates up to 40% [45-47]. An 
additional diagnostic approach is needed because of lower sensitivity 
and specificity of TRUS, it has already been known that up to 25% 
of cancers have a normal PSA level and greater than 50% of cancer 
patients have a normal digital rectal examination results [45-49]. 

MRI provides the best depiction of prostate contours and internal 
zonal anatomy, MRI also allows functional gland assessment with 
dynamic contrast-enhanced MR imaging (DCE-MRI), Diffusion 
Weighted Imaging (DWI) and H-MRS. MRI is highly sensitive and 
specific for detection, staging and localization of prostate cancer, 
also indicates the extra capsular spread due to its high soft tissue 
resolution [45,50].

Futterer et al [48] regarded 77% to 80% sensitivity and 84% to 

87% specificity for H-MRS and indicated that H-MRS and dynamic 
MRI were significantly more accurate than the T2W sequence for 
prostate cancer localization.

Wetter et al [49] reported 75% sensitivity and 87% specificity for 
MRI and 88% sensitivity to 70% specificity for H-MRS, concluded 
that combined MRI and H-MRS of the prostate had no diagnostic 
advantage in the staging of cancer over routine MRI alone. 

Reinsberg et al [50], Kumar et al [51] combined DWI and H-MRS 
for detecting prostate cancers in their investigations and both of 
them regarded significantly higher Cho/Cit ratios and lower ADC 
values in tumor containing voxels with 80% to 90% sensitivities and 
specificities.

According to our experience, The specificity was 49% for both 
Cho/Cit and Cho+Cre/Cit ratios, 69% sensitivity for Cho/Cit ratio, 
and 70% sensitivity for Cho+Cre/Cit ratio with 3D-H-MRS and it was 
presented the H-MRS as the most efficient sequence in detecting the 
cancer foci, in terms of Cho+Cre/Cit and Cho/Cit ratios (Figure 3). 
To our belief, however, multiparametric MRI which is composed of 
T2W imaging, DCE-MRI, DWI and H-MRS, rather than use of either 
sequences alone, can accurately improve the detection, localization 
and staging of prostate cancers.

Conclusion
Proton MR Spectroscopy can be combined to routine MR 

imaging in variable conditions by detecting metabolite alterations 
and measuring their resonance peak levels. This technique can be 
routinely performed under elective situations on clinical 1.0 T and 
more strength magnets with suitable acquisition times. It can also be 
used in clinical practice to guide the clinicians and surgeons in the 
detection of most aggressive parts of tumor, may avoid unnecessary 
surgeries which may reduce the morbidity and mortality due to 
iatrogenic effects and may guide them to a better management of 
patients. 

With further development of coils and softwares, moreover an 
increase in magnetic field strengths and advanced technology, there 
is going to be an improved sensitivity with increasing signal to noise 
ratios which will result in high-quality spectroscopy and increased 

Figure 3 : 3D H-MRS in prostate gland showing the suspicious area for 
cancer.
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spectral resolution. New advanced pulses may allow more fast data 
acquisitions in the future and 3D-HMRS may easily achieve spatial 
distribution of spectroscopic data.
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