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PREAMBLE
This document is an educational tool designed to assist practitioners in providing appropriate radiologic care for
patients. Practice Parameters and Technical Standards are not inflexible rules or requirements of practice and are
not intended, nor should they be used, to establish a legal standard of care 1. For these reasons and those set forth
below, the American College of Radiology and our collaborating medical specialty societies caution against the use
of these documents in litigation in which the clinical decisions of a practitioner are called into question.
The ultimate judgment regarding the propriety of any specific procedure or course of action must be made by the
practitioner in light of all the circumstances presented. Thus, an approach that differs from the guidance in this
document, standing alone, does not necessarily imply that the approach was below the standard of care. To the
contrary, a conscientious practitioner may responsibly adopt a course of action different from that set forth in this
document when, in the reasonable judgment of the practitioner, such course of action is indicated by the condition
of the patient, limitations of available resources, or advances in knowledge or technology subsequent to publication
of this document. However, a practitioner who employs an approach substantially different from the guidance in
this document is advised to document in the patient record information sufficient to explain the approach taken.
The practice of medicine involves not only the science, but also the art of dealing with the prevention, diagnosis,
alleviation, and treatment of disease. The variety and complexity of human conditions make it impossible to always
reach the most appropriate diagnosis or to predict with certainty a particular response to treatment. Therefore, it
should be recognized that adherence to the guidance in this document will not assure an accurate diagnosis or a
successful outcome. All that should be expected is that the practitioner will follow a reasonable course of action
based on current knowledge, available resources, and the needs of the patient to deliver effective and safe medical
care. The sole purpose of this document is to assist practitioners in achieving this objective.

1 Iowa Medical Society and Iowa Society of Anesthesiologists v. Iowa Board of Nursing, ___ N.W.2d ___ (Iowa 2013) Iowa Supreme Court refuses to find
that the ACR Technical Standard for Management of the Use of Radiation in Fluoroscopic Procedures (Revised 2008) sets a national standard for who may
perform fluoroscopic procedures in light of the standard’s stated purpose that ACR standards are educational tools and not intended to establish a legal standard
of care. See also, Stanley v. McCarver, 63 P.3d 1076 (Ariz. App. 2003) where in a concurring opinion the Court stated that “published standards or guidelines
of specialty medical organizations are useful in determining the duty owed or the standard of care applicable in a given situation” even though ACR standards
themselves do not establish the standard of care.
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I.

INTRODUCTION

This practice parameter was revised collaboratively by the American College of Radiology (ACR), the American
Society of Neuroradiology (ASNR), and the Society for Pediatric Radiology (SPR).
Magnetic resonance spectroscopy (MRS) is a proven and useful method for the evaluation, assessment of severity,
therapeutic planning, posttherapeutic monitoring, and follow-up of diseases of the brain and other regions of the
body [1-4]. It should be performed only for a valid medical reason. While MRS can be useful in the diagnosis and
management of patients, its findings may be misleading if not closely correlated with clinical history, physical
examination, laboratory results, and diagnostic imaging studies. Adherence to these practice parameters optimizes
the benefit of MRS for patients.
II.

INDICATIONS

When conventional imaging by magnetic resonance imaging (MRI) or computed tomography (CT) provides limited
information regarding specific clinical questions, indications for MRS in adults and children include, but are not
limited to, the following:
1. Evidence or suspicion of primary or secondary neoplasm (pretreatment and posttreatment)
2. Grading of primary glial neoplasm, particularly high-grade versus low-grade glioma [5,6]
3. Evidence or suspicion of brain infection, especially cerebral abscess (pretreatment and posttreatment) and
HIV-related infections
4. Seizures, especially temporal lobe epilepsy
5. Evidence or suspicion of neurodegenerative disease, especially Alzheimer’s disease, Parkinson’s disease, and
Huntington’s disease [7-9]
6. Evidence or suspicion of subclinical or clinical hepatic encephalopathy
7. Evidence or suspicion of an inherited metabolic disorder, such as Canavan disease, mitochondrial
encephalopathies, and other leukodystrophies [10,11]
8. Suspicion of acute brain ischemia or infarction, including birth asphyxia [12]
9. Evidence or suspicion of a demyelination or dysmyelination disorder [13-16]
10. Evidence or suspicion of traumatic brain injury
11. Evidence or suspicion of brain developmental abnormality and cerebral palsy
12. Evidence or suspicion of other neurodegenerative diseases, such as amyotrophic lateral sclerosis
13. Evidence or suspicion of chronic pain syndromes
14. Evidence or suspicion of chromosomal and inherited neurocutaneous disorders, such as neurofibromatosis
and tuberous sclerosis
15. Evidence or suspicion of neurotoxicity, such as misuse of medications, and exposure to environmental
hazards, such as carbon monoxide and inhalants
16. Evidence or suspicion of hypoxic ischemic encephalopathy
17. Evidence or suspicion of spinal cord disorders, such as tumors, demyelination, infection, and trauma
18. Evidence of neuropsychiatric disorders, such as depression, posttraumatic stress syndrome, and schizophrenia
[17-26]
19. Differentiation between recurrent tumor and treatment-related changes or radiation injury
20. Differentiation of cystic lesions (eg, abscess versus cystic metastasis or cystic primary neoplasm)
21. Evidence or suspicion of cerebral vasculitis, systemic lupus erythematosus (SLE), and neuropsychiatric
systemic lupus erythematosus (NPSLE)
22. Evaluation of response to treatment of neurological disorders (eg, tumor evaluation)
23. Detection of 2-hydroxyglutarate (2-HG) in suspected IDH1 mutant gliomas
24. Developmental delay
25. Evaluation of response to treatment of metabolic disorders
III.

QUALIFICATIONS AND RESPONSIBILITIES OF PERSONNEL

See the ACR Practice Parameter for Performing and Interpreting Magnetic Resonance Imaging (MRI) [27].
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The physician supervising and interpreting MRS must understand the specific questions to be answered before the
procedure in order to plan and perform the study safely and effectively.
IV.

SAFETY GUIDELINES AND POSSIBLE CONTRAINDICATIONS

See the ACR Practice Parameter for Performing and Interpreting Magnetic Resonance Imaging (MRI), the ACR
Manual on Contrast Media, and the ACR Guidance Document on MR Safe Practices [27-29].
Peer-reviewed literature pertaining to MR safety should be reviewed on a regular basis.
V.

SPECIFICATIONS OF THE EXAMINATION

A. Written Request for the Examination
The written or electronic request for MRS of the central nervous system (CNS) should provide sufficient
information to demonstrate the medical necessity of the examination and allow for its proper performance and
interpretation.
Documentation that satisfies medical necessity includes 1) signs and symptoms and/or 2) relevant history (including
known diagnoses). Additional information regarding the specific reason for the examination or a provisional
diagnosis would be helpful and may at times be needed to allow for the proper performance and interpretation of
the examination.
The request for the examination must be originated by a physician or other appropriately licensed health care
provider. The accompanying clinical information should be provided by a physician or other appropriately licensed
health care provider familiar with the patient’s clinical problem or question and consistent with the state scope of
practice requirements. (ACR Resolution 35, adopted in 2006 – revised in 2016, Resolution 12-b)
Reasonable efforts should be made to ensure that all pertinent prior imaging of the region in question is available
to the interpreting physician/spectroscopist at the time of the study.
B. Patient Selection
The physician responsible for the examination should supervise patient selection and preparation and be available
in person or by phone for consultation. Patients and all other persons entering the MRI safety zone must be screened
and interviewed (if their condition permits) before the examination to exclude individuals who may be at risk by
exposure to the MR environment.
Certain indications require administration of intravenous (IV) contrast media. IV contrast enhancement should be
performed using appropriate injection protocols and in accordance with the institution’s policy on IV contrast
utilization. (See the ACR–SPR Practice Parameter for the Use of Intravascular Contrast Media [30].)
Patients suffering from anxiety or claustrophobia may require sedation or additional assistance. Administration of
sedation may be needed to achieve a successful examination. If sedation is necessary, it should be administered by
appropriately certified personnel (see the ACR–SIR Practice Parameter for Sedation/Analgesia [31]).
C. Facility Requirements
Appropriate emergency equipment and medications must be immediately available to treat adverse reactions
associated with administered medications. The equipment and medications should be monitored for inventory and
drug expiration dates on a regular basis. The equipment, medications, and other emergency support must also be
appropriate for the range of ages and sizes in the patient population.
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D. Examination Technique
Physicians and/or spectroscopists using MRS should understand the artifacts and limitations of the MR pulse
sequences. MRS involves the application of various MR pulse sequences that are designed to provide a range of
capabilities. These include the following:
1. STEAM (stimulated echo acquisition mode) that uses three 90° radiofrequency (RF) pulses for volume
selection.
2. PRESS (point-resolved spectroscopy) that uses a 90° excitation pulse plus two 180° refocusing RF pulses
for volume selection.
The physician and/or spectroscopist should understand the differences between the PRESS and STEAM techniques.
Other basic pulse sequences for spectral data acquisition are available commercially.
The physician and/or spectroscopist performing the study should understand how the history and physical
examination affect the choice of technique (including location of voxel placement), repetition time (TR), and echo
time (TE) for the examination and how the metabolite peaks are affected by changes in the TE. The physician and/or
spectroscopist performing and the physician interpreting the examination should be knowledgeable about the
normal metabolites and their relative concentrations, as well as the spectra that could be anticipated for the
diagnostic entities being considered in the patient. All examinations are interpreted by physicians.
E. Guidelines for Performing MRS, Including the Choice of Echo Time
1. Short echo time (eg, 20-40 ms)
Short TE is useful in demonstrating myoinositol (MI), glutamine/glutamate (Glx), amino acids, lactate, and
lipids. These metabolites are useful in characterizing most neurological diseases, such as tumors, metabolic
and neurodegenerative disorders, seizures, chronic pain syndrome, and disorders of myelination. They are
also useful in monitoring therapy for these diseases. The choice of TE depends on the clinical indication.
For example, in the characterization of neurodegenerative disorders such as Alzheimer’s disease, short TE
MRS is recommended to ensure that information on metabolites only detected with short TE MRS, such as
MI and the Glx complexes, is obtained.
2. Intermediate echo (eg, 97-144 ms)
Intermediate TE has a number of advantages over short TE MRS but provides information on fewer
metabolites. Intermediate TE can be performed for the following reasons:
a. In differentiating lactate and alanine from lipids around 1.3 to 1.4 ppm by J-modulation/inversion of
the lactate and alanine doublet peaks. However, it should be noted that J-modulation is field-strength
dependent. While lactate peak inversion is a reasonably consistent phenomenon at 1.5T field strength,
it is variable at 3T, which could cause a false-negative results [32].
b. Better-defined baseline and less baseline distortion compared with short TE.
c. No artifactual n-acetylasparate (NAA). Peak in the 2.0 to 2.05 range can only be attributed to NAA
rather than superimposed Glx complex peaks in the 2.05 to 2.5 ppm range.
d. Presence of lipids may imply more significance than when observed at short TE.
e. More reproducibility and accuracy, particularly for quantifying Cho and NAA peaks.
f. Provide optimal identification of 2-HG in IDH1 mutant glioma imaged at 3T.
3. Long echo time (eg, 270-288 ms)
At longer TE (longer than 144 ms), there is less signal from NAA, Cho, and Cr relative to the baseline
noise; hence, the signal-to-noise ratio (SNR) is lower than that at short and intermediate TE measurements
because of the T2 decay of metabolites. The recommendation is to acquire MRS data at short TE and, time
permitting, to include an intermediate echo time acquisition for the reasons stated above. Long TE can be
used if the user has experience and normative data for comparison. However, a long TE MRS may be
primarily performed on 3T scanners for a more accurate depiction of lactate levels [32].
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4. Chemical shift imaging (CSI) or MRS imaging (MRSI)
MRSI or CSI, either 2-D or 3-D, obtain spectroscopic information from multiple adjacent volumes over a
large volume of interest in a single measurement. They have better resolution and sample metabolites over
a larger region of interest than other techniques, facilitating evaluation for focal as well as global
neurological processes. CSI can be combined with conventional MRI because spectral patterns and
metabolite concentrations can be overlaid on grayscale conventional imaging to compare voxels containing
normal parenchyma and voxels containing pathology and also to obtain distributional patterns of specific
metabolites. It also allows for comparison and normalization of pathologic spectra to spectra in normal
tissue. However, caution must be exercised regarding artifacts, such as chemical-shift artifact, voxel
bleeding, and voxel contamination, when using commercially available CSI sequences.
The physician, technologist, or spectroscopist performing the examination must understand how voxel
placement and regional variation can impact the distribution and relative concentration of the metabolites
in different parts of the brain. The placement of voxels over the ventricles and near the bony calvarium can
also affect the water suppression and cause susceptibility, affecting the shim and quality of the spectra.
When investigating focal disease, it is recommended that multivoxel MRSI be used, as this will provide
MRS samples from heterogeneous areas within a focal lesion as well as some normal tissue voxels for a
comparison. If multivoxel is not available, single voxel can be used; having a second voxel in normal tissue
for comparison would also be recommended.
When investigating diffuse brain or spinal cord disease, single-voxel MRS can be used, as the MRS changes
should be found diffusely.
The voxel size, thickness, and matrix should be determined by the disease process, the extent of disease, its
location, and a compromise between obtaining sufficient SNR and reducing volume averaging through
normal tissue.
The physician and/or spectroscopist performing and the physician interpreting MRS should recognize
artifacts that are due to poor shimming, improper water suppression, lipid contamination, chemical shift
artifact/misregistration, and/or poor voxel placement.
MRS can be used in the setting of contrast without significant detriment to the quality of the spectra.
5. Technical consideration in MRS
Adequate shimming narrows peak widths, increases SNR, and improves water suppression. Single-voxel
spectra are easier to shim than multivoxel spectra, and higher shimming is needed with voxels placed at the
periphery compared to the center of the brain.
Single-voxel PRESS MRS is used most often in routine clinical practice for pediatrics. Appropriate
placement of voxel requires knowledge of the clinical indications for the MRS and region of the brain
potentially affected by the disease process. An incorrect voxel placement may result in nondiagnostic MRS.
Inclusion of the ventricle in a voxel should be avoided. The MRS should be reviewed by the radiologist in
conjunction with the routine MR image and preferably before the patient has been removed from the
scanner.
Pediatric MRS can be acquired at 1.5T and 3T; the higher SNR of 3T potentially allows for decreases in
image acquisition time and/or smaller voxel size with the marginal compromise of somewhat wider
metabolite peaks using short TEs at 3T [33].
MRS is routinely performed with short TE (35 ms versus 20-40 ms), intermediate TE (144 ms versus 97144 ms), and/or long TE (288 ms versus 270-288 ms); short TE technique provides for higher SNR and
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depiction of all metabolites. Preferred voxel size is 2 × 2 × 2 cm or 2 cm cubed (8 cc). Smaller voxels may
be needed to avoid partial volume effects; voxel size should be at least 4 cc.
6. Detection of specific metabolites
Glycine and MI resonate at 3.5 ppm and 3.56 ppm, respectively, and pathologic evaluations of glycine in
nonketotic hyperglycinemia may be masked by myo-inositol at short TE. At intermediate TE values, myoinositol normally decreases while glycine does not, and intermediate or long TE, in addition to short TE,
should be acquired in neonates with clinical suspicion of nonketotic hyperglycinemia [34].
The 2016 World Health Organization (WHO) CNS classification presents major restructuring of the diffuse
gliomas, medulloblastomas, and other embryonal tumors and incorporates new entities that are defined by
both histology and molecular features, including glioblastoma, IDH-wildtype, and glioblastoma, IDHmutant. The reclassification of glioblastoma and gliomas based on IDH mutation acknowledges significant
differences in glioma biology, therapeutic triage, and outcome. As a result, the application of MRS in
characterizing the molecular subtypes of glioma is important [35].
For those physicians interpreting MRS in neonates and young infants, the physician should be familiar with
MRS in this age group. Age-related differences in metabolites in normal neonates include high myo-inositol
levels. The NAA levels are also lower in neonates up until 24 months. In these early years,
macromolecules/lipids at 0.8 and 1.3 ppm may also be present as the brain myelinates.
7. Multinuclear MRS
Besides proton hydrogen-1 (1H) MRS, other nuclei for MRS that can be used include helium-3 (3HE),
lithium-7 (7Li), carbon-13 (13C), oxygen-17 (17O), fluorine-19 (19F), sodium-23 (23Na), phosphorus-31 (31P),
and xenon-129 (129Xe). It is recommended that multinuclear MRS be performed using a field strength of at
least 3T. Some of the reasons for the recommendation to use higher field strength are:
a. Lower gyromagnetic ratio compared with 1H.
b. Lower sensitivity that will be mitigated by the higher SNR provided by higher B0.
c. Longer measurement times at 1.5T.
d. Low spatial resolution at 1.5T.
e. Multiplets – needed to decouple to demonstrate the metabolites adequately.
Phosphorus-31, 19F, and 13C have demonstrated some utility in neuro-oncologic evaluations [36].
Phosphorus-31 MRS provides information on cellular energy metabolism, membrane phosphates, and
intracellular pH. Compared with proton spectroscopy (1H MRS), the clinical utility of 31P MRS has
been limited, which is due in part to the necessity for hardware modifications (coils), the relatively
large volumes of tissue required (resulting in partial volume effects through necrotic regions), and the
sometimes subtle metabolite changes when the spectra are reviewed visually. Cellular energy
metabolism is represented by adenosine triphosphate (ATP), phosphocreatine (PCr), and inorganic
phosphate (Pi). The phosphodiester (PDE) and phosphor monoester (PME) compounds are from
membrane phospholipids. In high-grade glial tumors (HGGT), such as glioblastoma multiforme, there
is alkalization (pH: 7.12), an increase in PME, and a decrease in PDE/α-ATP with no significant
changes in PCr/α-ATP or PCr/Pi ratios. The metabolite resonances in HGGT may sometimes be
reduced by the presence of necrosis. As expected, HGGT will express higher levels of
phosphatidylcholine compared with low-grade glial tumors. Meningiomas are characterized by an
alkalinity (pH: 7.16), a decrease in phosphocreatine, and decreased PDEs. Proton-decoupled 31P (31P[1H]) and 1H MRS may eventually be used in a multinuclear, multi-TE approach to neurologic diseases.
8. Ultra-high-field MRS (beyond 3T)
MRS is FDA approved and can be performed clinically at field strengths up to 7T for neurological and
extremity applications and up to 3T for other sites. The safety and efficacy of MRS beyond these field
strengths are still under investigation.
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VI.

DOCUMENTATION

Reporting should be in accordance with the ACR Practice Parameter for Communication of Diagnostic Imaging
Findings [37].
The report should describe the peaks visualized in the spectrum, the relative heights of the peaks, or relative
concentrations of the metabolites. It should attempt to address the potential etiologies suggested by any abnormities
found.
VII.

EQUIPMENT SPECIFICATIONS

The MR equipment specifications and performance must meet all state and federal requirements. These
requirements include, but are not limited to, specifications of maximum static magnetic field strength, maximum
rate of change of magnetic field strength, maximum RFpower deposition (specific absorption rate), and maximum
acoustic noise levels.
VIII.

QUALITY CONTROL AND IMPROVEMENT, SAFETY, INFECTION CONTROL, AND
PATIENT EDUCATION

Policies and procedures related to quality, patient education, infection control, and safety should be developed and
implemented in accordance with the ACR Policy on Quality Control and Improvement, Safety, Infection Control,
and Patient Education appearing under the heading Position Statement on QC & Improvement, Safety, Infection
Control, and Patient Education on the ACR website https://www.acr.org/Advocacy-and-Economics/ACRPosition-Statements/Quality-Control-and-Improvement).
Specific policies and procedures related to MR safety should be in place with documentation that is updated
annually and compiled under the supervision and direction of the supervising MR physician. Guidelines should be
provided that deal with potential hazards associated with the MR examination of the patient as well as to others in
the immediate area. Screening forms must also be provided to detect those patients who may be at risk for adverse
events associated with the MR examination.
Equipment monitoring should be in accordance with the ACR–AAPM Technical Standard for Diagnostic Medical
Physics Performance Monitoring of MRI Equipment [38].
Follow-up pathology and laboratory results and diagnoses are needed to correlate radiology and pathology findings
and should be actively sought whenever possible as part of any quality control or quality improvement program.
ACKNOWLEDGEMENTS
This practice parameter was revised according to the process described under the heading The Process for
Developing ACR Practice Guidelines and Technical Standards on the ACR website (https://www.acr.org/ClinicalResources/Practice-Parameters-and-Technical-Standards) by the Committee on Practice Parameters –
Neuroradiology of the ACR Commission on Neuroradiology and the Committee on Practice Parameters – Pediatric
Radiology of the ACR Commission on Pediatric Radiology, in collaboration with the ASNR and the SPR.
Collaborative Committee – members represent their societies in the initial and final revision of this practice
parameter
ACR
Meng Law, MD, Chair
David A. Joyner, MD
Whitney B. Pope, MD
Nancy K. Rollins, MD

PRACTICE PARAMETER

ASNR
Kavita K. Erickson, MD
Raymond K. Tu, MD, FACR

7

SPR
S. Srinivas Ganapathy, MD
Saurabh Guleria, MD

MR Spectroscopy

Committee on Practice Parameters – Neuroradiology
(ACR Committee responsible for sponsoring the draft through the process)
Raymond K. Tu, MD, FACR, Chair
Kristine A. Blackham, MD
Brian A. Conley, MD
Kavita K. Erickson, MD
Adam E. Flanders, MD
H. Simms Hardin, IV, MD
Steven W. Hetts, MD
John E. Jordan, MD, MPP, FACR

Jacqueline C. Junn, MD
Robert J. McDonald, MD
Alexander M. McKinney, IV, MD
David M. Mirsky, MD
Robin J. Mitnick, MD, FACR
Lubdha M. Shah, MD
Max Wintermark, MD

Committee on Practice Parameters – Pediatric Radiology
(ACR Committee responsible for sponsoring the draft through the process)
Beverley Newman, MB, BCh, BSc, FACR, Chair
Timothy J. Carmody, MD, FACR
Tara M. Catanzano, MB, BCh
Lee K. Collins, MD
Kassa Darge, MD, PhD
Monica S. Epelman, MD
Dorothy L. Gilbertson-Dahdal, MD
Safwan S. Halabi, MD

Kerri A. Highmore, MD
Sue C. Kaste, DO
Terry L. Levin, MD, FACR
Matthew P. Lungren, MD, MPH
Helen Ruth Nadel, MD
Sumit Pruthi, MBBS
Pallavi Sagar, MD
Richard B. Towbin, MD, FACR

Alexander M. Norbash, MD, FACR, Chair, Commission on Neuroradiology
Richard A. Barth, MD, FACR, Chair, Commission on Pediatric Radiology
Jacqueline Anne Bello, MD, FACR, Chair, Commission on Quality and Safety
Matthew S Pollack, MD, FACR, Chair, Committee on Practice Parameters and Technical Standards
Mary S. Newell, MD, FACR, Vice Chair, Committee on Practice Parameters and Technical Standards
Comments Reconciliation Committee
Colin M. Segovis, MD, PhD, Chair
Kevin L. Smith, MD, FACR, Co-Chair
Richard A. Barth, MD, FACR
Jacqueline A. Bello, MD, FACR
Richard Duszak, Jr., MD, FACR
Kavita K. Erickson, MD
S. Srinivas Ganapathy, MD
Saurabh Guleria, MD
Steven W. Hetts, MD
David A. Joyner, MD

Paul A. Larson, MD, FACR
Meng Law, MD
Mary S. Newell, MD, FACR
Beverley Newman, MB, BCh, BSc, FACR
Alexander M. Norbash, MD, FACR
Matthew S. Pollack, MD, FACR
Whitney B. Pope, MD
Nancy K. Rollins, MD
Timothy L. Swan, MD, FACR
Matthew Whitehead, MD

REFERENCES
1. Panigrahy A, Bluml S. Advances in magnetic resonance neuroimaging techniques in the evaluation of neonatal
encephalopathy. Topics in magnetic resonance imaging : TMRI. 2007;18(1):3-29.
2. Panigrahy A, Nelson MD, Jr., Bluml S. Magnetic resonance spectroscopy in pediatric neuroradiology: clinical
and research applications. Pediatric radiology. 2010;40(1):3-30.
3. Castillo M, Kwock L, Scatliff J, Mukherji SK. Proton MR spectroscopy in neoplastic and non-neoplastic brain
disorders. Magnetic resonance imaging clinics of North America. 1998;6(1):1-20.
4. Law M. MR spectroscopy of brain tumors. Topics in magnetic resonance imaging : TMRI. 2004;15(5):291313.
5. Marcus KJ, Astrakas LG, Zurakowski D, et al. Predicting survival of children with CNS tumors using proton
magnetic resonance spectroscopic imaging biomarkers. International journal of oncology. 2007;30(3):651-657.
PRACTICE PARAMETER

8

MR Spectroscopy

6. Seymour ZA, Panigrahy A, Finlay JL, Nelson MD, Jr., Bluml S. Citrate in pediatric CNS tumors? AJNR.
American journal of neuroradiology. 2008;29(5):1006-1011.
7. Kantarci K, Lowe V, Przybelski SA, et al. Magnetic resonance spectroscopy, beta-amyloid load, and cognition
in a population-based sample of cognitively normal older adults. Neurology. 2011;77(10):951-958.
8. Modrego PJ, Fayed N, Sarasa M. Magnetic resonance spectroscopy in the prediction of early conversion from
amnestic mild cognitive impairment to dementia: a prospective cohort study. BMJ open. 2011;1(1):e000007.
9. Walecki J, Barcikowska M, Cwikla JB, Gabryelewicz T. N-acetylaspartate, choline, myoinositol, glutamine
and glutamate (glx) concentration changes in proton MR spectroscopy (1H MRS) in patients with mild
cognitive impairment (MCI). Medical science monitor : international medical journal of experimental and
clinical research. 2011;17(12):MT105-111.
10. Saneto RP, Friedman SD, Shaw DW. Neuroimaging of mitochondrial disease. Mitochondrion. 2008;8(56):396-413.
11. Hesselink JR. Fundamentals of MR spectroscopy. Available at: http://spinwarp.ucsd.edu/neuroweb/Text/mrsTXT.htm. Accessed May 10, 2017.
12. Alderliesten T, de Vries LS, Benders MJ, Koopman C, Groenendaal F. MR imaging and outcome of term
neonates with perinatal asphyxia: value of diffusion-weighted MR imaging and (1)H MR spectroscopy.
Radiology. 2011;261(1):235-242.
13. Bagory M, Durand-Dubief F, Ibarrola D, et al. Implementation of an absolute brain (1)H-MRS quantification
method to assess different tissue alterations in multiple sclerosis. IEEE transactions on bio-medical
engineering. 2011.
14. Blinkenberg M, Mathiesen HK, Tscherning T, et al. Cerebral metabolism, magnetic resonance spectroscopy
and cognitive dysfunction in early multiple sclerosis: an exploratory study. Neurological research.
2012;34(1):52-58.
15. Hattingen E, Magerkurth J, Pilatus U, Hubers A, Wahl M, Ziemann U. Combined (1)H and (31)P spectroscopy
provides new insights into the pathobiochemistry of brain damage in multiple sclerosis. NMR in biomedicine.
2011;24(5):536-546.
16. Verbruggen KT, Maurits NM, Meiners LC, Brouwer OF, van Spronsen FJ, Sijens PE. Quantitative multivoxel
proton spectroscopy of the brain in developmental delay. Journal of magnetic resonance imaging : JMRI.
2009;30(4):716-721.
17. Abbott C, Bustillo J. What have we learned from proton magnetic resonance spectroscopy about schizophrenia?
A critical update. Current opinion in psychiatry. 2006;19(2):135-139.
18. Brugger S, Davis JM, Leucht S, Stone JM. Proton magnetic resonance spectroscopy and illness stage in
schizophrenia--a systematic review and meta-analysis. Biological psychiatry. 2011;69(5):495-503.
19. Dager SR, Corrigan NM, Richards TL, Posse S. Research applications of magnetic resonance spectroscopy to
investigate psychiatric disorders. Topics in magnetic resonance imaging : TMRI. 2008;19(2):81-96.
20. Maddock RJ, Buonocore MH. MR Spectroscopic Studies of the Brain in Psychiatric Disorders. Current topics
in behavioral neurosciences. 2012.
21. Perlov E, Philipsen A, Matthies S, et al. Spectroscopic findings in attention-deficit/hyperactivity disorder:
review and meta-analysis. The world journal of biological psychiatry : the official journal of the World
Federation of Societies of Biological Psychiatry. 2009;10(4 Pt 2):355-365.
22. Port JD, Agarwal N. MR spectroscopy in schizophrenia. Journal of magnetic resonance imaging : JMRI.
2011;34(6):1251-1261.
23. Steen RG, Hamer RM, Lieberman JA. Measurement of brain metabolites by 1H magnetic resonance
spectroscopy in patients with schizophrenia: a systematic review and meta-analysis.
Neuropsychopharmacology : official publication of the American College of Neuropsychopharmacology.
2005;30(11):1949-1962.
24. Yildiz-Yesiloglu A, Ankerst DP. Review of 1H magnetic resonance spectroscopy findings in major depressive
disorder: a meta-analysis. Psychiatry research. 2006;147(1):1-25.
25. Yildiz-Yesiloglu A, Ankerst DP. Neurochemical alterations of the brain in bipolar disorder and their
implications for pathophysiology: a systematic review of the in vivo proton magnetic resonance spectroscopy
findings. Progress in neuro-psychopharmacology & biological psychiatry. 2006;30(6):969-995.
26. Yuksel C, Ongur D. Magnetic resonance spectroscopy studies of glutamate-related abnormalities in mood
disorders. Biological psychiatry. 2010;68(9):785-794.

PRACTICE PARAMETER

9

MR Spectroscopy

27. American College of Radiology. ACR practice parameter for performing and interpreting magnetic resonance
imaging (MRI) 2017; Available at: https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MR-PerfInterpret.pdf. Accessed December 16, 2016.
28. American College of Radiology. ACR manual on contrast media, v10.3. 2016; Available at:
https://www.acr.org/Clinical-Resources/Contrast-Manual. Accessed February 21, 2018.
29. Kanal E, Barkovich AJ, Bell C, et al. ACR guidance document on MR safe practices: 2013. Journal of magnetic
resonance imaging : JMRI. 2013;37(3):501-530.
30. American College of Radiology. ACR–SPR practice parameter for the use of intravascular contrast media 2017;
Available at: https://www.acr.org/-/media/ACR/Files/Practice-Parameters/IVCM.pdf. Accessed December 16,
2016.
31. American College of Radiology. ACR–SIR practice parameter for sedation/analgesia 2015; Available at:
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/Sed-Analgesia.pdf. Accessed December 16,
2016.
32. Lange T, Dydak U, Roberts TP, Rowley HA, Bjeljac M, Boesiger P. Pitfalls in lactate measurements at 3T.
AJNR. American journal of neuroradiology. 2006;27(4):895-901.
33. Cecil KM. Proton magnetic resonance spectroscopy: technique for the neuroradiologist. Neuroimaging clinics
of North America. 2013;23(3):381-392.
34. Heindel W, Kugel H, Roth B. Noninvasive detection of increased glycine content by proton MR spectroscopy
in the brains of two infants with nonketotic hyperglycinemia. AJNR. American journal of neuroradiology.
1993;14(3):629-635.
35. Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health Organization Classification of Tumors of
the Central Nervous System: a summary. Acta neuropathologica. 2016;131(6):803-820.
36. Lehnhardt FG, Rohn G, Ernestus RI, Grune M, Hoehn M. 1H- and (31)P-MR spectroscopy of primary and
recurrent human brain tumors in vitro: malignancy-characteristic profiles of water soluble and lipophilic
spectral components. NMR in biomedicine. 2001;14(5):307-317.
37. American College of Radiology. ACR practice parameter for communication of diagnostic imaging findings
2014; Available at: https://www.acr.org/-/media/ACR/Files/Practice-Parameters/CommunicationDiag.pdf.
Accessed December 16, 2016.
38. American College of Radiology. ACR–AAPM technical standard for diagnostic medical physics performance
monitoring of magnetic resonance imaging (MRI) equipment 2014; Available at: https://www.acr.org//media/ACR/Files/Practice-Parameters/MR-Equip.pdf. Accessed December 16, 2016.
*Practice parameters and standards are published annually with an effective date of October 1 in the year in which
amended, revised, or approved by the ACR Council. For practice parameters and technical standards published
before 1999, the effective date was January 1 following the year in which the practice parameter or technical
standard was amended, revised, or approved by the ACR Council.
Development Chronology for this Practice Parameter
2002 (Resolution 9)
Amended 2006 (Resolution 35)
Revised 2008 (Resolution 19)
Revised 2013 (Resolution 7)
Amended 2014 (Resolution 39)
Revised 2019 (Resolution 16)

PRACTICE PARAMETER

10

MR Spectroscopy

