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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons
engaged in the development and approval of the document at the time it was developed.
Consensus does not necessarily mean that there is unanimous agreement among every person
participating in the development of this document.

NEMA Standards and guideline publications, of which the document contained herein is one,
are developed through a voluntary consensus Standards development process. This process
brings together volunteers and/or seeks out the views of persons who have an interest in the
topic covered by this publication. While NEMA administers the process and establishes ru'es
to promote fairness in the development of consensus, it does not write the document and it
does not independently test, evaluate, or verify the accuracy or completeness of anv
information or the soundness of any judgments contained in its Standards and guid. :ne
publications.

NEMA disclaims liability for any personal injury, property, or other damages G any nature
whatsoever, whether special, indirect, consequential, or compensatory, direc‘ly or i directly
resulting from the publication, use of, application, or reliance on this docui~ent. - NEMA
disclaims and makes no guaranty or warranty, express or implied, ¢ S0 ."e accuracy or
completeness of any information published herein, and disclaims ana mal es no warranty that
the information in this document will fulfill any of your particular purposes or needs. NEMA
does not undertake to guarantee the performance of any indiv.i '~ manufacturer or seller’s
products or services by virtue of this Standard or guide.

In publishing and making this document available, N."M~A is not undertaking to render
professional or other services for or on behalf of ary: pe son or entity, nor is NEMA
undertaking to perform any duty owed by any per. on ¢r entity to someone else. Anyone using
this document should rely on his or her own indepei.aent judgment or, as appropriate, seek
the advice of a competent professional in datermining the exercise of reasonable care in any
given circumstances. Information and oter Standards on the topic covered by this publication
may be available from other sources, v:hich uie user may wish to consult for additional views
or information not covered by this pubr catiun.

NEMA has no power, nor does it Lxdertake to police or enforce compliance with the contents
of this document. NEMA dc~s 1 ot certify, test, or inspect products, designs, or installations for
safety or health purposer. ny certification or other statement of compliance with any health
or safety-related informa.*yn ih this document shall not be attributable to NEMA and is solely
the responsibility of ti.» cerufier or maker of the statement.
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Preamble

This is one of a series of test Standards developed by the medical diagnostic imaging industry for the
measurement of performance parameters governing image quality of magnetic resonance (MR) imaging
systems. These test Standards are intended for the use of equipment manufacturers, prospective
purchasers, and users alike.

Manufacturers are permitted to use these Standards for the determination of system performance
specifications. This standardization of performance specifications is of benefit to the prospective
equipment purchaser, and the parameters supplied with each NEMA measurement serve as ¢ gui'e to
those factors that can influence the measurement. These Standards can also serve as refe. ence
procedures for acceptance testing and periodic quality assurance.

It must be recognized, however, that not all test Standards lend themselves to measu,an ent at the
installation site. Some test Standards require instrumentation better suited to factory mea urements,
while others require the facilities of an instrumentation laboratory to assure stable te<t conditions
necessary for reliable measurements.

The NEMA test procedures are carried out using the normal clinica: op :rating mode of the system. For
example, Standard calibration procedures, Standard clinical sequencc, aid Standard reconstruction
processes shall be used. No modifications to alter test results sh/ul be used unless otherwise specified in
these Standards.

The NEMA Magnetic Resonance Section has identified 7. set 0. key magnetic resonance image quality
parameters. This Standards publication describes the mcast ement of one of these parameters.

Equivalence

It is intended and expected that manufacturers ai others who claim compliance with these NEMA
Standard test procedures for the determir at‘on. of image quality parameters shall have carried out the
tests in accordance with the procedure. sponiiied in the published Standards.

In those cases where it is impossibic.2. impractical to follow the literal prescription of a NEMA test
procedure, a complete descript or of any deviation from the published procedure must be included with
any measurement claimed £Jun ~lent to the NEMA Standard. The validity or equivalence of the modified
procedure will be determinea Yy the reader.

Uncertainty of the Meac::vements
The measurame.t uricertainty of the image quality parameter determined using this Standards publication

is to be reporte, tegether with the value of the parameter. Justification for the claimed uncertainty limits
shall alsohe provided by a listing and discussion of sources and magnitudes of error.
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Foreword

This Standards publication is classified as a NEMA Standard unless otherwise noted. It describes four
methods to measure image signal-to-noise ratio (SNR). It is intended for use by MRI system
manufacturers, manufacturers of accessory equipment (including radiofrequency coils), and by MRI end
users.

The major feature of the first method is that the SNR performance of the system is evaluated using a
Standard clinical scan procedure. However, it should be noted that since this method involves the
subtraction of two images, it can be very sensitive to system instabilities that may occur during tho daa
acquisition process. If results are highly variable, it is advisable to perform the alternative calculatior. of
Standard deviation, described in method #1, or use methods #2, #3, or #4. These alternative meti.nds
have been designed to be less susceptible to system instabilities and can be used to deter hine f uny
variability in the SNR is due to system instability or genuinely poor SNR. Both methods are in.=nded to
measure thermal and other broadband, non-structured noise, and specifically do not ac Iress low
frequency variations in an image or artifacts as defined herein.

This Standards publication has been developed by the Magnetic Resonance Sec.on of the National
Electrical Manufacturers Association. User needs have been considered ti.-bug. out the development of
this publication. Proposed or recommended revisions should be submitted to.

Vice-President, Engineering Department
National Electrical Manufacturers Association
1300 North 17t Street, Suite 1752

Rosslyn, VA 22209

This Standards publication was developed by the Magneti.. Re ;onance Section. Section approval of the
Standard does not necessarily imply that all section Members voted for its approval or participated in its
development. Ahe time it was approved; the Magne‘ic Resonance Section was composed of the following
Members:

Computer Imaging Reference Sy: terns—Norfolk, VA
GE Healthcare, Inc.—Milwauk¢=, v

Hitachi Medical Systems Amc rice., Inc.—Twinsburg, OH
Invivo—Gainesville, FL

Philips Healthcare—Ardc.er MA

Siemens Medical Sciuticns; Inc.—Malvern, PA
Toshiba America Me Yical Systems—Tustin, CA
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Rationale

Image SNR is a parameter that relates to clinical usefulness of magnetic resonance images and also is a
sensitive measure of hardware performance. Experience has shown that variations in system calibration,
gain, coil tuning, radiofrequency shielding, or other similar parameters are usually demonstrated by a
corresponding change in image SNR.

Scope

This document defines methods for measuring the signal-to-noise ratio of magnetic resonance imagec
obtained under a specific set of conditions and using single-channel volume receiver coils. Thisloccment
does not address the use of special purpose coils (see MS 6) or coils that employ multiple rec=ive,
channels for operation (see MS 9).
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