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Extremity

However, accreditation requirements have changed
significantly since 2004.

Specifically, due to the changing requirements of both th
Centers for Medicare and Medicaid Services (CMS) a
the Joint Commission (JC)

CMS requires that all facilities providing Advanced Diagnostic
Imaging” services that are billedunder Part B of the Medicare
Physician FeeSchedule by one ofthe CMS
approved accreditation organizations by January 1, 2012:

AmericanCollege of Radiology (ACR)
IntersocietaAccreditation Commission (IAC)
JointCommissior(JC)

MRI, CT and Nuclear Medicine/PET

Joint Commission Guidelines

Restrict access to all MRI sites by implementing the four
zone concept as defined in the

. The four zone concept provides
for progressive restrictions in access to the MRI scanner:

Zone |: General public
Zone |l: Unscreened MRI patients
Zone lll: Screened MRI patients and personnel

Zone |V: Screened MRI patients under constant direct
supervision of trained MR personnel

Kanal E, Barkovich AJ, Bell C, et al. ACR guidance documenton MR
safe practice: 2013. J Magn Reson Imaging. 2013;37(3):501-530.
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Overview: ACR MRI QC Manual 2014

Relatively minor changesfrom the 2004
version. Changes primarily for clarification.
Added alternative methods for SNR and field
homogeneity with emphasis on MRI safety.

Updated version to be released in 2014
(Electronic with FAQs and annual updates) Magnetic Resonance Imaging

Radi ol Segtionst 0 s
(Requirements and role in a QA program)

Technologistds Secti
(Recommendeddaily /weekly QCtests)

Medi cal Physicist [/
( QC program/Annual performance tests)

44

W The Joint Commission
Proposed Standards Changes for
Diagnostic Imaging Services
Hospital Accreditation Program 8/8/2013

For hospitals that provide magnetic resonance imaging (MRI) services: At least
annually, a medical physicist or MRI scientist conducts a performance evaluation of all
MRI imaging equipment. The evaluation results, along with recommendations for
correcting any problems identified, are documented

A Low-contrast resolution (or CNR)
A Geometric or distance accuracy
A Magnetic field homogeneity

A Artifact evaluation

A Image uniformity

A Slice thickness accuracy
A Slice position accuracy

A High-contrast resolution

MRI Safety:

A The hospital must managesafety risks in the MRI environment.
A MRI staff must participate in education andtraining on safe
practicesin the MRI environment

The Centers for Medicare and Medicaid Services
(CMS) now require that all MRI facilities who bill under
Part B Medicare to:

Meet all ACR performance guidelines

Operate atafieldst rengt h O 1T
Be accredited by ACR, JC or ICAMRL

Offer biopsy services

Provide both head and body scans



The Centers for Medicare and Medicaid Services (CMS)
now require that all MRI facilities who bill under Part B
Medicare to:

Meet ACR performance guidelines
Operate atafield-st r engt h O 1

Offer biopsy services
Provide both head and body scans

MR Technol ogi st 6s

Technologist isresponsible
for weekly/daily QC tests

AC

Center frequency RADISLEGY
Table positioning
Setup and scanning
Geometric accuracy
High-contrast resolution
Low contrast resolution
Artifact analysis
Laser camera QC

(if applicable)

2004
Magnetic Resonance Imaging

Visual checklist

Weekly Visual Inspection

ACheck patient table, patient communication, patient
Aipanic buttono, table mov
light indicators

ACheck RF room integrity (doors contacts and windowjs

ACheck emergency cart, safety lights, signage, equipme
for MR compatibility and all patient monitors

ACheck all RF coils for damage and cable integrity
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The SupervisingRadiologist has overall
responsibility for the

Responsibilities include:
A Assurance of staff training

A QC Program Review

. . Magnetic Resonance Imagin
A Medical Physicist 9 £

assignment
A Annual Testing Review
A Safety Program Review

A Maintenance of Records
and Documentation

Technol ogi st 6s Se(d

Table 1. MINIMUM FREQUENCIES OF PERFORMING
TECHNOLOGIST’S QC TESTS

Minimum
Procedure Frequency

Center Frequency

Table Positioning

Sct up & Scanning

Geometric Accuracy

High Contrast Resolusion

Low Contrast Resolution

Anifact Analysis

Film Qualiry Control
Visual Checklist

“Some

Summar y: Technol og

ATechnologist must perform QC tests at least weekly ang
record the results in the QClogbook

Alf any test result exceeds the appropriate action limit
(established by Medical PhysicistMR Scientist), the test

. If the result still fails to meet the
action limits, the serviceengineerand/or medical
physicist shouldbe notified.

AAction limits are generally based on multiple
measurements over extended timperiods

A
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The ACR MRI accreditation program requires The ACR MRI accreditation program requires
the technologistés wee the technologistodos wee
assessment of: assessment of:

. . . Slice thickness accuracy
Slice thickness accuracy Magnetic field uniformity

Magnetic field uniformity Slice crosgalk interference

Slice cross-talk interference

Geometric accuracy . Slice position accuracy

Slice position accuracy Reference: ACR website
ACR MRI Quality Control Manual 2004
Technol ogi st 6s Sect

Medi cal Physicistos/ Establishing Action Li
Medical Physicist is responsible for establishing the system QC
Program and for Annual performance testing. Specific action limits are the responsibility of the medical physicist but must

be at least as restrictive as the ACR recommended guidelines.

ACR How to start?

RADIOLEGY ) . )
1. Service engineer should run all vendor tests to assure system is

performing to vendor specifications
2004

Magnetic Resonance Imaging . Establish baseline during acceptance testing (AAPM Report 100)

n
"
"
"
w
"
»
"

Collect fAweeklyo QC data for at |
Central frequency
Transmitter gain / attenuation
Geometric accuracy
High contrast resolution
Low contrast resolution

Record as fiBaselineo in Technolog

QC Phantom Selection AcceptanceTesting: Image Performance

The selection of the phantom used for routine QC is the (Similar accreditation annual performance tests.)
responsibility of lthAe medical physicist. The phantom shoulq be . Static Magnetic Field: Uniformity and Drift
capable of providing assessment of the JC/ACR/IAC required RF Svst
parameters and will typically dependent upon the type of . _ys S
scanner: . GradientSystem
AWhole body scanners Large Phantom o S_yste_rrmeasurem_ents eb
X 3 . Slice thickness and position accurg
AExtremity (Breast) scannersi Small Phantom Signatto-Noise Ratio (SNR)
Percent Image Uniformity (PIU)

p q Acceptance Testin

P?rcem Signal thstlng (PS_G) and Quality APssurance Prfcedures
High-contrast spatial '_'e_s°|u“°n for Magnetic Resonance Imaging Facilities
Low-contrastdetectability

. Advanced MR System Tests
Ultrafast (EPI) Tests (N/2 ghosting and spatial distortion)
Spectroscopy Tests (VOI position accuracy and spectral quality)

ACR Large Phantom: 190 mm ACR Small Phantom: 100 mm



http://www.acr.org/
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Establishing Action Limits
System #8 (0.35T Permanent)

Determine mean and standard 2 » S,
deviation (SD). May need to us&l2SD depending D PR P AT TR PRI PK
upon the system. 2725700

1. Central frequency expressed in ppm (typic&lly.5 ppm)
(1.5 ppm @ 1.5T ~ 96 Hz or determined from statistical analysis)

2. Transmitter Gain or Attenuation (expressed in dB)
3. Geometric Accuracy {2 mm)

4. High-Contrast Resolution (at least 1mm)

5. Low-Contrast Detectability {1 or 2 SD)

6. Artifacts (any artifacts should be noted and image sav

DATA FORM FOR DAILY MRI EQUIPMENT QUALITY CONTROL

Annual Performance Tests Technologist

Reviewd By s S M, QC (Weekly) st
——r ( indicate new 2014 requirements.) (Annually)

Slica 7
s Table Positioning, Setup and Scanning
o B S i Center (Central) Frequency

Transmitter Gain or Attenuation

Geometric A cy

High-Con al Resolution

Low-Contrast Detectability

Artifact Evaluation

Hardcopy (Film) QC (if applicable)

Visual Checklist

Percent Signal Ghosting (PSG)

Image Intensity Uniformity (PIU)

Magnetic Field Homogeneity

Slice Position Acc /

Slice Thickness A cy

Radiofrequency Coil Checks (SNR and PIU if volume coil)
16 Soft Copy (Monitor) QC
17

& |mmmnaeess |
2 522, 740,05
m

4|6 % & |14 ||| |8 |5 & |4 5|4 8| 2| 4|2 5| 5|

As part of annual testing, physicist must repeat and evaluation weekly Tech QC
measurements as well as the sequences required for accreditation submission.

Annual System Performance Evaluation ACR Annual Performance Report Measurementsg t 0

1 . Magnetic field uniformity

1
L L . 2. Slice Position Accuracy
ASetup and positioning accuracy (mechanical inspection) 3. Slice Thickness Accuracy
4

A Central frequency. . RF Coil Checks

A Transmitter gain or attenunation (head coil RF calibration) a. Volume Coils

A Geometric accuracy (gradient calibration) Signatto-Noise Ratio (SNR)
AHigh contrast spatial resolution Percent Image Uniformity (PIU)
A Low contrast detectability Percent Signal Ghosting (PSG)
Almage artifact assessment b. Surface Coils (Coil arrays)
AHard copy (film) QC MEVRILD SN

: . Soft Copy (Monitor) Display
ﬁ\S/.Oﬁ clop'y ('\Ql(.)'lltor) QC Max and Min Luminance
HiEl e s Luminance Uniformity
2 SMTE pattern evaluation

Note: Annual Performance Report
Must include some form of field uniformity assessment
Must have monitor assessment




Prior to annual coils checks physicist should:

Alnventory and inspect all cables, coils and connector boxes

A Record coilserial number and manufacture date

A Report any findings to site vendor service engineer
ARepeat all weekly/daily tech
A Perform all scans required for accreditation application

Annual Magnetic Field Homogeneity Testing

(2014 Manual provides alternative methods:

A Spectral FWHM with large sphere (only global sensitivity)
A PhaseDifference Method (Provides planar map image)

A PhaseMap Method (Provides planar map imape

A Bandwidth-Difference Method

(Chen, et aMed. Phys33 (11), 2006. only sensitive along frequency axis.

For systems that do not allow any of these
met hods. One may wuse the
shim report (< 6 month).

SpectraFWHM Method

With the sphere inthe
coil, use manuabprescan
to obtain and display the
spectrum of the
resonance frequencies.

Determinet h e
width at
(FWHM) of the
spectrumand express in
units of ppm.

Note: Spectral method
provides a global
assessment of field
homogeneity over the
size of the signal
producing phantom.

FWHM(ppm) = FWHM (H2)/ 63.87 By(T)
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For RF coils tests, choose most appropriate phantom for the coil geometry.
A Positioning and scan technique should be documented and reproducible

A Each individual array element should be tested

A

Magnetic Field Homogeneity

Spheres are provided by some vendors and
can be used for the homogeneity tests.

The spherical volume diameter should be
similar to that citefd
homogeneity specifications.

The sphere should be placed at the field
isocenter

PhaseDifference Method

Acquire two gradienecho images with different echo times. Display and store as phase
images. Subtra¢he second phase image from the first to obtain a phase difference image in
which each pixelds intensity represents t
acquisitions, since the T2 of the solution is constant.

The difference DB,) between the Bfield at a given voxel and the reference value at the
center of the field of view (FOV) is:

DB, = (Df / 9/(TE; -TEy),
where theDB, is inmT, Df is the phase difference in radiagss the
gyromagnetic ratio (42,548 z A'thF 267,513 radians per second per’fdf protons) and
the TE values are in units of seconds
Repeathis procedure to obtain data from other planes.
Determinethe greatest difference in any plane between the valueBofithin circular

regions of interest having specifics.v This value divided by theBield strength of the
magnet will yield the homogeneity (in ppm) for the specifiesiv



PhaseDifference Method

TE1=10ms TE2 =20ms

Phase Image 1 Phase Image 2

Difference Image

The phase-difference method provides a spatial map of the field homogeneity
within the chosen plane. Additional plane orientations should be used to provide
a measure of volumetric homogeneity.

Note: Consult system manufacturer to determine the units used
for the value of the phase pixels (e.g. radiansX1000)

B ndW|dth Difference Method

Sagittal Coronal

BW, - BW, - (x] - x3)
Hplppm) = S -
¥- By - FOV,(BW; - BW),)

8 Hz/pixel 155 Hz/pixel Difference
The BW-difference method is sensitive to homogeneity in the frequency-encode
direction only and thus should be repeated at different orientations.

g MR systams

Med. Phys. 93 (11), Novembar 2005

The assessment of magnetic field uniformity is
required:

At the time of equipment installation only
Only for systems of
To be performed by the service engineer

To be O 1.5 ppm

http://www.acr.org/~/media/ACR/Documents/Accreditatig
n/MRI/Requirements.pdf
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Phase-Map Method

Gradient Echo Sequence: TE ~ 1/resonance frequency (ppm)
(e.9. 1 ppm @ 1.5T = 1/63 Hz = 15.6 ms)

/ e /

TE = 10 ms ~ 0.8 ppm/transition TE = 20 ms ~ 0.4 ppm/transition

The assessment of magnetic field uniformity is
required:

At the time of equipment installation only
Only for systems of
To be performed by the service engineer
As part of each annual testing

To be O 1.5 ppm

ACR Large Phantom Analysis

Five sequencesACR T1, DuatEcho T2, and Site T1 and T2
(SE 50/500 and SE 280/2000ms 25 cm, 256X256, mulsilice (11 at 5mm), 1 NEX)

gﬂl Il#g

|I |# 0 l#ll

Localizer: Geometric Accuracy (z)
#1) Slice thickness and position, geometric accuracy, high contrast resolution
#5) Geometric accuracyy)
#7) Percent image uniformity (PIU), Percent signal ghosting (PSG)
#8-11) Low contrast object detectability (LCD), and slice position (in #11)

Imagescourtesy of E.F. Jackson, PhD
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Slice Position Accuracy

A Magnify image by 24x

A WW: min (crisp ends)

A WL: not critical ~ % mean

A Measure bar length difference
A Record ¥% bar length difference

Example:

Slice position error =
(33.2mm1i 28.0 mm)/2 =
5.2mm/2 = 2.6 mm

Slice 1

ea e and Record 1o eome A a
[
I S I B B IO B O )
I -
-
| ==
l
- S
HEER

ACR Guidelines for Phantom Scans

Large Phantom
(FOV = 25 cm, 256X256)

Dimensional accuracy (Sagittal) 148 +2 mm
Dimensional accuracy (Axial)
Slice Thickness
Slice Position
I mage Uniformity (PIU)
-3
Percent Signal Ghosting
High-contrast Resolution 1mm
Lowcontrast Detectability Score

0 37 (3T)
Small Phantom
(FOV =12 cm, 152X192)

100 +2 mm
100 + 2 mm
5+0.7mm

Dimensional accuracy (Sagittal)
Dimensional accuracy (Axial)
Slice Thickness

Slice Position
I mage Uniformity (Pl U)
Percent Signal Ghosting
High-contrast Resolution 0.8 mm
lowcontrast Detectability

QC Measurement of Geometric Accuracy

(Sagittal localizer: true dimension 148 mm)
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Measurement
=147.5mm

1) Set WW to 1 (minimum) then raise WL until ¥ of water is dark
(This value of WL is an estimate of the mean water intensity.)

2) Now set WW to the value of WL determined above and set WL to ¥z that value.

3) Make measurements using length/distance tool provided by vendor

Slice Thickness

Slice 1
Two 10:1 ramps

A Magnify image by 2-4x
A Define two ROIs, one over

center of each ramp (entirely
within ramp)
A Obtain average intensity from
he two ROIs




Slice Thickness
Measurements:

A SetWLto % average intensity (~mean)
A Set WW to minimum

A Measure lengths of top and
bottom ramps

A Calculate slice thickness

LK R

. . (top x bottom)
Slice thickness = 0.2 x

(top + bottom)

Criterion: 5.0 +/- 0.7 mm

Gradient Distortion Correction Effect on Spatial Resolutid

With Correction

Ghosting

Window and level to
make sure ROls are
in the background
noise.

(Warping of image
space due to
gradient nonlinearity
corrections.)

2/19/2014

High Contrast Spatial Resolution

A Turn off gradient distortion
correction algorithm (if possible)

A Magnify by 2-4 X

A Use UL for horizontal resolution
and LR for vertical resolution

A Must be able to resolve 1.0 mm
holes vertically and horizontally

A Set WW and WL for visualization

hole resolution
array pairs insert

Slice 1 Criterion: 1.0 mm

Percent Image Uniformity

Slice 7

WW: minimum
WL: as needed

Large ROI
(195-205 cm?)

(highi low) |
Percent integral uniformity (PIU) = 100 x = (high + low)

01.5 T 30T
Criterion: Pl WCrd t8err.i50 e

Low Contrast Detectability

Slices 8-11

Slice 8: 1.4%
Slice 9: 2.5%
Slice 10: 3.6%
Slice 11: 5.1%

Set WW and WL for visualization

15T or less
Criterion: O 9

30T )
Criterion: O



Volume Coil Measurements
Note: If possible intensity correction algorithms should be off.

Must assess far'| coils that are
used clinically:

1. SNR (signatto-noise ratio)

Noise ROI O

2. Uniformity ercent image unitormity: P1U)

3. Ghosting ratio

>
Phase Encoding

Use ACR Phantom slice #7

Image compliments of Geoff Clarke, Ph.D.

Volume Coil Measurements: (2014 ACR Manual)

Signal-to-Noise Ratio
Me. i Mean Si
SNR Mean Signal Mean Signal
[o’w V2-7/2) [

Percent Image Uniformity (same)
Max ROI — Min ROI
Max ROI + Min ROI

J

N\

PIU:][]OO(]—
\

Percent Signal Ghosting (same)
|(Zeft

PSG=100s| ——— —————
‘_ 2 Mean Signal

Bottom

AAPM REPORT NO. 100: Acceptance Testing and Quality Assurance Procedures for
Magnetic Resonance Imaging Facilities (2010), One Physics Ellipse, College Park, MD.

NEMA MS 1-2008: Determination of Signal-to-Noise Ratio in Diagnostic Magnetic
Resonance Images (Method 4)

When evaluating high-contrast spatial resolution, it is
recommended that:

The smallest FOV be used

Gradient distortion correction be turned off

The largest available acquisition matrix be used
Receive-only coils should not be use
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Imagelntensity Correctiorlgorithm used for coil arrays
will affect backgroundindthe calculated SNR,
e.9.SCIC, CLEAR and®URE. Recommend turning off
image intensity correctiowhen assessing coil SNR.

With intensity correction With intensity correction

SNR Image-Difference Method

Difference Image

Ot

Image 1 = Image 2

az corrects

ropagation.
ifs propag:

AAPM REPORT NO. 100: Acceptance Testing and Quality Assurance
Procedures for Magnetic Resonance Imaging Facilities (2010), One Physics
Ellipse, College Park, MD.

NEMA MS 1-2008: Determination of Signal-to-Noise Ratio in
Diagnostic Magnetic Resonance Images (Method 1)

When evaluating high-contrast spatial
resolution, it is recommended that:

1. The smallest FOV be used

3. The largest available acquisition matrix be used
4. Receive-only coils should not be use

Reference:The Physics of Clinical MR Taught Through Images

Val M. Runge, Wolfgang R. Nitz, Stuart H. Schmeets, (2009)Thieme
pg170.




Volume Coil Report Surface Coil Report

Note: Reports should include assessment relative to previous performance or
assessment relative to similar systems

Example:

Surface Coil
Report

Testing Coil Arrays

The 2014 ACR MRI Manual recommendsthat the images from each coil element

be reconstructed and displayed individually to check fomalfunctioning array
elements. This is increasingly important with highdensity arrays. Asingle SNR
and/or uniformity measurement often will not detect a single bad element (or

even a few bad elements). Some scanners provide an easy option, selectable by
the technologist or other operator, to allow for the reconstruction and display of

the image from each element. On other systems, service or research mode access
is required.

Dead Coil
Elementin
8-channel
array

Images Courtesy of Ed Jackson
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Surface Coil Measurements
Use a phantom that most closely matches the coil geometry

Carefully record the geometry (best recorded with a
photograph) so that it can be reproduced in subsequent
measurements.

Measure and record timeaximumSNR
N

. ROl area ~ 0.15% of FOV B :
(e.g. 256X256 ~ 100 pixels) é({ .
A=

Maximum
Signal ROI
e
Noise ROI

Multi-element coils:

New guidelines recommend that each element be checked.

s

Phantom over coil Phantom over coil
element 3 element 4

t individual

SENSE Factor 2

Parallel Imaging with acceleration (8channel head coil): Not currently addressed

10



