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Background

Dr. Moriel S. NessAiver’s experience
174 yearly performance tests (98 magnets over 3.5 years)

18 (10.3%) without deficiencies

19 (21.3%) with minor deficiencies, not affecting image quality

137 (78.7%) with deficiencies, directly affecting image quality
» 144 phased array coils (19.2%) with significant problems
» 22 systems (12.6%) with homogeneity problems

» 10-20% scanners: excessive RF noise, excessive ghosting, poor gradient calibration,

poor hard copy (film), and soft copy performance
» 1 vendor’s TSE with slice thickness 18-23%
» 1 vendor’s TSE with slice thickness 20-25%

The graphs on the right depict 32
months of automated daily QA
analysis.  Of particular note are the
jumps in the sagittal length values
along with corresponding changes in
the axial diameters. The deviations
from the ideal ACR spec values
occurred every time the GE service
engineer performed a PM and were
restored to the ideal values at the
physicist’s next visit.
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A QC Team

* Guide initial QC test

« Assure correct execution of QC procedures
*» Review QC notebook annually

« Answer image quality questions

« Help identify/correct image quality problems

« Inform image quality problem in clinical reading

« Decide to continue/postpone pending corrective action
« Participate in QC program establishment

« Monitor QC results regularly

QC Testing Frequency

Technologist’s QC testing

e Weekly: minimum recommended frequency

e Dalily: strongly recommended by ACR

* More frequently: if problems detected often, equipment unstable, repair, upgrade

Table 1. Minimum Frequencies of Performing Technologist's
QC Tests

Minimum Approx.
Procedure Frequency Time (min)

Center Frequency Weekly 1

Table Positioning Weekly

Set up & Scanning Weekly

Geometric Accuracy Weekly

High Contrast Resolution Weekly

Low Contrast Resolution Weekly

Artifact Analysis Weekly

Film Quality Control Weekly

Visual Checklist Weekly

*Some measurement can be performed simultaneously
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Record Notebook Examples

Data form for weekly QC
¢ Template from ACR 2004 MRI QC Manual

e Examples

A. DATA FORM FOR WEEKLY MRI EQUIPMENT QUALITY CONTROL
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Record Notebook Examples

QC visual checklist
e Template from ACR MRI QC Manual

* Examples
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“Table OK?”

Table OK?
A test about the accuracy of the laser localizer
If the table positioning system functions properly and the center of the sagittal
image of the phantom is within +/-2mm of the central grid structure on the
phantom--- ACR Manual 2004 version
Frequently ignored by technologists

Most technologists misunderstand that it is a check of whether the table move
smoothly
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“Table OK?” on GE Scanner

Procedure
Open the sagittal localizer image

User “Crosshair” to check the top edge of the vertical bars
The location should be within £ 2mm
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“Table OK?” Offline Measurement

Philips EBW
* Open the sagittal localizer image
» User “Crosshair” to check the top edge of the vertical bars
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“Table OK?” Offline Measurement

Philips EBW
e 58 mm (>2mm)
¢ MRI service is required to adjust the laser

10 em

Etl- 1. TA: 80 deg.

Central Frequency Drift Rate

* Definition
» Center frequency run down over time
* Drift reasons
» Windings are not perfect superconductors
» Eddy current interactions
* Allowed drift level
» 1.5 ppm per week (ACR MRI QC guide, 2004)
* Corrective action
» Ask medical physicist or MRI scientist to re-check
» Ask service to monitor the units to ensure
1. B, field within RF transmit/receive frequency range
2. Drift rate does not increase
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Center Frequency on GE scanner

* GE Signa Horizon 1.5T
» Place the phantom
» Click “Auto Prescan” before run the localizer sequence
» Record TG (transmit gain) and AX (central frequency)

s L

Center Frequency on GE scanner

» GE Signa Horizon 1.5T
> Text page > Series page
» Record central frequency and transmit gain
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Center Frequency on Siemens Scanner

* Procedure
» Before run a sequence, e.g. ACR T1 axial
» “Options” > “Adjustments...”
» Record central frequency and transmit gain

Distance Measurement

« Set display window width and level/center

> To have the edges at the half-maximum value of the signal intensity
» Skipped by some technologists

> First set window width to 0 or 1

» Adjust level/center about ¥2 white and % black, record level value

> window width = recorded level value

» window level/center = ¥ recorded level value

£
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Distance Measurement: Sagittal

* Sagittal Image
» Measure phantom length
» <148 &= 2 mm
» Avoid going through the black bar

W

Distance Measurement: Problem

* Sagittal Loc Length
» 146.4 mm
» 147.0 mm

10
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Distance Measurement: Solution

* Receiver bandwidth (rBW)
» Low rBW for high SNR
» May cause measurement failure
> Due to field inhomogeneity Bandwidthl
» Increase rBW may improve accuracy

15.6 kHz . 31.3 kHz 62.5 kHz

Distance Measurement: Axial

* Axial slice #5
» Diameters of the phantom
» One vertical; One horizontal
» <190 & 2 mm
» Examples:

11
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Spatial Resolution Measurements

* Procedure
» Magnify image x2-4
» Set a small window width
» Increase window level to identify hole arrays
» Record smallest hole size

* An example
» (1.0) Rows 1 through 4 of the UL array are resolved

» (1.1) no columns or column 4 of the LR array could be resolved at 1.0 (

Figure 9:
() Typical appearance of well-resolved holes. Rows 2 through 4 of the UL array
of th o i

arting from th
of the UL
discarmible fr f the
row below. So, the horizontal dire d at this. hole size. None of th
array show more than 3 discernil

Resolution: ZIP

* Zero filled interpolation (ZIP)
» Original image matrix: 256x256

Unfiltered Image k-space data
256x256 256x256

Courtesy of Dr. Moriel S. NessAiver

13



G.Jia: AAPM 2013: Tech's Tests 8/6/2013

Resolution: ZIP

* Zero filled interpolation (ZIP)
» ZIP512: zero fill up to 512x512
» Better image resolution
» Cost
1. Slower reconstruction time
2. Longer to transfer

3. Takes up more disk space

Unfiltered Image k-space data
512x512 512x512

Courtesy of Dr. Moriel S. NessAiver

Resolution: ZIP

* No ZIP
» UL: 1.0
> LR: 1.1
> Not passing ACR criteria

e with ZIP512
» UL: 0.9
> LR: 0.9
» Passing ACR criteria

14
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Low Contrast Detectability

* Procedures
» Spoke: a row of small disks
» Rows radiating from the center of a circle like spokes in a wheel
» Slice #8 to #12: contrast 1.4%, 2.5%, 3.6% and 5.1%

LCD Spokes

* An example
1. Always 10 spokes?
2. Because the technologist used slice #11
3. Should use the specified slice

T TmwmEeEmTTOTr T
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Artifacts

* Examples

1. Zipper artifacts
1. Most are related to hardware or software problems

2. (RF leakage) perpendicular to frequency direction

Miscellaneous Problems

* Problems

1. Central frequency
4 digits? (should be 9 at 3T)

e Units: Hz or MHz?
2. Phantom distance: 3 digits? (should be 4 if possible)
3. Air bubbles in ACR phantom? May not affect QC test

Frequency

8/6/2013
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Hard Copy Image QC

* Ensure artifact-free laser films with consistent gray levels
1. Frequency: Initiation and weekly routine QC
2. Equipment: Densitometer and Laser Film QC Chart
3. SMPTE test pattern
Display on the filming console
Examine 0/5% and 95/100% patches
Film the SMPTE pattern
Measure optical density of the 0, 10%, 40%, and 90%
Record results on Laser Film QC chart

4. Control Limits

Additional Tests: ADNI

» ADNI (Alzheimer's Disease Neuroimaging Initiative) Magphan® phantom
» Quantitative Imaging Phantom
» Precise, Comprehensive Measurement of 3d Spatial Distortion Quality Control
» 165 spheres made from polycarbonate plastic

8/6/2013
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Diffusion Phantom

* Ice-cold phantom
» Compare ADC values of a known, temperature-controlled fluid
» Multiple vendors/sites/field-strength MR systems
» To confirm proper MR system gradient b-value calibration
» Acquire a three-axis DWI scan at b = 0, 500, 800, 1000, 2000

ADC map

Water at ~0°C

1 Liter cylindrical container Sagittal Coronal

Icewater Diffusion Phantom
Marko lvancevic

Perfusion Phantom

) ACRIN CQIE Body Phantom
Dynamic contrast-enhanced MRI (DCE-MRI)

Phantom Tests
» Provide means for qualitative and quantitative
evaluation, including T1 map error estimation,
temporal resolution and image quality
» Evaluate compliance with image acquisition
protocols

Phantom Scans: Body DCE-MRI

= 3 Plane Localizer

» Body Coil Map —15° (tuned, with pre-scan)

= Array Coil Map — 15° (not tuned, no pre-scan)
= T1 Map-30" (tuned, with pre-scan)

= T1 Map- 15" (not tuned, no pre-scany

= T1Map=5" (not tuned, no pre-scan)

= Dynamic Scan - 30" (not tuned, no pre-scan)

18
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Question 1: Allowed weekly CF
drift from ACR Manual?
20 1. 0.1 ppm
20 2. 1.0 ppm
20 3. 1.5 ppm
20 4. 2.0 ppm
20 5. 2.5 ppm

Question 2: Transaxial geometric accuracy
measurements should be on slice#?

20% 1. 1
20% 2. 3
20 3. 5
20% 4. 11
20 5. Any slice

19
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Question 3: Table OK is for
checking?

20% 5. Vertical bed movement
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