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Purpose    

ÅOutline a QA program that is  

ü Responsive to clinical US lab accrediting bodies, ACR and AIUM  

ü Effective at detecting some important system flaws 

ü Can be carried out effectively by medical physicists 

ÅDiscuss advanced tools that may enhance or even serve 

as an alternative to methods that will be discussed  

ü UltraIQ analysis software for phantom images 

ü Aureon transducer tester 

ÅIntroduce Doppler tests (currently not required by ACR) 

 

 

 

Information on US QA 
Å Goodsitt M M et al 1998 Real-time B-mode ultrasound quality control test 

procedures. Report of AAPM Ultrasound Task Group No. 1 Med. Phys. 25 1385 

Å IEC 61391-1 (2006) Ultrasonics ï Pulse-echo scanners ï Part 1: Techniques for 

calibrating spatial measurement systems and measurement system psf response 

Å IEC 61391-2 (2010) Ultrasonicsï Pulse-echo scanners ï Part 2: Measurement of 

maximum depth of penetration and local dynamic range (1996) 

Å IEC 62736 Ultrasonics (2016) ï Pulse-echo scanners ï Simple methods for 

periodic testing to verify stability of an imaging systemôs elementary 

performance  

Å AIUM 2014, AIUM Quality Assurance Manual for Gray Scale US Scanners.  

Å King et al, Evaluation of a low cost liquid ultrasound test object for detection of 

transducer artefacts. Phys. Med. Biol. 55 (2010) N557-570. 

Å Hangiandreou NJ et al, Four-year experience with a clinical ultrasound 

quality control program. Ultrasound in Med. & Biol. 37: 1350-57, 2011. 

Information From US Accreditation Bodies 

ÅUltrasound Accreditation Program Requirements, Am 

College of Radiology, (3/22/17 rev) 
http://www.acraccreditation.org/~/media/ACRAccreditation/Documents/Ultrasound/Requir

ements.pdf?la=en  

ÅACR-AAPM Technical Standard for Diagnostic Medical 

Physics Performance Monitoring of Real Time Ultrasound 

Equipment. (2016) 
https://www.acr.org/~/media/ACR/Documents/PGTS/standards/US_Equipment.pdf 

ÅAIUM 1998, American Institute of Ultrasound in Medicine, 

Routine Quality Assurance for Diagnostic Ultrasound 

Equipment. http://aium.s3.amazonaws.com/resourceLibrary/rqa.pdf 

 

Annual Surveys, Routine QA (ACR) 
ÅAcceptance testing, 6-month Routine QC: optional 

ÅAnnual surveys: required      

ü Physical and and mechanical inspection; sterility  

ü Image display performance 

ü Image Uniformity  

ÅElement ñdropoutò and other sources on non-uniformity 

ü System sensitivity and/or penetration capability 

ü Geometric measurement accuracy during program initiation (optional 
for annual survey) 

ü Contrast resolution, spatial resolution: optional items for annual 
survey.                      http://www.acraccreditation.org/Modalities/Ultrasound 

Physical and Mechanical Inspection, ACR 

ÁConsole 

Á Air filters 
Á Lights, indicators 
ÁWheels, wheel locks 
Á Proper cleaning (are procedures in place?) 
Á Viewing monitor, keyboard clean 
ÁOther safety issues 

Air filters 

Before After 
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Image Display (Scanner and PACS) 

ÅImportant for monitor on machine 
to be set up properly to view all 
echo levels available and entire 
gray bar pattern. 
ü Set up during acceptance testing 

ü Take steps to avoid casual 
adjustments (mark or inscribe 
contrast and brightness controls) 

ÅMost machines provide one or 
more gray scale test patterns for 
setup and for routine QC. 
ü are all gray bars visible? (System, 

PACS) 

www.philips.com 

Gray bar on GE Logiq 9 

Image Display (Scanner and PACS) 

ÅGain and sensitivity adjustments done 
using system monitor 

Å Intrepretation most often done on a 
PACS workstation. 

Å Important that there is agreement 
between image features viewable on 
PACS and the features seen on the 
system monitor. 

ÅWe were finding that the 15 gray bar 
pattern built into the machine was not 
sensitive enough to subtle, but important 
faults in monitor agreement. 
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SMPTE, TG18 or Other Gray Scale Test Pattern 

ÅAvailable on most 

scanners  

Å0% to 100% gray 

bar pattern 

ÅSquares for 

detecting geometric 

distortion 

ÅAre all gray 

transitions visible? 

Å Is the 0-5% 

transition visible? 

Å Is the 95-100% 

transition visible? 

 

 

TG18: Q=0+14  
l=1  

Q=128+14  
l=129  

Q=255-14 
l=254  

Monitor agreement (cont.) System Worksheet, page 2 of Report for 
each scanner  
  
  

General Machine Cleanliness:  
Keyboard and knobs clean?   Yes No 
Monitors Clean?    Yes No 
Air Filters clean?    Yes No

  
  
Mechanical and Electrical:  

Wheels fastened securely and rotate easily?  Yes No 
Wheel locks work well?   Yes No 
Accessories fixed securely?   Yes No 
Cords attached securely?   Yes No 
  

PACS Workstation -System Monitor  
Contrast and Brightness between scanner and workstation: 

1 poor       2             3 average          4               5 excellent 

  
Assessment made from Both 1 & 2  below:  
Generate a gray bar pattern. Save it to PACS. 

Number of gray levels seen on the system monitor 15+  

Number of gray levels seen on the PACS  15+ 
      *Gray bar visualization:  
With ñpatientò registered, push ñexam utilities;ò push ñtest pattern.ò 
Record an image and compare to the workstation 

Count the number of gray levels seen in the room and on the PACS monitor. 
SMPTE Pattern:  0-5% transition: seen on system monitor: NO     seen on PACS: YES 
  95-100% transition: seen on system monitor: YES   seen on PACS: YES 
  

For low level echo detectability, do probes óDepth of Penetrationô results judged on the system monitor agree 
what you would have chosen if judging on PACS? 

Yes  

Generate a gray bar pattern. 
Save it to PACS. 

Number of gray levels 
seen on the system 
monitor 15+  
Number of gray levels 

seen on the PACS  15+ 
SMPTE Pattern:  0-5% 
transition:  
    system monitor: NO      
    PACS monitor:   YES 
SMPTE Pattern:   95-100% 
transition: 
    system monitor: YES    
    PACS monitor:    YES 
  

 

Routine QA: Transducers 
ÁCheck all transducers on the system 

Á (most facilities have many interchangeable probes that float among 
systems; a systematic approach to evaluate all probes should be in place. 

ÁTransducer Inspection Delaminations 
Á Frayed cables 
Á Proper cleaning 

www.providian.com 

Tests using phantoms. Current materials: 

Á Water-based gels 

Á Advantages: 
ÁSpeed of sound = 1540 m/s 

ÁAttenuation ~ proportional to frequency 
(specific attenuation expressed as 0.5 
or 0.7 dB/cm-MHz) 

ÁBackscatter 

Á Disadvantages: 

ÁSubject to desiccation (?) 

ÁMust be kept in containers 

ÁRequires scanning window 
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ÅSolid, non-water-based materials 

(urethane) 

ÅAdvantages: 
ÁNot subject to desiccation 

ÁNo need for scanning window; 
possibility for soft, deformable 
scanning window 

ÁProduce tissue-like backscatter 

Á Disadvantages: 
ÁC= 1430-1450 m/s 

ÁAttenuation ~ proportional to f1.6 

ÁSurface easily damaged if not 
cleaned regularly to remove gels 

Tests using phantoms. Current materials: Phantom test 1: Image Uniformity 

- Done with each transducer 
- This example is not a transducer fault, but a TGC problem 
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Image Uniformity 

 Ç Considered to be the 

most important and 

useful test! 

Ç  Ideally: 
ü No loss of sensitivity near 

edges of the image 

ü No discontinuities between 

tx focal zones 

ü No evidence of element 

dropout 

ü No vertical óshadowsô 

20 

Non-Uniformity caused by element dropout 

Á Most frequent fault 

seen in QA testing 

Á Image a phantom 

using good coupling 

Á Search for 

ñshadowsò 

emanating from the 

transducer 

Á Common in new and 

old probes! 

Disable spatial 
compounding 
 cross-beam 
 Sono-CT 
 Sea Clear 
 
Use single, 
shallow transmit 
focus 
 
 

Need Proper Technique to Detect Element Dropout 

Transducer with moderate element dropout 
Spatial compounding disabled 

Difficulties with Uniformity 

ÅVisualizing 1-2 element dropouts 

ÅUse persistence; translate transducer. 

 

 




