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What are the rules or What are the rules or 

recommendations for CT QC?recommendations for CT QC?
AAPM SS 1995 (daily) & IPEM 91* (daily AAPM SS 1995 (daily) & IPEM 91* (daily 
or weekly)or weekly)

CT Number of waterCT Number of water
Image noise*Image noise*

State rules or recommendations?State rules or recommendations?

*Institute of Physics & Engineering in Medicine*Institute of Physics & Engineering in Medicine
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ACR CT AccreditationACR CT Accreditation

Continuous QC program must be established Continuous QC program must be established 
with aid of qualified medical physicistwith aid of qualified medical physicist
Physicist to determine test frequencyPhysicist to determine test frequency
Physicist to determine who performs testsPhysicist to determine who performs tests
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ACR CT AccreditationACR CT Accreditation

QC performed according to written QC performed according to written 
proceduresprocedures
QC results monitored annually by QC results monitored annually by 
medical physicistmedical physicist
Corrective action documented for tests Corrective action documented for tests 
which fall outside limitswhich fall outside limits
Service records maintainedService records maintained
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What are the recommendations?What are the recommendations?

Vendor specs? (criteria?)Vendor specs? (criteria?)
Minimal?Minimal?
Documentation standards?Documentation standards?
Action levels?Action levels?
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How about an example of a How about an example of a 

CT QC Program?CT QC Program?
UT MD Anderson CT QC ProgramUT MD Anderson CT QC Program

Water phantom scans each morningWater phantom scans each morning
Automated numerical analysis offAutomated numerical analysis off--lineline
Images reviewed for artifactsImages reviewed for artifacts
Every scanner reviewed daily by physics QC techEvery scanner reviewed daily by physics QC tech

Air scan program being evaluatedAir scan program being evaluated
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Slide 7 Why go to all this fuss?Why go to all this fuss?
Serious problems with artifacts in pastSerious problems with artifacts in past
Limited to axial mode neuro studiesLimited to axial mode neuro studies

Resulted in publication in RadiologyResulted in publication in Radiology
Radiology 236:756Radiology 236:756--761, 2005.761, 2005.

Resulted in hiring physics Resulted in hiring physics techstechs
Resulted in launching CT QC programResulted in launching CT QC program
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Slide 8 CT Fleet at MDACT Fleet at MDA
Routine diagnostic CT scanners:Routine diagnostic CT scanners:

2 642 64--slice slice 
7 167 16--sliceslice
4 44 4--sliceslice

Hybrid scannersHybrid scanners
4 PET/CT4 PET/CT
5 SPECT/CT5 SPECT/CT

Interventional CT scannersInterventional CT scanners
1 641 64--sliceslice
2 162 16--sliceslice

15 scanners on QC15 scanners on QC
8 scanners to add8 scanners to add

White font: GE HealthcareWhite font: GE Healthcare
Yellow font: Siemens MedicalYellow font: Siemens Medical
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““Auto QCAuto QC”” ProcessProcess

Use QA protocol on water phantomUse QA protocol on water phantom
Images automatically sent to computerImages automatically sent to computer
Automatically placed into directoryAutomatically placed into directory
Numerical analysis automatically initiatedNumerical analysis automatically initiated
(Similar program developed for MR)(Similar program developed for MR)

Artifact images reviewed manuallyArtifact images reviewed manually
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CT QC Scan ProtocolCT QC Scan Protocol

AXIAL onlyAXIAL only
Numerical analysis:Numerical analysis:

5mm thick, 240 5mm thick, 240 mAsmAs
Water & spatial Water & spatial reslresl’’nn sectionssections

Artifact analysis:Artifact analysis:
THIN imagesTHIN images
Cover detector surfaceCover detector surface
May require 2 image sets to achieve bothMay require 2 image sets to achieve both
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Numerical AnalysisNumerical Analysis

Water valuesWater values
Center Center –– MEAN, STD. DEV.MEAN, STD. DEV.
Peripheral Peripheral –– UNIFORMITYUNIFORMITY

Spatial Resolution sectionSpatial Resolution section
Air, acrylic, water Air, acrylic, water –– LINEARITYLINEARITY

Future?Future?
Trend AnalysisTrend Analysis
Air ScanAir Scan
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Typical work flowTypical work flow

Morning CT Tech runs QA protocolMorning CT Tech runs QA protocol
Images are transferred and analyzedImages are transferred and analyzed
Physics tech evaluates resultsPhysics tech evaluates results
If results are outside criteria limit, QA If results are outside criteria limit, QA 
image is reimage is re--acquired and reacquired and re--analyzedanalyzed
Usually second time is a charmUsually second time is a charm……
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Slide 13 MSCT Daily QC ScanMSCT Daily QC Scan
IDL used for IDL used for 
image analysisimage analysis
CT# water CT# water 
0+/0+/--3 HU3 HU (GE)(GE)
Uniformity MaxUniformity Max
Difference Difference 
<< 5 HU5 HU (GE)(GE)
Std DeviationStd Deviation
<< 5 HU5 HU (GE)(GE)
<< 6 HU6 HU (GE(GE--VCT)VCT)
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MSCT Daily QC ScanMSCT Daily QC Scan-- LinearityLinearity

AcrylicAcrylic
120 120 ++ 12 HU12 HU
WaterWater
0 0 ++ 5 HU5 HU (MDA)(MDA)
AirAir
--1000 1000 ++ 2020 HU HU 
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Slide 17 Water value Jan Water value Jan –– July 2006July 2006
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Slide 19 Noise value Jan Noise value Jan –– July 2006July 2006
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Main goal for Main goal for 

numerical analysis QCnumerical analysis QC
Predict XPredict X--ray tube failure based on ray tube failure based on 
patterns of QC data over long term patterns of QC data over long term 
So far, no patterns have emerged.So far, no patterns have emerged.

Has been quite helpful in establishing Has been quite helpful in establishing 
scanner performance scanner performance 
Especially when radiologists question Especially when radiologists question 
image quality aspects of exams.image quality aspects of exams.
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Slide 21 ArtifactsArtifacts
Water phantom images sent to specific Water phantom images sent to specific 
directories for each scannerdirectories for each scanner
Water images reviewed every morning Water images reviewed every morning 
by dedicated physics technologistby dedicated physics technologist
Using NIHUsing NIH--Image for reviewImage for review
Currently reviewing ~400 images from Currently reviewing ~400 images from 
the 15 scanners on board each daythe 15 scanners on board each day
Requires ~20Requires ~20--30 min from an 30 min from an 
experienced technologist (minimum)experienced technologist (minimum)
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ArtifactsArtifacts

Why go through all that trouble??? Why go through all that trouble??? 
What an enormous pain in the neck!!!What an enormous pain in the neck!!!
What is the What is the paybackpayback from such a huge from such a huge 
investment???investment???
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••““LesionLesion”” similar tosimilar to
Previous patientPrevious patient
••““LesionLesion”” present on present on 
multiple imagesmultiple images
••““LesionLesion”” on everyon every
44thth image in stackimage in stack
••44--channel scannerchannel scanner

Previous patient went on to have an MRPrevious patient went on to have an MR
exam to characterize the exam to characterize the ““lesionlesion””
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Slide 25 Two months later,Two months later,
different scanner,different scanner,
same radiologistsame radiologist

••Every 4Every 4thth imageimage
••44--channel scannerchannel scanner
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AxialAxial
2.5 mm image2.5 mm image
Std reconStd recon
20cm DFOV20cm DFOV
WW/WL 400/40WW/WL 400/40
Ring Ring diadia. 7 cm. 7 cm

HelicalHelical
2.5 mm image2.5 mm image
Std reconStd recon
40cm DFOV40cm DFOV
WW/WL 400/40WW/WL 400/40
No Ring   No Ring   

Later the same year, different 4Later the same year, different 4--channel scannerchannel scanner
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Slide 27 These ring artifacts occur more These ring artifacts occur more 
frequently in AXIAL modefrequently in AXIAL mode

In In helicalhelical mode on a multimode on a multi--slice CT slice CT 
scanner, ALL channels contribute to ALL scanner, ALL channels contribute to ALL 
images (reconstruction)images (reconstruction)

In In axialaxial mode on a multimode on a multi--slice CT slice CT 
scanner, only specific channels scanner, only specific channels 
(sometimes a single channel) contributes (sometimes a single channel) contributes 
to specific images.to specific images.
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Slide 28 PseudoPseudo--LesionLesion QA scan same protocolQA scan same protocol

(Morning QA protocol had been copied(Morning QA protocol had been copied
from single slice scanner platformfrom single slice scanner platform……))
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Slide 30 HELICAL ARTIFACT EXAMPLEHELICAL ARTIFACT EXAMPLE
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0.625 mm Axial

DFOV 36 cm
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0.625mm image

Helical scan

16 x 0.625
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Slide 39 More AXIAL MSCT Artifact ExamplesMore AXIAL MSCT Artifact Examples
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Slide 41 Data Acquisition System Failure?Data Acquisition System Failure?
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Slide 42 Combination of swallowing, pitch>1Combination of swallowing, pitch>1
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Slide 45 Physics QC Tech ProgramPhysics QC Tech Program
Recruit recent graduates of physics or Recruit recent graduates of physics or 
engineering programs (B.S.)engineering programs (B.S.)
““Face TimeFace Time”” in clinic in clinic –– QC primary goalQC primary goal
Train in all modality areas, rotateTrain in all modality areas, rotate

CTCT
MR/USMR/US
Nuclear MedicineNuclear Medicine
General XGeneral X--ray/Fluororay/Fluoro
(Hybrid)(Hybrid)
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Slide 46 CT QC worth all the fuss?CT QC worth all the fuss?
Extremely difficult to quantify benefitsExtremely difficult to quantify benefits
Service group noticed:Service group noticed:

Service initiated by physics Service initiated by physics techstechs (not CT (not CT techstechs))
Identifying scanner problems soonerIdentifying scanner problems sooner
Fewer Fewer ‘‘scanner downscanner down’’ situationssituations
Service can be scheduled during weekdaysService can be scheduled during weekdays
Avoids expensive overtime chargesAvoids expensive overtime charges

Overall image quality improved (?)Overall image quality improved (?)
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Air Scan ProjectAir Scan Project

Rachel Rachel LiuLiu, Ph.D., Donna Stevens, M.S., Ph.D., Donna Stevens, M.S.

Diluted clinical contrast medium (gunk) Diluted clinical contrast medium (gunk) 
(Optiray 320) (Optiray 320) 

Attached to detectorsAttached to detectors

CT Artifact tools
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Slide 48 With GUNK on detectors,With GUNK on detectors,
AFTER Air Calibrations (AFTER Air Calibrations (““fast calfast cal””):):

Air Scan Air Scan –– looks finelooks fine Water QA Water QA –– uh ohuh oh
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Slide 49 Look familiar?.....Look familiar?.....
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Current situationCurrent situation

Spill/gunk sticks to sensitive placeSpill/gunk sticks to sensitive place

Next morning, air cal doneNext morning, air cal done

Dark rings in patient imagesDark rings in patient images
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Slide 51 GOALGOAL
Spills/gunk sticks to bad placeSpills/gunk sticks to bad place

Spill/gunk removalSpill/gunk removal

NONO Dark rings in patient imagesDark rings in patient images

Air scan done at shutdown,Air scan done at shutdown,
AutoAuto--analysis overnightanalysis overnight

Next morning, if ring found initiate serviceNext morning, if ring found initiate service
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Easy to detect air scan rings?Easy to detect air scan rings?

wwww: 300: 300
wlwl: : --10001000

(Same gunk)(Same gunk)
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Work in progressWork in progress……

Will require change in CT technologist Will require change in CT technologist 
routine at end of shiftroutine at end of shift
Will require programming to detect ringsWill require programming to detect rings
Will require quick response by service Will require quick response by service 
engineers to locate and remove gunkengineers to locate and remove gunk
SHOULD result in further improvement in SHOULD result in further improvement in 
patient image qualitypatient image quality……
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THE ENDTHE END

Thanks to AAPMThanks to AAPM
Thanks to Thanks to coco--workersworkers

Donna Stevens, M.S.Donna Stevens, M.S.
Rachel Rachel LiuLiu, Ph.D., Ph.D.

OUTSTANDING Physics tech teamOUTSTANDING Physics tech team
Brad Brad LoftonLofton
Adam SpringerAdam Springer
David David ZamoraZamora
Tony Tony BlatnicaBlatnica
BrandanBrandan DarensbourgDarensbourg
Mike Mike SiloskySilosky
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