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QC

a Quality Control (Q.C.)

P  Performance Stability :
Acceptance testing :Specification y functiony safety.

Routine performance monitoring

Error correction
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gamma camera system
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NEMA

National Electrical Manufacturers Association (1926)

NEMA is the trade association of choice for the
. Founded in 1926 and
headquartered near Washington, D.C., its approximately
companies manufacture products used in the
generation, transmission and distribution, control, and end
use of electricity.


http://www.nema.org/
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GAMMA CAMERAS

Intrinsic Spatial Resolution

Intrinsic Energy Resolution

Intrinsic Flood Field Uniformity

System Spatial Resolution Without Scatter

System Alignment

Spect Reconstructed Spatial Resolution Without Scatter

Wholebody System Spatial Resolution Without Scatter



PLANAR



GAMMA CAMERAS

A JUH 5 @
(collimator)
(crystal)
\ (Photomultiplier tube Y PMT)
r B (scintillation localization circuitry)

(correction circuitry)

n € (energy analysis circuitry)
(counting circuitry)
(image display device)

(image recording device)

\

> Detector
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QC of Planar Imaging Syst

Flood images from a scintillation camera demonstrating (A)
acceptable uniformity, (B) shift in high voltage, (C) broken crystal, and (D)
nonfunctioning photomultiplier tube. (Reproduced by permission from San-
dler MP, Patton JA, Partain CL, eds. Thyroid and parathyroid imaging. East
Norwalk, CT: Appleton-Century-Crofts, 1986:83.)
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(QC of Planar Imaging Systgm

flood field correction corrected
matrix flood field

Uniformity correction matrix.



Planar Y X Y ¥
APhotopeak

p Dally Visual Inspection for Marked
Nonuniformity
L Correction ofNonuniformity



(QC of Planar Imaging Systgm

Recommended Types and Frequencies of Quality
Control Tests for an Anger Camera

Frequency

Test

Daily

Weekly

Semiannual

1.
2.
3.

n

Adjust size and sharpness of dots on CRTs.

Clean lens, rollers, etc., on cameras.

Inspect collimators, cables and other components for signs of
mechanical damage.

. Obtain flood-field uniformity image
. Calculate system sensitivity.

.|Obtain resolution-phantom image.
.|Obtain linearity-phantom image.

est performance of accessory devices (multiformat cameras,

whole-body scanning tables, computer systems and interfaces,
etc.).

. Evaluate energy resolution.
. Evaluate counting-rate capability.
. Evaluate multiple-window energy registration.




Uniformity Floods

Almperfections

collimators variations incrystal
response differences amongM tubes

fluctuations in theslectrical circuitry

ex.
container ex.



Uniformity Floods

( )
Solid plastic disk’Co

Fluid-filled sheet source contain®" ¢

A 1-3 million-count image



Intrinsic uniformity

Point

aint

Source-to-
detector
distance:

L_ox |
largest
detector

dimension

Uncollimated

Largest
detector 9

detector dimension

Extrinsic uniformity

Collimator

185- to 555-MBq
37Co sheet source

/




(QC of Planar Imaging Systgm
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QC of Planar Imaging Systgm

STUDY 20 DAILY @QC

11715794 1115794

e

0C RESULTS ~ UNCORR

EVENTS

PEAK IN AT
121 .6 KEV

UMIFORMITY

3.32 7%
204

ENERGY

Quality control report from a digital scintillation camera show-

ing an energy spectrum from *’Co, the position of the photopeak, a flood
from the collimated camera obtained with a plane source of ’Co before and
after uniformity correction, and the results of a calculation of integral uniform-

ity.
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Uniformity

Calibration QC

I siemens

ﬁ’eﬁn@?ﬁ@}hﬁg;n Danly Intrinsic Flood
Siiacys d

Series Date. /1772008 Series Iime: 8:01.36 AM
iHAntrinsic Verification

Paternt Csahibration OC

Study Dauly Intne Flood OC Swady

Senes Daily Intnnisic Flood
Central FOY Useful F O
Integrat 164 %

Differentizt
Acquired Flood

Curnvature Correctec Flood

v Daihy Inthn Fload QcC

Dzihy Inthn Fload

Central FOWV Useful F OV

al: 273%
Differentad:
cojuired Flood

1.77%

Comment: Daily Intrinsic Flood Display




Acquired Flood

Acquired Flood

Curvature Corrected Flood

Curvature Corrected Flood

Study: Intrinsic Calibration QC Study
Series: Daily QC<20090423><TC99>

Central FOV Useful FOV

Integral: 1.53 % 170 %

lU=(Max- Min)/(Max + Min)*100

Max is the Maximum and Min is the
Minimum pixel value in a pixels.

Study: Intrinsic Calibration QC Study
Series: Daily QC<20090423><TC99>

Central FOV Useful FOV
DU=(HF Low)/(Hi + Low)*100

Hi is the highest and Low is the lowe
pixel value in a row of 5 pixels.

Differential: 1.22 % 160 %




Peaking

Tuning procedures

Calibration QC, si

Static Ac

emens - MHR COR 180 Calibration 5 Points Study, 6/26/2008 [_[5]x]

V Select Existing Preset Peak Shifts (%)
2. me (% 5 ] 3 =

New Preset Name: v Detector 1

\aal
n v Detector 2

Begin Peaking Pause Between Peaks

photopeak Z € > [N
H Hb wu —
bz PHA

window B Y 'l

« Detector 1 Detector 2




Planar ( )

ulse- eight-
nalyzer
Window of photon
energies
Methods T

upper level
-_ ......................... centerline window

lower level
(baseline)

Pulse height

lower level centerline  upper level

INncreases resolution e

decreases sensitivity ;-

126 140 154
Gamma ray energy (keV)




(QC of Planar Imaging Systgm

Drift of the o

away from the peak will lead o

to significant artifacts in
images. In some of the older g | J\

cameras, oftenter windows

will yield r e [KREEEEN QJ

O phot omul t
defects on the daily

uniformity floods.

“hot” PMT

Nonuniformity due to off-center energy windows.



Unstable energy window setting




PM Tube error
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Integral 3.38 %

Differential. 2 .30 5%

Differential: 1




Uniformity Correction Matrix

flood field correction corrected
matrix flood field




Spatial Resolution

APhantoni

AFlood source

ADistance

AWeekly

ALine or point spread function

g



(QC of Planar Imaging Systgm

Il
/

bar phantom

Luc
ey

4.8-mm Spac& | 4.0-mm spacing

. image of bar phantom
2.4-mm spacing 3.2-mm spacing

bar phantom
(top view)

Bar phantom.

The intervals illustrated in figure above are hypothetical but representative of a standard confic



System Spatial Resolution with
and without Scatter

CalibrziArRels i Calibration QC ’

ID: siemens
qf’j@?@]@ﬂ'ﬁ”" Test  6/24/2008 Dept. Nuclear Medicine, Veterans Genreal Hospital, Tai-Chung

i Calibration QC  siemens
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1 IMA

Faa 1 (Head 90) 2002K Duration 103s8c 256x256
Pret.8mm 57-Cobalt

Head 1 (Haad out, Phantom Rot 80) 2002K
Duration:10358¢ 256x256 Pt<.8mm 57-Cobalt

Head 1 {Head Qut) 20024 Duration:1 03s6c 256256
Pret.8mm $7-Cobalt
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Hoad 2 (Hsad 00) 201 0K Durafion1 03ssc 256356 [N
Pret.mm 57-Cobalt

Head 2 (Head oufl 2011K Duration:103zac 2684256
Feed Smm §7-Cobalt

4l Images
1 99%

B: 0% Comment; Static Display

Head 2 (Head oufs Phantom Rot %0 201K
Duration:103sac 266x258 Pt Smm 57-Cobalt
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Imaging
SPECT

AUniformity

A Center of Rotation
Measurement ct

AResolution Using i



Uniformity

A SPEC

SPECT

Images are degraded by small degree
In the flood field that do not

adversely affeci
A During backprOJectlonreIatlver minor defects
will become and sometimes
appear as In the reconstructed
transaxiaklices.



(QC of SPECT Systgm

projection slice

projection view

bull-eye artifact

, ring artifact

»
\

\

\

backprojection image

defects in slices

Ring artifact created during backprojection of an area of nonuniformity.



Bullseye Ring Artifachonuniformity

SPECT image through
20-cm diameter
99mTefilled cylinder
phantom resulting

T N2 Y =gdhira a
nonuniformity Severe
ring, or bull'seye,
artifact in transverse




SPECT

Center of Rotation (COR)

A It is assumed that the camera heads wi
( or ellipse ) and that heads
will remain almosi

A It is also assumed that the or
1 €& G eaenl ary o f t he
il ¢ @ imechaniceo | acti of the

camera head rotation.



(QC of SPECT Systgm

Center of Rotation

The most common cause of true shift of the COR is electronic malfunction.

Mechanical problems, such as the use ci 2 for the gantry,
are less common.
<[ redicted COR The test for a stable COR
O actual COR consists of placing
of slightly

off center on the patient
bed. Projection views are
obtained over a 36@rc.

B

Deviation of the mechanical COR.



(QC of SPECT Systeém

camera positions 1-6

source
projection of source

| camera “top”
camera face

@ camera sides and “bottom”

COR curves in the x direction.

(for 128 pixel&128 pixels)

IMAGE

M

B Donut shaped

66 128 image

Effect of misalignment of the mechanical axis-of-rota-
tion with the reconstruction axis-of-rotation. Very small misalignment
errors result in loss of spatial resolution. For larger crrors, images of point
sources have a ‘“‘ring’"-type appearance.
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MHR/COR and NCO

Source Location

B Extra High Energy Collimator
A UHR, HRES, LEAP & Fanbeam Collimator

@® All Others
Fig. 12: MHR Phantom Source Placement




MHR/COR

IPZ 1| Calibration QC

Series Date: 6/26/2008

Paert Calibraton OC
Sndy MHR COR 180 Calibration 5 Foints Stdy.
Series  MHR180<LEAP><20080626~>

Detector 1 Detector 2

Center Of Rotation
Adial Shitt:

Back Froection Argle

System Resoktion At 20cm
Prncipal Ray
Focal Lergth

Sinogram Selection 1

Center Of Rotation:

Axial Ehift

Back Frojection Argle

System Resoluion At 20crm.
Principal Ray.
Focal Length:

a0 180 270 a0 180
Wiew Ange View Ange

§ 10096
B: 0% | |Comment: Head Alignment Display




Detector 1 Detector 2 Detector 1 Detector 2

Denter Of Rotation 1.331 hm Center Of Rotation 6.094 mm
Axial Shift -0060  mm Axial Shift -0066  mm
Back Projection Angle 02177 ideg Back Projection Angle -0.121 deg
System Resolution At 20cm Aol mm m Resolution At 20cm 20 mm
Principal Ray o Principal Ray: mm
Focal Length: mm Focal Length: mm
Sinogram Selection: l

Center Of Rotation =1.056 mim Center Of Rotation: mm
Axial Shift 2080 Llis) Axial Shift mm
Back Projection Angle 02 deg v Back Projection Angle: deg
System Resolution At 20cm: 19012 mm Systern Resolution At 20cm mm
Principal Ray mm Principal Ray: mm
Focal Length nm Focal Length: mm

0 90 180 270 0 90 180 270 360 0 90 70 0 90 180 270 360

View Angle View Angle View Angle View Angle



GE VARI-CAM COR (H-MODE))



