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History

Initial intent to start program was in 2000
Pilot program in 2001 with 11 sites
Program began in 2002

Program was developed and directed by the
committee on Nuc Med Accreditation of the
Commission on Quality and Safety

Goals

for facilities (personnel, equipment
and policies) to continuously improve the quality of care
given to patients

Offers Nuclear Medicine physicians an opportunity for

of their facilities,
personnel qualifications, image quality, equipment, quality
control procedures and quality assurance programs through
a peer review mechanism.

The program is educational in nature and is voluntary

Program Requirements

» Personnel
Qualifications

— Physicians

All information is available at:

http://www.acr.org/accreditation/nuclear.aspx




Program Requirements

Personnel Qualifications

— Technologists
— Physicists

Continuing | 15 houss centruang eaucaton i FET 1
Education | Lant Fewe years inecommendied

Application

¢ Diagnostic modality accreditation program
application — (online at )

e Two step process
— Step 1: submit required information about practice
including policies, procedures, personnel qualifications,
equipment, and
— Step 2: once step 1 is approved, testing package is
sent to site. Package includes instructions (phantom &
clinical images), forms and labels.

Program Requirements

In addition:

A supervising nuclear medicine or PET physician must be designated to
have the primary responsibility for nuclear medicine or PET at the
facility.

Each physician and each medical physicist are required to complete and
sign an attestation signifying compliance with training, licensing, and
CME requirements.

The supervising physician must agree that no imaging procedures will
be performed by personnel who do not meet the specified requirements.

Each facility should maintain detailed documentation supporting the
qualifications of personnel at the site.

Repeat

Reiratae/Correciive Action Flan

Ak Units fmic cyche)

st b Msdhubes (mid £yle]

Raplacement Certificate

PFhantem

Nore: Fees subject fo chamge sithout ma




Testing — Step 2 Clinical Images

¢ Module 1 - Oncology — submit two exams, one of which
must be abnormal. The exams can be any combination of

There are 3 modules: a whole body and/or chest and abdomen, with and

B g?aciglogy without measured attenuation correction.

— Cardiac

PET ACR accreditation is module based

Module 2 - Brain — submit two exams, one of which must

For each module clinical and phantom images are required X i N
be abnormal, with attenuation correction.

Application material is time critical

— 45 days for return of a completed packet . . .
— Clinical and phantom images should be within +30 days of one another. Module 3 - Cardiac — submit two exams, one of which

must be abnormal, with and without measured attenuation

ACR accreditation is facility based — all scanners in the facility must correction, if available.
be accredited or be not in service! ’

Clinical Images Phantom Images

Images should be labeled with: patient name, patient age (or * Uses the ACR (ESSET phantom)
date of birth), patient identification number, date of exam, and

institution name. The technologist's name and initials, should

also be indicated.

ALL images for ALL submitted studies must be labeled for
laterality and orientation. This is now a Pass/Fail criterion.

A dated physician report stating the type of exam performed, the
findings, and the clinical history must accompany all exams.

Scoring will be based on: radiopharmaceutical bio-distribution,
image acquisition, processing, and display parameters, as well
as film and report identification. Images of models or
volunteers are NOT accepted.




Phantom Images - Materials

ACR Phantom

3 60 cc syringes

2 3 cc syringes

Dose calibrator (properly calibrated)
A 1 liter container/bottle

Gloves

Water

F-18

Some chucks

Phantom Images - Procedure Phantom Images - Procedure

Date:
From the column on the right, select the Phantom Dilution Worksheet
administered FDG whole-body dose. N

Phantom Dose Chart Enter dose and time below

on work sheet (next page).

Add Dose A to a 1000 ml container. Mix and — —
withdraw a 60 ml test dose #1. Set aside. 4 mCi 0.140 0.330
Withdraw 40 ml using a second 60 ml syringe 0.210 0.495 Patient Dose:
and fill the 4 appropriate chambers in the 0.280 I 0.660 FDG dose (A), mCi:
phantom top. o - =

Thoroughly mix Dose B in phantom background. 0.350 (.825 FDG dose (B), mCi: | | |
Remove 60 ml test dose #2 from the phantom 12 mCi 0.420 0.990 Test Doses: 1/ 2 |

mCi

Measure F-18 doses and enter values with times Patient Dase A | Dose B

Dose me’i

FDG Doses: B/A

T

background. 0.490 T 1.154 Test dose #1, pCi: ertee e v B

Measure activity of test dose #1 and #2 in dose Test dose #2

- 105t doso ¥, |
calibrator; record in sheet. 0.560 1.319 Actual start time
Inject dose #2 back in phantom. Fill remaining 18 mCi (L.630 1.484 of phantom scan:
space with water and mix.

0.700 1.649
Scan at the specified time. When entering SUV parameters for the PET scanning protocel assume a TO kg patient and use the
Patient Dose {.9. 10 mCi) from above with the measurement time entered for dose A.




Phantom Images - Procedure

Scanning Time Line for PET Phantom

Measure Dose A& B

- Fill vials
- Positioning

The suggested dilutions would result in an SUV of 1 in the phantom
background and an SUV of 2.5 in the cylinders assuming no partial volume
effects.

o,

Phantom Images

Phantom is scanned using standard clinical
protocol parameters.

1 or 2 FOV can be used depending on scanner

Images are reconstructed using standard clinical
protocol parameters.

Images should be reformatted to generate 1cm
thick slices

Phantom Images - Positioning

Phantom Images

Select the slice that best shows all 4 small cylinders

Draw an ROI to encompass the 25 mm cylinder — copy to all other
cylinders

Draw a large ROl in the central background

Report SUV for all regions on SUV analysis worksheet form




SUV Analysis Worksheet
Date:

Paticnt Doe- PETUCT) Musbel:

From the RO! data of minimam {min.), maximum {max ) and mean
SUVs (SUV paranseters: patient dese and 70 kg weight) fill in Table 1
and 2 below, If the smallest vials are not visible, leave entries blank,

A} Contrast - Table 1

ot Vial | ot Wial Hot Vial
& me 12 mam 6 me

man SV

B} Scatter/Attenuation - Table 2

1 1
mean SV
Mo, sU

€} Ratia Calculations (using data from Tables 1 & 2 above)
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Electronic Submission

Send two CDs per unit with the same clinical cases on each.
Send One CD per unit containing the phantom images
You must embed your viewer on the image CDs.

Labels that were sent with the testing packet should be placed on CD cover.

CD viewer should be capable of showing:

1. Facility name

2. Patient name (first and last)

3. Patient age or date of birth

4. Patient identification number

5. Date of examination

6. Type of exam

7. Slice thickness

8. Acquired Matrix

9. Acquisition time (indicated or easily calculated)
10. Images labeled as to laterality and orientation

Evaluation

Contrast:
Satisfactory 12 mm vial is resolved with low contrast: larger vials resolved with high
Marginal I is resolved with geceptable contrast; larger vials resolved with high

@5 mm rods are resolved with low comir, er rodds are resolved with high

1 rods are resolved with low conirast; larger rods are resolved with high

Satisfactony Ar only a few slices of the co

plete set but are not thought to

Marginal 51 re seen in a small numiber of slices.

A phantom acguisition with two or more marginal scores for any category will be failed.

Evaluation

» Based on three different metrics
— Contrast
— Resolution
— Uniformity

e All on a scale of 1-5

e Ascoreof 2intwo areasoralin
area is considered a FAIL

11.1 mm




Acceptance Testing Using NEMA
Standards
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Two NEMA Standards:

: Mainly used for neuroimaging (2D).
: Mainly used for whole Body imaging (2D/3D).

The original NEMA standard (NU 2-94) was developed for PET

scanners that were used in 2D mode and had a limited axial FOV.

New scanner developments which acquire data in 3D and have
large axial FOVs, as well as the major shift in the use of PET
from neuroimaging to whole body imaging necessitated updating
the NEMA standard.

What is NEMA?

The acronym stands for: I\ational =lectrical |lanufacturers /ssociation

« In 1991 a task group from the SNM published a set of measurements to
standardize the performance characterization of PET scanners.

« At the same time, NEMA formed its own committee to address the same issue
and ended up publishing a standard that adopted the SNM publication however
with some refinements. That standard became the .

« Also at the same time, the European Economic Community underwent a similar
process which resulted in an International Electrotechnical Commission (IEC)
standard.

* The NEMA and IEC are two different standards although similar in purpose.

» Recently, the NEMA standard has been updated. The new document is known as
the which is still different from the IEC standard.

Performance Characterization Measurements:

NEMA NU2-94 (2D)
« Transverse/Axial Resolution
« Sensitivity
« Scatter Fraction
¢ Count Rate and deadtime
 Uniformity
 Accuracy of count rate, scatter & attenuation correction

NEMA NU2-01 (2D/3D)
« Spatial Resolution
* Sensitivity
e Scatter Fraction/Count Rate Performance
* Image Quality
 Accuracy of count losses and randoms correction




Discovery PET/CT platform

ing capability using septa

System Design DST

Septa size (mm)
2D axial spanning
3D axial spanning

54x0.8 (117*1)

PET System Design DST

Detector type BGO

Detector size (mm) 6.3*6.3*30
Arrangement(det/blk) 6*6

Number of blk/ring 70 (420 det/ring)
Total number of det. 10080

Number of rings/slices 24147

Axial sampling (mm) 3.27

Energy window 375-650

NEMA 94 & 2001 Phantoms
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Performance Characterization we will perform:

NEMA NU2-01 (2D/3D)

« Spatial Resolution

« Sensitivity

« Scatter Fraction/Count Rate Performance

« Image Quality

¢ Accuracy of correction for count losses and randoms

Daube-Witherspoon M. et al INM, 43(10) 1398-1409, 2002

NU2-01 Spatial Resolution
setup

6 mCi/cc, pipette three 1ul drops
onto a slide. Recon (FBP, FORE)
256*256 over a 25 cm FOV. Point
Sources are located at (0,1), (0,10),
(10,0).

Spatial Resolution:

This test measures the capability of the PET system to localize the position of a
point source of activity after image reconstruction. The measurement is done using
Multiple point sources suspended in air at different locations.

« 3 point sources are made from a solution with an activity concentration of 5mci/cc
« The point sources are positioned at (0,1), (0,10), and (10,0) in center of axial FOV
« Data is acquired for 1 min in 2D and 3D modes.

« Images were reconstructed using FBP (2D) and FORE +FBP (3D)

* Use 256*256 matrix, 25cm FOV, centered at (5,-5), with ramp filter at 4mm cutoff
« No correction for dead time

» Repeat with sources positioned at 4cm from edge of axial FOV.

« Final results are the average of the two measurements.

« Analysis is done by measuring the FWHM and FWTM in the radial and tangential
directions

NU2-01 Spatial Resolution 2D

\ Axial Pof
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2-01 Spatial Resolution 3D

Pofile [1c

Rodigl FWT
Tang. FiHI
Tang. FWT
ol P
o

NU2-01 Sensitivity Setup

250 uci in the line (2.2 cc)

Sensitivity:

This test measures the number of detected coincidence events per second for every
unit of activity in the FOV.

. Measurements of sensitivity are made with
increasing amounts of attenuating material, the results are then plotted and
extrapolated to give the scanner sensitivity with no attenuation.

« A line source is filled with ~0.1 mCi of F-18 and threaded into an aluminum sleeve

« Setup is suspended in center FOV, data is acquired for 1min in 2D and 3D modes.

« Add a second aluminum sleeve, repeat acquisition.

* Repeat process for 5 aluminum sleeves

« Repeat all the process after repositioning setup at R=10cm

« Analysis is done by fitting sensitivity values and extrapolating to zero attenuation.
R; =R, exp[-2uX;]

« Slice sensitivity is calculate by:

NU2-01 Sensitivity R=0 2D
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NU2-01 Sensitivity R=10 2D

NU2-01 Sensitivity R=10 3D

NU2-01 Sensitivity R=0 3D

NU2-01 Sensitivity (cps/KBq)

1.9325 1.96903
9.118 9.30914
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Count Rate and Scatter Fraction

The scatter fraction (SF) portion of this test measures the sensitivity of the scanner to
coincidence events caused by scatter while the count rate test measures the performance
of the PET scanner across a range of radioactivity levels.

« Fill line source (70mCi 2D, 40mCi 3D) of F-18 and thread it into the scatter phantom.
« setup is placed on the couch in the center FOV with the line source close to couch.

« Data is acquired in dynamic mode as 4*15min, 14*25min with 25 min delays.

« Total time is ~13hrs.

« Analysis is done on sinograms with no corrections applied.

« 3D data was processed using SSRB.

* SF was measured using the last frame of the dynamic data.

« Scatter was calculated within a radius of 12cm from center of phantom.

« Scatter under the peak was estimated by interpolation between +2cm from center.

01 Scatter Fraction/Count Rate Setup

70 mCi in 5.2 cc line

Count rate analysis was done in a 24 cm FOV using the following formulas
where i and j are the slice number and acquisition number respectively.

RmtJ = Zcxm, /TacqJ R‘J = Z (C‘D'u _C"*Su ) /Tacqj

R, =2 {Ro,, ~ (R, /A-SF))} , = 2 (SF/1-SF)R_

RNECRI = z Rz‘u /Z:(RzmIJ + Rn 1> RNECRI = z Rz‘u /Z Rtm”

C: counts
T: Time
R: Rate

NU2-01 Scatter Fraction/Count Rate 2D
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NU2-01 Scatter Fraction/Count Rate 3D

The following parameters are calculated on the ROI values:

< Hot and cold sphere contrast for each sphere (j):

Quo, = (Cra /Cog)) -V (B /) D) o, =~ Cegs, /Co,)

 The percent background variability for each sphere (j):

N, =SD,/C,,

9j

 The average residual lung error summed over all slices (i):

AClung = zc\unq /ZCBkg

Image Quality:

This test attempts to measure the performance of the scanner in a condition that
simulates a whole body clinical scan. The test uses hot and cold spheres of different

sizes in a volume of non-uniform attenuation. Activity is also placed outside the FOV.

« The IEC background is filled with ~5.3 kBg/cc

 The 4 smallest spheres of the IEC phantom are filled with 4 times background

« Two largest spheres are filled with regular water

« Scatter phantom was filled with total activity of 116 MBg/cc (~ background)

« Both phantoms were positioned behind one another in the center FOV

« Data was acquired for 8.5 min (2D) and 7.5 min (3D) since CT was used for atten.
 Repeat with 4 smallest spheres of IEC phantom filled with 8 times background

« Analysis is done on images reconstructed using clinical protocols.
* ROIs are drawn on spheres an background
« 12 background ROls are drawn on central,+1cm,+2cm slices (total 60 rois).

NU2-01 Image Quality Setup

«0.206 uci/cc in 10 Liter background
« 0.88 uCi/cc sphere concentration
* 4.7 mCi in the scatter phantom
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01 Image Quality 3D

01 Image Quality 2D

Should be 100%

Accuracy for correction of count losses and randoms:

The accuracy of count losses and randoms corrections is measured by comparing
The trues rate calculated using count losses and randoms corrections with the trues
Rate extrapolated from measurements with negligible count losses and randoms.
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Accuracy of correction in 2D

Accuracy of correction 3D
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