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SUV SUV Modifiers

Sy decay-corrected dose/ml of tumor SUV, Corrected for body weight: ?I\li'i\'“ ]LI'. (/W)
= n n " ° C lissue concentrs
injected dose/patient weight in grams bw (gm/ml) ]_-”:I‘w“': 1L:l‘:~‘::‘|”\‘1‘ll;l:|‘i‘ [kBq ml1]

W: body weight [kg]

+ The standardized uptake value (SUV) is P—— T —
one means of making PET results more * SUVesa (ma/mi) BSA body surface area| '
quantitative. S

 Tracer kinetic modeling is used
extensively in quantitative PET (may o SUVism (gmimi) d hody mass: SUV, gy =€ (ULBM)

LBM: lean body mass [kg]

include blood samples and dynamic Men: LBM=48.01 1.06:(h-152)

h: height [em]

imaging). Women: LBM-45.5+0.91-(h-152)

SUV Modifiers Quantitative PET Performance

e SUVig (gm/ml) 3 categories that “might” affect SUV measurements

= Patient Compliance
Fasting
Blood Glucose levels
SUV,,=C,,SUV,
SUV;: any of the SUV definitions above Scan time post injection .
- Patient anxiety/comfort during uptake (room temperature, etc.)
Patient motion during acquisition
PET/CT vs dedicated PET

C,p: plasma concentration of glucose [mmol 1]

Calibration
QA — Maintenance of operating parameters

Performance characteristics of scanners — Partial Volume
effects

Image processing algorithms
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Improper Prep. Non fasting

« High protein/low carbs.
« 6-8 glasses of water
« 6 hrs fasting

« Avoid strenuous exercise
* 70 —150 mg/dL — Ideal

« 150 —200 mg/dL - clinical decision
> 200 mg/dL - cancel

Muscle Uptake Quantitative PET Performance

3 Categories that “might” affect SUV measurements

Fasting
Blood Glucose levels
Scan Conditions
Scan time post injection
Patient anxiety/comfort during uptake (room temperature, etc.)
Patient motion during acquisition
PET/CT vs Dedicated PET

Crutch Utilized Left Side
Calibration
QA — Maintenance of operating parameters

Performance characteristics of scanners — Partial Volume
Effects

Image processing algorithms
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Effect of Scan time post injection: Beast Cancer

PET-CT Normal “Brown” Fat

Max SUV 15.7
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Motion Effects Phantom Study

- Patient o
Patient >

Coronal Sagital i i movement
occurred
after the CT
image was
acquired.
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Impact of Whole-body
Respiratory Gated PET/CT

PET/CT vs Dedicated PET

Disadvantages of dedicated PET
imaging techniques

= Transmission
— Noise due to low gamma ray flux from rod source
— Transmission is contaminated by emission data

78 e Scan duration
[ " : — Time consuming (emission & transmission )
L? SR R - Increased patient movement (image blurring)
Static wholebody Single respiratory phase 1 cc lesion on CT Tell
(1 of 7, so noisier) s EfflCIenCy

— Decreased patient throughput
— Difficulty in accurately correlating images to other
diagnostic modalities

0. Mawlawi MDACH 0.

The max SUV of the lesion goes from 2 in the static image to 6 in the
respiratory-gated image sequence

Short duration, low noise CT-based attenuation correction

COROHAL TIRANSAAL SAGITTAL

Attenuation Measurement

Rod or Pin Source (Ge-68, T,,= 271 days)

Patient Transmission Scan
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Converting CT Numbers to
Attenuation Values

0.200
e For CT values<0,
materials are assumed to
have an energy dependence
similar to water
« For CT values > 0, material
is assumed to have an
energy dependence similar
Attenuation = Mg W to a mixture of bone and
water

" Bone/Watgr

Attenuation at 511keV

Water/air
Correction
* The green line shows the

effect of usiv?g water scaling 0.000 +

for all materials 1000 -500 0 500 1000
CT number measured at 140kVp

Inherent
Image
Registration

Breathing Artifact-
Curvilinear Cold Areas

PET/CT imaging artifacts are due to :

m Respiratory motion
= Metal implants

= Truncation

= Contrast media

0. Mawlawi MDACC
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Breathin g Artifact Mismatch between PET and CT — Cardiac Application

Mismatch of lesion location between helical CT and PET

. . . e . Courtesy of J. Brunetti, Holly name
Inaccurate attenuation correction = inaccurate quantification ~
Wi MDACH 0. Mawlawi MDACC

0. Mav

Average CT - 4D CT Clinical Studies

15t table position 2nd table position 3rd table position
(0-2cm) (2-4cm) (4-6cm)

Xeray on
off

Mismatch 1:

Respiratory singal CT diaphragm
position lower
than PET

CT images

4D-CT images 1 1 Mismatch 2:

CT diaphragm
position higher
than PET

Courtesy of Tinsu Pan, MDACC Courtesy of Tinsu Pan, MDACC 0. Mawlawi MDACC
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4D PET/CT

Motion Effects Phantom Study

METAL & CONTRAST artifacts

For CT values < 0 , materials

are assumed to have an

energy dependence similar to

Coronal Sagital i water i ;

For CT values > 0, material

is assumed to have an
ependence similar to

ure of bone and water Water/air

Attenuation at 511keV

The green line shows the
effect of using water scaling
for all materials

00
-1000 -500 0 500 1000

CT number measured at 140kVp
cc
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Metal Artifacts
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Contrast Effects
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Contrast: Optiray 320, 100cc, 3cc/sec
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Metal Artifacts

F o
Cold spol/

Contrast Artifact- Intravenous



With contrast Without contrast

61 year male with history of esophageal cancer

0. Mawlawi MDACC

CT and PET Fields of View

X-ray focal spot
yan PET Detector
7/

PET 70cm image FOV

CT 50cm Fully sampled FOV/

AN
AN
* CT Detector
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SUV change
1.23101.90
54% inc

Truncation Artifacts

= Occur when objects extend outside the CT field
of view (50cm), but are in the PET field of view
(70cm).
CT
FOV

PET
FOV

sTruncation artifacts are observed in very large patients or patients
scanned with arms down.
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54 yrs. male with history of metastatic melanoma of
the skin. SUV chanaed from 3.25 to 6.05

0. Mav
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SUVmax changed from 3.25 to 6.05

Quantitative PET Performance

3 Factors that may affect SUV measurements

Fasting
Blood Glucose levels

Scan time post injection

Patient anxiety/comfort during uptake (room temperature, etc.)
Patient motion during acquisition

PET/CT vs dedicated PET

Calibration

QA — Maintenance of operating parameters

System performance characterization — Partial Volume
Image processing algorithms
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Coincidence Calibrations Effects of Bad Blocks

Effects of Bad Blocks Effects of Bad Blocks
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Normalized to Baseline for each Sphere

Effect of bad Normalization

SUVmax=4.5

Increased
activity due to
error in
normalization

Normalization effects

Good Norm Bad Norm

Effect of wrong WCC
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Effect on Partial voluming Effect of Reconstruction Algorithm

All spheres contain
the same activity

concentration ile (10 mm)

iy
o
o

(a) 2D-FBP; (b) 2D-OSEM; (c) 3D-RP; (d) 3D-IR; (e) 3D-FORE+FBP; (f) 3D-FORE+OSEM.

Recovery (%)

a
o

AC max under Igorithms (Bg/cc)

(x109) sphere1 | sphere2 | Sphere3 | Sphere4 | spheres | spheres
Algorithm a 3.03 274 252 2.30 175 112

Algorithm b 314 314 2.82 290 214 174

Algorithm ¢ 283 276 262 241 160 107
Standard HI-REZ Algorithm d 293 292 298 321 219 133
8 x 8 detector Sphere diameter 13 x 13 detector Algorithm e 278 275 264 2.40 159 110

L Algorithm f 285 274 271 252 165 109
Recovery coefficients

CotasalSMIASC

B A B

3D FORE 2D 2D
2it 5sub OSEM OSEM
2it 20sub 2it 28sub

© D C

3D FORE 3D FORE 2D
5it 28sub FBP OSEM
4it 28sub

Max S Max S
in different B 6 6 in different

spheres © 8. spheres
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Effect of acquisition time on convergence of reconstruction algorithm (2it 21ss)
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Effect of scan duration and count density
on maximum AC
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Effect of ROI type Conclusion

S Smin 2D FBP T/B vs Diameter
2. T

45 | P ; » SUV is reproducible

4.0 3

35 |

32 e SUV is reliable as long as mediating factors
5o / are accounted for
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« Standardization across institutions might be a
more difficult task

Courtesy of P. Kinahan UW
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