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SPECT gamma camera Olv
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Anger 1958

system requires
collimator to define the
origin of emission




Myocardial Perfusion Imaging
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Diagonal branches (D1, D2):
—  Origin from LAD
— LV antero-lateral wall

Marginal branches (M1, M2):
—  Origin from LCX
— LV lateral wall

Septal branches:
—  Origin from LAD
—  LV/RV septal wall

Acute marginal branche (AM):
—  Origin from RCA
- RV

Posterior descending artery (PDA):
—  Origin from RCA (65% cases: right dominant)
— LVinferior wall
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Semi-quantitative analysis
of tracer fixation
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First dedicated organ specific SPECT: BRAI

(b)
Cerespect SPRINT Cleon/ Strichman



All “recent” dedicated cardiac OV
SPECT camera’s

/Q GE Ventri /f;

PHILIPS

Digirad Cardius 2xpo



Advantages of

organ-specific systems

e Optimized performance
— Geometry permits optimal acquisition (resolution)
— Cost-effective use of detecors (sensitivity)

e |mproved utility
— Patient comfort
— Faster scan
— Increased patient throughput
— Compact installation
— Extended use: dynamic or multiple radionuclides
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Cardiac-centric SPECT
with solid-state detectors

e The Digirad® Cardius:

— Two or three parallel hole collimator cameras
— solid state, segmented Csl (Tl) silicon photodiode

e The Spectrum Dynamics D-SPECT

— 9 cadmium-zinc-telluride (CZT) fanning detectors
— tungsten parallel large hole collimators

e The General Electric Discovery NM 530
— 19 CZT static detectors
— pinhole collimators (tungsten insert)

Topline Care.



olv
e Solid state detector SPECT

Multiple fixed detectors
focussed on the heart :

- no motion of the camera

- simultaneous aquisition :
2 min scan time

- pinhole collimation :
increases resolution

Images from GE



Higher sensitivity of camera: solid state detector

Caesium iodide Cadmium zinc telluride (CZT)

Sign
Lyt
electron

Boles
CZT

SGamma
ray

* Gamma - scintillation + Gamma - electrical signal
* Photodiode * electrical signal



Alcyone 530 NMc (GE)

« 19 CZT crystal
arrays

« Each 32x32
pixels, 2.5mm?2

« Focused pinhole
collimation

« 19cm diameter
quality FOV

 High sensitivity

* No detector
motion




o D-SPECT (Spectrum Dynamics)

* 9 individual detectors

— 16x64 array CZT
crystals

— Pixels each 2.5 mm?
— Cardio-centric wobble

» Square hole collimators
— One hole per pixel

» Stationary head
— Semi-supine or supine

— Movable 20cm
diameter FOV




CZT camera versus conventional Anger camera

Alcyone swess || (IEN 1 R

2 min
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CZT camera versus conventional Anger camera
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Performance of CZT camera

Sens 94%, Spec 86%
Nakazato R. JNM 2010; 51: 1724-31

Stress TPD (total perfusion deficit) LVEF

100 1 y=093x+521
60 - y=094x +0.38 R= (.89
R=0.95 ©

P <0.0001

T T T
0 20 40 60 80 100

ASPECT
Sharir T. JACC 2010; 55; 1965-74



Advantages/possibilities of CZT technology

e Rapid Imaging
e Dose reduction

e Dual isotope imaging (energy
resolution!)

e Perfusion quantification
e |nnervation (high sensitivity)
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Rapid imaging protocol Toplin ar.

Ti-201 Tc-99m tetro/mibi End of
Injection Injection  procedure
lpositiuning l

Stress supine  Stress sitting Rest

Adeno 0 2 4 min

Imaging 5 11 12 18 20 24 min
TI-201 Tc-99m tetro/mibi End of
Injection Injection  procedure

lpusitioning l l
W / / Stress supine  Stress sitting Rest
0

6 7 13 15 19 min

Imaging

SHORT AXIS VERTICAL HORIZONTAL
LONG AXIS LONG AXIS
APICAL MID BASAL MID MID

Stress T Y )

Rest MIBI n O O

DAarnma~me I\ AF A



Simultaneous dual isotope imaging

Conventional SPECT

Stress Tc
250MBq

Rest Tl
80MBq

Stress Tc
250MBq

Rest TI |
80MBq

Slmultaneous dual iIsotope

DArm LlAaimAa A~ =



Relative vs absolute quantification: NH3

Baseline
after adenosine

LAD

After 1 year v 2 | 3.02mu,.,i,,,,{l Ca
. : \ /) 2.86
of statins

P y ot : { mLminig|
- RCA \ : /
\_3.28 mL/min/g \

Relative Absolte
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Perfusion quantification

o1V
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Perfusion quantification

Dynamic Imaging with CTZ camera
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Imaging Technique

e SPECT
PET
e Lower cost e Higher cost
— tracer #MTc - tracer (cyclotron)
— Camera - camera
e Lower resolution (now CZT e Higher resolution
camera) e Absolute quantification
e Only relative quantification possible
(maybe possible with CZT camera) « Faster protocols
e High availability e Lower radiation dose (2,5
e Lot of evidence and prognostic mSv)
data e Less artefacts

- Attenuation correction

- Ring of detectors vs
rotating camera



FFR versus MBF versus MFR

FFR:

— Cutoff: 0,8

D-SPECT MBF:

— <2 ml/min/g = resting condition (RMBF)
— >4 ml/min/g = stress condition (SMBF)
D-SPECT MFR:

— SMBF/RMBF: Cutoff: 2,1 (or 2 in other)
— SMBF — RMBF: cutoff: 1 ml/min/g

PET MFR:

— Cutoff: 2



Prognostic value of SPECT MPI
is excellent

N=69.655
B Normal B Abnormal

10 - 8,3
— 8 1
R 6 >,5
£ 4
g 2
L

O |

Exercise Pharmacological All

Stress Modality

Shaw L. J Nucl Cardiol 2004
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However, event rates are lower in populations
with suspected CAD as compared with patients

Annual Event Rate

with chronic CAD

Known CAD

16.0

14.0
12.0
10.0
8.0 |
6.0
4.0
2.0 1

High Risk
Suspected CAD Disease Subsets

e Semy v — "SPECT
0.0 — L+ .‘ :

- » Low Risk

0.0 2.0

Shaw L. J Nucl Cardiol 2004

4.0 6.0 8.0 10.0 12.0
Population Event Rate




Patient risk related to a
coronary stenosis

e Non-ischemic stenosis: < 1% per year
(NUCLEAR studies, DEFER, FAME, PROSPECT)

e Ischemic stenosis, if left untreated: 5-10% per
year

e Stented stenosis: 2-3% per year
(DEFER, FAME, SYNTAX, many large studies and

registries)



PET)CENTRUM Limitations of perfusion SPECT OV
to Detect High Risk CAD
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Berman D. J Nucl Cardiol. 2007



Long-Term Prognostic Value of OV
13N-Ammonia PET in patients with CAD

N= 256

A
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MACE Cardiac Death

Herzog B. J Am Coll Cardiol 2009;54:150-6

Detection of all hemodynamically significant lesions is
Important to guide effective therapy
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Perfusion PET, Coronary Flow Reserve, Topine are
Revascularization, and Outcomes

— —
e N
o o
1 J

Adjusted Annualized
Event Rate (%)

CFR High/ CFR High/ CFR High/ CFR Low/ CFR Low/ CFR Low/
No Revasc PCI CABG No Revasc PCI CABG
(n=79) (n=70) (n=17) (n=57) (n=84) (n=22)
L p=0.37 |

-> Only patients with angiographic obstruction AND low CFR seem to benefit for revascularization, especially CABG

Taqueti VR, et al. Circulation 2015



Phantom study Clinical study
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D-SPECT CZT camera Increases cCOunt<&i
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Dynamic Myocardial Perfusion SPECT &&=

— RV
1 — LV Input - - -
= Kinetic modeling
16,000
2-compartment model
12,000 1
10,000
vl ]
5,000 MBF Freely Diffusible Space MBF
oo ~—t——~L~Afee——T (ml/g/min) Q,(1) (count/pixel/min)
2,000 4 § %7 vii /' Vd (ml/ml)
o
o w0 e 250 20 20 20 w50 200 d
Time (S) F 3
BM ks ks
(ml/g/min) (1/min)
4
Ca(t)
(cpm/pixel) Metabolically Trapped Space
Q:(t) (count/pixel/min)

Ben-Haim et al., INM 2013;54:873-879




Topline Care.

@ CrossMark

European Journal of Nudear Medidne and Molecular Imaging
https://doi.org/10.1007/500259-018-3958-7

ORIGINAL ARTICLE

First validation of myocardial flow reserve assessed by dynamic
PMTe-sestamibi CZT-SPECT camera: head to head comparison
with '°0-water PET and fractional flow reserve in patients

with suspected coronary artery disease. The WATERDAY study

Denis Agostini "  Vincent Roule*  Catherine Nganoa' + Nathaniel Roth” - Raphael Baavour* + Jean-Jacques Parienti’ »
Farzin Bu'-:-yfguiz'3 » Alain ManriqueLM
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The Waterday study

PATIENTS ENROLLED
N=45 (96 pts screened)

EXCLUDED FOR ANALYSIS (N=15)
*  No PET, n= 5 (w006, w007, w023, w033, w041)

*  No FFR, n=1{w045), technical issue

+  NoCZT, n= 2 (w012, w034), technical issue

*  Medical treatment between PET and CZT, n=2 (w027, w032)

*  Withdrew their consent, n=5 (w003, w019, w021,w026, w042)

PATIENTS ANALYZED
FFRVS per MFR VS 7y MFR
N=30




p@ggmmpynamic CZT SPECT Imaging Protocol OolV
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37 MBq Sestamibi Stress agent Sestamibi
l l (3 MBa/keg) l (10 MBq/kg)
Delay Regadenoson
25 min \Y

—  MPI protocol duration: 45 min

—  List mode dynamic acquisition

— Reconstruction: 31-frame (20x3 s, 1x9 s, 1x15 s, 1x21 s, 1x27 s, 7x30 s)
— Radiation exposure: <9 mSv (2,6 mSv and 6 mSv)
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Time activity curves (TAC) Sestamibi kinetic model
(Net retention) & extraction
factor K1 calculation

Apply sestamibi extraction
fraction correction (Leppo)
K1 Flow

Calculate Relative flow & reserve

Flow (ml/min/,
Region MC S
LAD 58
- LCX 77 3.46 1
RCA 36 17 B
. : Kl =Flowx(1—Axe” Fim-i-’_)
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Dynamic CZT SPECT package

Injector

» D-SPECT acquisition station
« SW upgrade (SW3.2.1 and above)

» D-SPECT processing station:

« SW upgrade (SW3.2.1 and above)
« Reconstruction SW upgrade -
« 4DM INVIA SW install =5

> Shielded box

> Injector




Dynamic °0-H,0 PET Imaging Protocol &

Low dose CT
(AC)

Rest dynamic
Acquisition
4,5 min

Decay
10 min

Regadenoson
\Y)

Stress dynamic
acquisition
4,5 min

~ 25 min

* GE Discovery VCT RX 64

* Dynamic list mode PET acquisition

 24-frame (14x5s,3x10s,3x20sand 4 x 305s)
« Image processing:

Carimas ® (Turku PET Centre)
lida model, with spillover correction

OolVvV



CZT-SPECT MBF
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PET“\Waterday study: CZT-SPECT vs. 1°0-H,0
.. PET: Myocardial,Flow Reserve
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(0 11%
Case: WD008 Angiography

LAD 80% 0.47

LCX  60% 0.74
RCA_ 100%




Case: WDO0O0S8 Perfusion scan (0] %4

Topline Care.

SA (Apex—Base) =§
s 6

64 yo, female

DM, Hypertension,
Cholesterol, Family
history

Angina

-
GStr Frame: 1 d d ~ 3
|

40

GRst Frame: 1 VLA (SEP—]
26

‘:‘

26




Case : WD008 Dynamic CZT scan

Global Results

Mean Flow (ml/min/g)
Region MC Str MC Rst MC Str MC Rst Reserve
LAD 83 % 81% 2.85 1.91 1.49
LCX 69 % 78 % 1.81 1.49 1.22
RCA 78 % 71 % 2.26 1.63 1.39
TOT 79 % 78 % 2.40 1.72 1.40

Algorithm (MC Str): Tc-99m ROI NetRet Leppo 11 mm

MC Rst
Algorithm (MC Rst): Tc-99m ROI NetRet Leppo 11 mm

Perfusion MC Str Time Activity Curves

MC Str

MC Rst
2 ; 0

Time (sec)
MC Rst Time Activity Curves

Reversibility Reserve-Stats

No-Datdbase Seldeted

Time (sec)

™ Global

CFR is abnormal (< 2)
in LAD- LCX-RCA regions




Case : WDOOS8 PET scan

Global Results

Flow (ml/min‘g)
79 % 2.62 1.42 1.85
85 % 2.01 1.43 1.40
84 % 1.50 1.12 1.33
74 % 80 % 2.10 1.33 1.58

Algorithm (Str): Invia O13WD ROI 1:1
Algorithm (Rst): Invia O15WD ROI 1:1

)o

Perfusion Flow (ml/'min/g) i Str Time Activity Curves

Eeversibiity

Eeserve-Stats

No-Datdbase Seldeted

Global
i

CFR is abnormal (< 2)
in LAD- LCX-RCA region
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Linear model for the difference betwee
SPECT and PET according to the coronary

territory
(SPECT - PET) stress MBF (ml/min/g)
0,8 -
06 LAD LCx
0,4 -
0,2 -
0 -
0,2 -
04 RCA
0,6 LAD LCx RCA
m SPECT -M IIDBI?:T stress 0,57 0,5 -0,38

*p < 0.01 vs. LAD and vs. LCx

Manrique A. EANM 201



Conclusion

Quantitative assessment is the next step in routine SPECT MPI

The WATERDAY study was the first validation study vs. 1*°0-H,O PET, and
demonstrated the feasibility of dynamic CZT SPECT acquisition

Possible improvement:

— New post-processing parameters (#frames, iterations,

),

— Using the same software package for dynamic PET and
SPECT data

— Adding attenuation correction

OolV

Topline Care.




- ‘

4
TN

S 7 Tilburg
Roosendsal @ ¥ Ll
Middelourg Gons Bergen o
opZaom Helmond | &
(e g Eindhoven
. o 4 = o sevor EZ) .
Breskony e E D ey
s @ m yolianatid Vel
5 by o) =) Turhout =
Brasschast L] Lo}
Ot
arene e — ot Vierser
Oostende Biike = Antwerpen [ ] a1 oe, @
s e ] 7z ol Rosimond orion
SintNklass -]
Niewwpoort @ o vor m
De Parce Erkelen:
Heinsberg
kerke iouaden Zoder =
_ i o5 o A Sl
Roeselare Gank h: -
Hasselt . -
Waregem = Hearlen -
9ecge  eger Miastricht
[55%] Kortrk Triden cier
oa o 1
[oe] [ ~ o
Hazebroek e Tourcolng oo ] [ ]
Roubaix bt
Risel m
Goormik

@
o Mo g @ ]

4 : e
wouy . Latowere Namen

o PR e oy -

m , = Charlerol o ]
‘‘‘‘‘ Dowasl i

Arras. e

@ o
~ @ Cambrai >
. -

Sauville o - m
Goooletechian x

i






