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AwaBntn. H B€on tou NMupnvikou latpou

B.lMpaocdétroulog
B s A/TAg NMupnvikAg latpikAg- PET/CT
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AIIEIKONIXEIYX ITYPHNIKHX TATPIKHX

MONO®QTONIAKH (y,X) ITOZITPONIAKH(e*)
EINIIEAH / TOMOI' PA®IKH TOMOI'PA®IA
(Planar / SPECT) (PET)
Movogwtoviokd Padioicotomno : [ToQrpoviaka Pasioicotono
99m T 201T] 67Gg, 13L,123] 111 18F 150 13N 11C 82Rp 68Ga
AvoTopKn-Ag1tovpyikn Moprakn-Xnuikn
Amecovion Ameikovion
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Myocardial Perfusion Scintigraphy:
Assessment of Diagnosis, Prognosis, and
Treatment Response of Cardiovascular Risk.

Diagnhosis, Prognosis, and Response to
Therapy

e Suspected Coronary artery disease
 Known stable coronary artery disease
* Prior to non-cardiac surgery

* Before and after cardiac revascularization



Myocardial Perfusion Scintigraphy: Assessment
of Diagnosis, Prognosis, and Treatment
Response of Cardiovascular Risk

Diagnhosis, Prognosis, and Response to
Therapy Special populations (women,
diabetics)

* Evaluation of acute chest pain syndromes
* Myocardial infarction

* Screening: Multiple risk factors, Family
history

* Response to medical therapy



Detection of Ischemia is Asymptomatic
Diabetes

* Greater than one in five diabetic patients without
symptoms have an abnormal gated SPECT MPI



-
(=]

=
(N

e
o

°©
=
5
=
L
L
3
o
-—
]
=
(
B
T
T

b
b

e
(=]

non-DM DM

Figure 3. Hard event rates (% per ycar) in men (black bars) and women (white bars) with (l:ight) versus without (left) diabetes. Numbers under bars
represent number of patients within category. *p = 0.007. DM = diabetes mellitus.




Predicted Cardiac Mortality (%)

Mormial Mild abiil Miod abml Sy abml
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Fgare 4. (A) Predicted camdisc mortality based om Cox

herards model im mondisbetic men and women with nomal, mildly,
muoderatedy, and severely shnormal scans. Sagnificant diference in moriality
ulﬁlﬂmimnﬂihm{ﬁs}-l—dmﬁc
mudtivarisghle model {p - 00001} (B) Predicted cardiac mortafity based on
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nn:H{ptDMl}.I:ﬂ abmormak Mod = modemte; Sev = sevene.
Salid bar = men; open bar = women
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-Dlagnostic Cost (OFollow-up Cost l

Low Int High Low Int

n= 813 2928 1,682 816 3379 1,631
Pretest Clinical Risk Pretest Clinical Risk

Direct Cath Myocardial Perfusion Imaging
(n=5,423) + Selective Catheterization
(n=5,826)

Figure 6. Overall diagnostic and follow-up costs of care for
direct catheterization (Cath) and initial stress perfusion imag-
ing.%¢ Diagnostic and follow-up costs of care were 30% to 41%
higher for patients undergoing direct cardiac catheterization.
Groups are divided into those with low, intermediate (Int), and
high pretest clinical risk of CAD. Reprinted with permission from
the American College of Cardiology.¢




GATED SPECT Acquisition

> LUOKQPJLAKN dlaxuon

> MEPLOXIKI CUOTOALKN TTaxuvon

> gKTiMNoN dpaocTnEIOTNTAC APLoTEPAS KOLAlag - EF %
> MPOOJLOPLONOC OYKWV apLOTEPACS KOIAIOG

> EAEYXOG KIVNTIKOTNTAG

> EAEYXOG BLwoINOTNTAG

> N gualoBnoiag kai ewdikoTnTag otn diayvwon CAD
>V Peudwg BETIKWY - eKTiUnon mbavov artifacts

XD
5%
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GATED REST-RECONALL
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] Dobutamine Echo 41st./1421pts [ T1-201 40 st/1118 pts
£ FDG PET 20st/598pts [0 MRI 13 8tJ420 pts
I Tc-9%m 25 sLiT21 pts

Figure 6. Comparison of sensitivities and specificities with 95% confidence intervals of the various
techniques for the prediction of recovery of regional function after revascularization. Adapted from
Schinkel et al*® (with permission).

Beanlands and Youssel Joumal of Muclear Cardiology
Diagnosis and prognosis of coronary artery & sease Julyw/August 2000




YBPIAIKH AMNEIKONI2H



YBpidika cvotnpata SPECT/CT

2T UBPLOLKA CUOTAMOTO TO OKEAOC TOU aéOoVLIKOU
Topoypadou pmopel va amoteAeital ano low
resolution CT (un dtayvwotiko CT) i amo
rnioAuTtoputko CT 2-64 Topwv

Kat ta Suo pmopouv va xpnotpomotnouv yla
attenuation correction otn dtevepyela tou
omvOnpoypadnuatoc Tou puokapdiou

[too CACS (calcium score) evbeikvutal CT>6 Topwv

Moo CCTA (a€ovikn otedavioypadia) evoeikvutal
TTOAUTOLLLKOC TopoypadocC 64 ToOpwV N
TouAdxLotov 16 Topwv



IrmvOnpoypadnpa apatwong puokopdiov (EwkOveg stress) oe appeva maxVoaPKO.
Navw oelpég: S10pOWUEVES ELKOVES, GUCLOAOYLKN LEAETN

Kdatw oepég: ENAelppa npocAnyng tou padlopapHAKou OTO KATWIEPO TOLXWHO OTLG
AP eLg xwpic 810pOwon tng e§acBéviong Twv pwrtoviwv




Alepevvnon otedpavioloc vooou

AQ Splash_SS

Name GIANNAKOPOULOU, DIMITRA, NIKOLAOS

PatiD 1000490193

Sex FEMALE

Limits

D =

LHR 0.37

888 7 S88 7 sDS 0
SS%9 SS%9 SD%O

Proc ID 180 Gated Tc 99m CT
View ID SAX-AST-AC-STR-EX
Date 20180730 12:26:28
Datal FemaleStressMB-AC
Volume 35mi

o

Wyall 98ml
Defect 8ml
Exent

TPD

Shape 0.73[SI), 0.72 [Ecc]

Proc ID 180 Gated Tc 99m CT
View ID SAX-AST-AC-RST-EX
Date 2018-07.30 12:26:28
Database FemaleStiessMB-AC
Yolume  36mi

Viall 96ml
Defect oml
Extent 9
TPD 7

Shape 0.71(SI) 0.71 [Ecc]




ITRAC XCT - 1
713012018 713012018

Series: 1 / Slice: 63 Series: 1 / Slice: 6051
Width:978 Level:-430 Width:978 Level:-430




Alepevuvnon otedoviailoc vooou

180 Non Gated Tc99m CT
11 Dec, 2018 10:51:58.00

) 1
Zhace 050 (S 089 [Ecc]
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11 100558
Datazaz:  FemleStessie




DIGENI SEVASTI KONSTAN
1000066106 F

Hygeia Hospital

Philips Healthcare, BrightView
11 Dec, 2018 10:03:14.00
SW2.00 mm

2100

DIGENI SEVASTI KO Hygeia Hospital
1000066106 F Philips Healthcare, BrightVie
11 Dec, 2018 10031400

V200 mm
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_| ' DIGENISEVASTIKO Hyageia Hospital
-| ' 1000066106 F Philips Healthcare, BrightVie

11 Dec, 2018 10:02:14.00
SW 200 mm
7100
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Alepevlvnon otedpaviaiog vOoou

TANOFTAR 04, SORA, ANASTASIOS
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SPECT/CCTA mapadetypa

SPECT : 1oxaiyia oto TTpoo6io TTAQYIO ToixWUa

CCTA : 50-70% otévwan otov LAD o010 UWog Tou OEUTEPOU dlaywViou
KAGdou

SPECT/CCTA : n trEpIOXN I0XAIUIAC AVTIOTOIXEI OTNV ETTIKPATEIQ TOU
deuTEPOU dlaywviou KAGdOU



AIABHTIKO NMOA]



AloBnTtiko modt

* H ooteopveitidba (OM) eival n o cuyvn
eTLtAokn tou dtaBntikov modlov Kalt n
OUXVOTEPN OLTLO LN TPOLUUOTLKWV
AKPWTNPLOOLLWY OTLC OLVOTTTUYHEVEC XWPEC

e Jtnv EAAada kaBe xpovo 2000 Stafntikol
odnyouvTal 0€ AKPWTNPLAOUO

* 30% tTwv OLABNTIKWY PE OLKPWTNPLOCUO OTO
gva TtOOL, Bat UTTOOTOUV AKPWTNPLOOUO KOl OTO
aAAo rodL ota EMOLEVO 3 XpovLal.



2ivOnpoypadpnuo ootwv 3 pacewv

Seldin JNM 1985 94% 79%
Maurer Radiology 1986 13 75% 59%
Shults AmJ Surg 1989 25 67% 43%
Keenan Arch Int Med 1989 77 100% 38%
Larcos AJR 1991 51 93% 43%
Newman JAMA 1991 41 69% 39%
Harvey JFAS 1997 31 91% 40%
Blume JFAS 1997 27 75% 29%

Palestro JFAS 2003 25 90% 27%



YTivOnpoypadnuo ootwyv 3 pAcEWV

BeAtiwon tnc¢ eLOLKOTNTOC
e Seldin: aéloAoynon tnc aptnpLlakng ALUATWONC
Kol OxL TNC PAEBLKNC WC KPLTAPLO BETIKOTNTOC
* EvawoBnoia 94%, sldikotnta 79%

e 4" ¢paon (24 wpec HETIA TN YOpPnynon Tou
padLodapaKoU)

3 dpaoswv 100% 73% 80%
4 pacswv 80% 87% 85%

Alazraki



WBC

* HmnpooAnyPn Twv EMIONUOOUEVWV AEUKWV
(WBC) e€aptatal amo tTnv akEPALOTNTA TNC
XNUELOTAELOC KOl TOV aPLOO TWV KUTTAPWYV
Tou €xouv eritonpovOel (>2000/mm3)

* Ta evupnuata Tou orvoOnpoypadnUaAToC UE
WBC gpunveloOvVTOL CUYKPLTLKA LLE EKELVOL TOU

oTivonpoypodpnUaToC TWV 0CTWV

Tc-99m WBC
+ 3 phoEwy 92% 97% 92%



In-111 WBC vs Tc-99m WBC
i Te%9m

Evépyela 174,247 KeV 140 KeV

T Y 67 WPEC 6 WPEC

AdonN 10 - 18,5 MBq 185 - 370 MBq

ATIELKOVLON 24 wpec 4 wPEeC
In-111 WBC 75-100% 67-89%

Tc-99m WBC 80-100% 70-97%



In-111 WBC vs Tc-99m WBC

OM 1°Y ko 3°Y petatapoiou

.’ - s

Tc-WBC Tc-WBC In WBC
4 hours 24 hours 24 hours
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WBC+3 paocswv ooTtwv

OM 4°Y petatapoiov

B
. %{‘ . .
5
Tc-99m MDP Tc-99m HMPAO WBC

EAAnvika StaBntoAoyika xpovika, 2003, . Apcog






WBC/KoANoeldec

ApBpormnabela Charcot

(:w % *g* i W
FTh
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In-111 WBC Tc-99m SC

C. J. Palestro, SNM 2008



SPECT/CT

H KAQOGOLKN QTTELKOVLON UE TN V- KAUEPQA TIPOOPEPEL
XOLLUNAN OXETIKA OLAKPLTIKA LKOWVOTNTO KOl TTOAAEC
bopEC HELWMEVN duvaToTNTA XWPLKOU EVTOTILOLLOU.
To MpOPANHA AUTO AVILULETWTIL(ETAL LE TOL CUYXPOVOL
vBpLOKA SPECT/CT ouvotipata.

2UYXPOVWC LLE TNV oTtivOnpoypadLKn oItELKOVLON
yivetat AnPn xapnAng 60oewc a&ovikng tTopoypadiog
KoL N ouvinén twv OU0 ELKOVWV OLVEL aKPLBN XWPLKO
EVTOTILOLLO.

H dtadikaoior auth eKToOEeVEL TNV ELOLKOTNTA MLOLG
neBodou mou €xeL ouTwWC N aAAw¢ vPnAn evatcOnoia.



2[MINOHPOITPAOHMA O2TQN 3
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SPECT/CT




Min-WBC
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“mTe-Sulfur Colloid

SPECT/CT ouvbuaopEvn AmeLlKovion e supApata GAEYUOVAC TNG
apBpPOMAACTLKAG.



Me tn SPECT/CT amnelkovion n kabnAwon mpoPaAAel og ootk dopur),
KateuBUvovTag o€ 00TIKA PAeyLOV.

SPECT/CT peAétn pe mpocAnyPn ota podaka popla: MeA£Tn Xxwplc euprjpato
0OTEOUUEALTLOOC.



FDG-PET/CT

Ta pAeypovwdn KUTTOPOA EXOUV AUENUEVO UETABOALOUO
vAukolnc kat mpoocAapufavouv 18F-FDG

Aev umtapyxouV KaBlepwpeva TTPWTOKOAAQ yLoL TNV
armnelkovion tou dtaBntikov modov pe PET/CT

[MoAAEC epyaoiec pe SLOPOPETIKA ATIOTEAECHATA VIO TO
poAo tnN¢ FDG-PET/CT oto dtafntiko modt

EvalocBnoia 40-100%
Eldikotnta 80-94%
AkpLBeLa 70-95%



FDG-PET/CT

OM bevtepou daktuAou aplotepol akpou modoc — SUV max 3,6



2ovtnén swovwv 18FDG-PET/MRI:

* 1.MpoocAnyn otnv meApatioia empavela= Kuttapitda
e 2.MpoocAnyn otov aoctpayalo = ooteopUEATION



2 UUTTEP OO LOTLKAL. .

To omwvOnpoypadnua HE emonpacpevVa Asuka (in
Vivo n in vitro) etvat n eé€taon entAoync otn
Stayvwon OM oto dtapfntiko modt

Elval xpnotuo oxtL povo otn dtayvwon tnc OM, pue
akpifeta 80-95%, aAAd KoL 0TNV EKTLUNON TOU
OeparmeuTtikoU AMOTEAEGUATOC

To orvBnpoypadnua ootwv 3 pacewv eival
XPNOLLO LOLATEPA WC CUUTTANPWHATIKA EEETOION,
aAAa 6€ pmopel va BewpnbBel screening test

MA€ov npemnel va yivetal SPECT/CT
PET/CT; Nea padltodapuoka;




EFKEDAAIKA ETEIZOAIA



SPECT 1maging in cerebrovascular disease

» Diagnosis and prognosis of cerebro-vascular disease
» SPECT: superior to CT/MRI in detecting cerebral
ischemia—

» rCBF imaging: effective in acute phase, less sensitive
in the subacute phase

-8h: SPECT-80%; CT-20%
-7oh: SPECT=CT/MRI

 False negative: lacunar infarctions, luxury
perfusion(2~28 days)



35yo F before thrombolysis

W Tc-HMPAO SPECT

v o
<&

Figure 2. SPECT-HMFAO "B— study. A right-handed famale
had the acute onset of right hamiparesis and aphasia 5 hours
previously. This study demons t':tﬁ: decreasad levels of CBF
tha left frontotam poral region, but whan companng them to sim-
lar ar=sas on the night, the ratio of counts suggests that the tis-
SUe IS 's.t;ﬁ, viable, and thrombolysis may be of

anafit

Latchaw et al Perfusion Imaging in Cerebral Ischemia(Stroke. 2003;34:1084-1104.)
2003 American Heart Association



AJNR:

M

January 2001

ACUTE EMBOLIC MCA OCCLUSION

Fic 3. Patient 6: 58-year-old man with left-sided MCA occlusion.

A, Pretreatment *~Tc-HMPAO SPECT scan shows a perfusion defect in the left
MCA territory.

B, Posttreatment “*Tc-HMPAO (leff) and “*~Tc-ECD (right) SPECT scans obtained
2.5 hours after recanalization by LIT.

C. MR image 2 weeks after the onset of stroke. Infarction did not develop in ROI
2, which showed hyperactivity (A/C ratio of 1.14) on ®Tc-HMPAQ SPECT scan and
isoactivity (A/C ratio of 0.97) on **Tc-ECD SPECT scan. In ROl 1, however, which
showed hypoactivity (A/C ratio of 0.85) on **T¢c-ECD SPECT scan, infarction did
develop despite isoactivity (A/C ratio of 1.06) on **Tc-HMPAQ SPECT scan.

51




[MTAGHZEIZ TQON NEDOPQN
NEDPAITEIAKH YINEPTAZH
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NMAHPO®OPIEZ MOY AAMBANONTAI ANO TIZ
PAAIOIZOTONMIKEZ MEAETEZ TQN NEDPQN
NMNOZOTIKEZ KAI INOIOTIKEZ

AlLaTwon Twv VEGpWV

Evepyoc vedplkn mAaopatiky pof ERPF
nelpapatikn dinbnon GFR

XpoOvoc mapeyxupaTtikng 6tobov  MTT

AettoupyLkn vedpikn palo

YUHUUETOXN KABE vedpou otnv oAlkn vedplkn Aettoupyia
Xpovoc urmtoduthaoitacpol  T1/2 amoyetevonc
‘EAeyxoc amodpaewv

EAeyXOC vEDPOYYELOKNC UTTIEPTOAONG
Metapooxeubeic vedhpoc

‘EAeYXOC KUOTEOOUPNTNPLKNG TTAALVOPOUNONC
Aldyvwon kot mapakoAouOnon veppLkoU TPOAU LATOC



OC&cia Ivehoveppitioa pe DMSA  Planar (pinhole)
Elleypnpatikny Ewkova
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AOKINUGLES

AvtictaOuicuévn Xtévoon 5 f AEMA
Ne@piknc Aptnplag Mezd yopiynen

m. 3 TR

SRR ',‘;' S

SRRy A Oy A
AN N ek, ¥ Sk




Aoxypaociec MAG;-F,

AvtictoOuicusvn Xtévoon ! { AEMA
Negpuknc Aptnpilog Metd yopiynon
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cO-NIN TIE PKTo 20-MIN
_TOTCNTS MAXCNTS CONTS PERK T 1/2 “ofMlX
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0.0
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17Dec2004 DIFFERENTIAL FUNCTION
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RENOGRAM
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PATIENT’S ID g Peak Time(Min): 5.00
PTUDY DATE : ; 1/2 Peak Time : 15.00
' Diff Perfusion : 39%




[INEYMONIKH EMBOAH

IIIIII
g



ErtttokTikn
n dtayvwon tng Nvevpovikng EpBoAnc

Adlayvwotn ME Ovnoipotnta 30%
Alayvwopevn ME Ovnolpotnta 8%
\’@/}“ Carlson et al N Engl J Med 1992

e,



[ToLloc 0 TeEAKOC 0TOXOC TNC SLayvwong
tn¢ Nvevpovikne EpBoAnc?

» Tporonolnon the SUCUEVOUC
dUOCLKNC TIOPELAC TNC VOOOU ME TN

XOPNYyNon QVTUTNKTIKAC OyWYNC

( Aev Ueparmevel Tnv untapyouvoda...
[MpouAaooEel Ao TIC ETTOUEVEC)
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Perfusion

Anterior Posterior RPO LPO V/ P planar Kal
5 e spect ELKOVEC OTOV

Ventilation

16lo acBevn

Perfusion

Frontal slices Sagittal slices



AToTeEAECHATA ATTO METAAVOAAUCELC
3000 V/P spect

» NPV=97-99%
» Sens= 96-99%
» Spec=91-98%
» Mn StayvwoTtika 1-3%

Reinartz P.et all ] Nucl Med 2004

Lemb et all Nucl Med 2001

Bajc et all J Intern Med 2008

o Leblanc et all Nucl Med Commun 2007

e,



AlayvwoTtikn akpifeta (Accuracy)
V/P scan vs MDCTA

Evpnuata ano HETOaVOAUOELC

» Me (-) ayyeloypadia 1,6% twv acBsvwv aventvooe ME otn
dtapkela tou follow up

» Me (-) MDCTA (318 aoBeveic) 1,5% twv aoBevwv
aventuooe [E oto follow up

» Me (-) V/P scan (1877 aoBeveic) 0.4% twv aoBevwv
vooouoe amno MNE oto follow up

» ZUYKPLTLKEC LEAETEC KON KoL TtPOOHATEC TTOU HELYVOUV
vrtepoxn tnc MDCTA, Baoill{ovtol o€ aOPXOLOEVEC
oTilVONPOoYPaDLKEC TEXVIKEC Kall OLAYVWOTLKA KpLTnpLo



KALVLKO TTPOLYLOLTOTIOLN OLLLEC OE
oxeon pe StaBeoipotnta
» MDCTA Sl00€0Lpo oxedov o€ O T VOOOKOUELDL
KoL €1l 24wpou Baocewc

» To V/P spect aAAd akoun kat to V/P eival StaBeotuo
o€ TTOAU AlYOTEPOL VOOOKOMELQ KOl oTtavLa 0 24wpn

Baon

JAUTO amoteAel Kot Tn Bocikn attia TNG
guputepNC xpnonc tnc MDCTA yuwa tn
dtayvwon tng MNE



JUMTEPACATO

» H dtayvwon tnc NE amattel anetkovioTtikn emiBefoiwon
LLE ApLoTeC TexVIKEC (MDCTA n V/Pspect)

» AloBeopotnta : IVIDCTAﬁ /P spect

» Avtevdeitelc:V/Pspect ﬂ MDCTA

» Noopetpla:V/Pspect || MDCTA

» MooooTo un dtayvwoTtikwy : V/Pspect HI\/IDCTA

» EvaoBnotia ywa idla eldikotnta V/Pspect ﬁ MDCTA

» Ektipnon tn¢ €ktaonc tne NE Baoel tng enidpaonc Tng
oTn AsLToupyla TWV MVEUUOVWV:

V/P spect | MDCTA



Fused Sagittal TRANSVERSE VENT 6/24/2019 10:29:52 AM
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Figure 1: Focal “F-fluoride and *F-fluoredeacyglucose uptake in patients
with myocardial infarction and stable angina

Patientwith acute ST-segment elevation myccandial infarction with (A) proximal
oodusion (red arrow) of the left anterior descending artery on invasive coronary
angiography and (B) intense focal *F-fluoride (*“F-MaF, tissue-to-background
ratios, culprit 2-27 versus reference segment 1-09 [108% increase ) uptake
(wellow-red) at the site of the culprit plague {red armow) on the combined positron
emission and computed tomogram (PET- CT). Comesponding

UF- fluorodemoglecose PET-CT image () showing mo uptake at the site of the
culprit plague (**F-FOG tissue-to- backgrownd ratics, 1-63 versus reference
segment 1-91 [15% decrease]). Note the significant myocardial uptake overlapping
with the coronary artery (vellow arrow) and vptake within the cesophagus

{blue arrow). Patientwith anterior non-5T-segment elevation myocardial
infarction with () culprit {red arrow; keft anterior descending artery) and
bystander non-culprit (white amow; ciroemiflex artery) besions on invasive coronary
angiography that were both stented during the index: admission. Cnly the culprit
lesion had increased **F-MaF uptake (“F-MaF, tissue-to-backgrownd ratios culprit
2073 versus reference segment 1-08 [ 88% increase]) on PET-CT (E) after
percutaneous coronary intervention. Comesponding **F-fluorodecsyglucose
PET-CT showing no uptake either at the culprit {“F-FDG, tissue-to-background
ratics, culprit 1-62 versus reference segment 1-49 [ %% inmease]) or the bystander
stented lesion. Mote intense uptake within the ascending aorta. In a patient with
stable angina with previous coronary artery bypass grafting, imvasive coronary
angicgraphy (G} showed non-obstructive disease in the right coronary artery.
Comesponding FET-CT scan (H) showed a region of increased F MaF activity
{positive lesion, red ling) in the mid-right coronary artery (tissue-to-background
ratio, 3-13) and a region without inoreased uptake inthe proximal vessel (negative
kesion, vellow ling). Radiofrequency intravasoular ultrasound shows that the
“F-NaF negative plague () is principally composed of fibrows and fibrofatty tissue
{green) with confluent calcivm jwhitewith acoustic shadow) but litte avidence of
necrosis. On the contrary, the *F-NaF positive plague () shows high-risk features
supch as a large necrotic core {red) and microcalcification (white).



Figure 3: Carotid *F-fluoride uptake and carotid plaque rupture

In-vivo (A and B) and ex-vivo (C and D) positron emission and computed tomograms showing colocalisation of *F-fluoride (*F-NaF) uptake (yellow-orange) to the
site of plaque rupture with adherent thrombus on excised carotid endarterectomy tissue (E and F). Histology of the “F-NaF-positive region shows a large necrotic
core (Movat's pentachrome, magnification 4x, G), within which increased staining for tissue non-specific alkaline phosphatase can be seen as a marker of calcification
activity on immunohistochemistry (magnification 4x, H; magnification 10x, 1)

www.thelancet. com Published online November 11, 2013 http://dx.doi.org/10.1016/50140-6736(13)61754-7



Populations Who Benefit from SPECT MPI

Diagnostic and prognostic chest pain evaluation
Angina

Atypical Angina

Atypical Chest Pain

Non-cardiac Chest Pain

Peri-operative risk of non-cardiac surgery
Diagnostic and prognostic evaluation of ACS
Emergency Department

In Hospital



Populations Who Benefit from SPECT MPI

Hemodynamic/prognostic assessment of known CAD

High risk asymptomatic populatios

Diabetes, Metabolic syndrome, insulin resistance syndrome
Family history of sibling with coronary event

Mediastinal radiation

Multiple coronary risk factor

Monitoring effectiveness of surgical and percutaneous
revascularization

Monitoring effectiveness of “ medical revascularization”
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Figure 1. Specificity of 2'Tl (open bars), *®*™Tc-sestamibi p
sion (striped bars), and gated **"Tc-sestamibi SPECT (speck
bars) imaging studies for both women without CAD and normsz
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Figure 6. Relationship between log relative hazard for predicted cardiac mortality and summed stress score in insulin-dependent diabetes mellitus (TDDM),
non—insulin-dependent diabetes mellitus (NIDDM), and nondiabetics. p - 0.001.




ATTENUATION CORRECTION
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Irmvonpoypadnua apatwonc puokapdiov (ewkoveg stress) oe ORAv axvoopKo.
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YBpLOLKN arelkovion

* SPECT avadelKVUEL AV OL OTEVWOELC TWV
oTtedaviaiwyv ayyeiwv nou mPoKUTTTOUV OTNV
CCTA &ilvall atpoSUVOULKO ONUOVTLKEC

* CCTA nipooBetel StayvwoTtikn aélo oto SPECT
O€ TEPLMTTWOELC a.oBevwyv pe otedaviaio vooo
TPLWV ayyeiwyv, oe balanced ischemia



YBpLOKN QTELKOVION MUOKAPOLOU

e JuvoualeL To LOPDOAOYIKA-OVOTOMLKA EVPAULATA
(CCTA) pe TIc AslToUupyLKEC TTANPOdOpLEC-OLULATWON,
uetoBoAlopoc (SPECT) BeAtiwvovtac tTnv SLayvwoTLKN
akpiBeLa

* Movo 10 32% TwV a0OEVWV PE ONUOVTIKEC OTEVWOELC
otnv CCTA eiyav woxatpia oto SPECT (Functionally
relevant coronary artery disease: comparison of 64-
section CT angiography with myocardial perfusion
SPECT, Gaemperli Oet.al)



Fipure 4. Example of fusion imaging in a patient with mult-vessel commary arlery disease, A,
Short axis, vertical and horizontal long axis shees of the stressirest SPECT. It was read as probably
normal, B, Polar maps of the same SPECT stwdy. C, Mult-planar reconstuctions of the coronary
anteries on CT angiography showing a plague in the proximal lefl anterior descending coromary
artery and possible stenosis in the lefl arcumflex coronary antery, I, Three-dimensional rendering
of the coronary arteries on CT angiography showing the paths of the coromary arteries and location
of plagues ssen in the mult-planar rformations in 38, E, Fusad display; the black area on the fused
display identi fes a region of myocandial by poperfusion during stress, The s2gments of the coronary
ateries renderad in gresn are segments distal o stenoses seen oon OT angography, This fused
display was read as positive for coronary artery disease. Invasive angiography showed a 50%
proximal left anterior descending coronary artery stenosis and a 90% stenosis in the Grst marginal
vessels thus the Tused display was intempretad comectly,
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PET Perfusion for Cardiac Imaging

PET 82Rb Stress-rest

< Cardiac PET allows evaluation:
Myocardial viability o
* FDG (T1/2 110 min)
* Others less available -
Myocardial perfusion o
+ 82Rb (T1/2 90 sec)

$2Rb-Generator
+ BN-ammonia (T1/2 10 min) ®
Cyclotron *» =
* Advantage: -
Better resolution . " )
Lower radiation dose  # # fy 1)

Attenuation correction -
= Short with CT Courtesy of J. Machac-Mt Sinai, NY
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Figure 4. Kinetics of MPI perfusion tracers. Graphical pre-
sentation of the relationship between absolute MBF of the
several PET radiotracers and actual tracer uptake.




82Rb

I

Scout 5 1
Gated 8 8
Rest 8 8
Attenuation 8 1
Pharmaceutical 7 7
Stress 8 8

Total 44 33



SA-1

SA-2

SA-3

HLA

VLA

Stress Rest

A, Normal stress and rest 82Rb PET images. B, Resting
end-diastolic (ED) and end-systolic (ES) gated images, showing uniformly
good contractility.



Stress

Rest

SA HLA VLA

13N Ammonia PET images demonstrating anterior and lateral
defects during pharmacological stress and significant improvement
at rest, consistent with ischemia. SA, short axis; HLA, horizontal
long axis; VLA, vertical long axis (courtesy of Dr. H Schelbert,
UCLA School of Medicine, CA).



Dipyridamole stress and rest 82Rb PET/CT images in a 56 year old obese
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Figure 3. Overall diagnostic accuracy for PET and SPECT: 50% coronary stenosis threshold
(A) and 70% stenosis threshold (B). Adapted from Bateman et al'~ (with permission).

Beanlands and Youssel Joumal of Muclear Cardinlogy
Diamosis and prognosis of coronary artery & sease Julv/August 2010



Diagnostic Accuracy: PET vs SPECT

DIAGNOSTIC ACCURACY BY GENDER DIAGNOSTIC ACCURACY BY BMI

1m .P:.55 P: ,mg e *P= 1(}5 IF= .ﬂg
B4% = 87% 85%
80  go% 67% 70% 67%
60
40
20
0 : :
Men Women BMI <30 BMI=>30

MVD SENSITIVITY

1
- *P=.03
80 71%
B SPECT 60 48%
] PET 40
20

Multl Vessel Disease

Fig. 2. Diagnostic accuracy: body mass index (BEMI), gender influence, comparison of SPECT/PET disease severity.
(Data from Bateman TM, Heller GV, McGhie Al, et al. Diagnostic accuracy of rest/stress ECG-gated Rb-82
myocardial perfusion PET: comparison with ECG-gated Tc-99m sestamibi SPECT. J Nucl Cardiol 2006;13:24-33.)



TABLE 5
Comparison of Diagnostic Information Provided
by PET and Multislice CT

Parameter PET Multislice CT

Left ventricular function ++ +++
Coronary calcification — ++

Coronary angiography — +4+
Perfusion

Metabolism

Viability

Plaque morphology

Molecular imaging




Murthy and Di Carli
Coronary vascular dysfunction and the diagnosis and management of CAD

ety st | o e | s
m——m—
WPET | 9% | 91% | 86% | 97% | 9% |
apETCA ok | 1o 8%

Figure 4. Addition of CTA to quantitative PET improves
diagnostic accuracy sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and overall
diagnostic accuracy for coronary CT angiography (CTA),
quantitative 'O water PET stress perfusion or both among 107
prospective patients compared to quantitative invasive coro-
nary angiography and fractional flow reserve assessments.
Addition of CTA to PET significantly improved overall
diagnostic accuracy compared to CTA alone (P = .004) or
PE'I‘T%lnue (P = .01). Adapted with permission from Kajander
et al’.

Journal of Nuclear Cardiology
September/October 2012




Joumal of Nuclear Cardiology Di Carli, Dorbala, and Hachamovitch 143
Volume 13, Number 2;139-44 Integrated cardiac PET-CT for the diagnosis and management of CAD

Myocardial Perfusion PET

Stress 2 Rb
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Rest 2 Rb
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Figure 4. Integrated Rb-82 myocardial perfusion and CT coronary angiography images in patient
with suspected CAD. These rest and stress myocardial perfusion PET images are normal. The
coronary anatomy was left-dominant (images not shown). The CT angiogram demonstrates discrete
areas of severe calcification in the proximal right coronary artery (RCA) and left anterior descending
artery (LAD). as well as in the distal left main artery (LM). The integrated PET-CT findings are
consistent with the presence of extensive coronary atherosclerosis without flow-limiting disease (ie.
normal perfusion), suggesting no need for revascularization. Ao, Aorta: LCx, left circumflex artery:
RI. ramus intermedius.
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D Cark, Dochala, and Hachamovitch Jommal of Naclear Cardiology
Integrated cardiac PET-CT for the dugnosis and masagement of CAD March/Apail 20006

Myocardial Perfusion PET giogram

Stress °©

Rest " Rb

e ©
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Figure 3. Integrated Rb-82 myocardmal perfusion and CT coronary angiography images in patient
with suspected CAD. The rest and stress myocardial perfusion PET images demonstrate a small
perfusion defect of severe mtensity in the mad and basal lateral walls with significant bat not
compicle reversibility. On CTA, the coronary anstomy was nght-dominant (images not shown),
with severe luminal narrowing of the proximal lefl antenior descending artery (LAD) and leht
circumflex coromary artery (LCx) (shown in crossesectional images of the vessels in the inser). The
integrated PET-CT resulls suggest that although the patient has extensive coronary atherosclerosis
in the proximal LAD and [LCx, only the L.Cx stenosis is hemodynamecally significant. Follow-up
catheter-based coronary angiography demonstrated a totally occluded LCx (filled by collaterals),
with minimal disease in the proximal LAD. ANT, Anterior: SEP, septal; LAT, lateral; INF, infenior;
LM, left main artery; Ao, aorta: R/, ramus mtermedius,
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NUCLEAR MEDICINE
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Myocardial Flow Reserve (MFR)
= Vasodilator Capacity of the Coronary Circulation

MBF during hyperemia (a)
MFR

MBF at rest (b)

(MBF=myocardial blood flow as determined with PET)

(a) Increasing age and microvascular dysfunction due to
cardiovascular risk factors hyperemic MBFY = MFR {

(b) Resting MBF dependent on metabolic demand (or
myocardial workload) !: e.g. heart rate T and/ or arterial
blood pressure T= resting MBFT = MFR {
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BiBALoypadika <5% twv acBevwv e
oapKOELOwoN €xouv KapdLaKN CUMHUETOXN
Avtoyia: kapdlokn ocvuppetoxn oto 20-25%
Twv aoBevwv

2,4% otn povpn PuAn, 0,85% otn Asukn GuAn
15-25% twv Bavatwv acBevwv e
oapkoeldwon odetlovrol otnv Kapdlokn
OULLLLETOXN



KAPAIAKH SAPKOEIAQSH
T oo

% Tc-MIBI 63,6%
67Ga 36,3%
18FDG-PET 98%

Okumura W, et al, JINM 2004:45:1989-98

_ EYAIZOHZIA EIAIKOTHTA

18FDG-PET 87,5% 38,5%

MRI 75% 76,9%

Ohira H, et al, Eur J Nucl Med Mol Imaging 2008; 35:983-41



Fig. 1. Images from a 42-year-old woman with biopsy proven neurosarcoidosis who presented with ventricular
tachycardia. (A) Myocardial perfusion single-photon emission tomography images; stress (top row) and rest
(bottom row) showed normal perfusion. (B) FDG-PET image showed focal uptake in the midanterior and midin-
ferior region of the myocardium, suggesting sarcoidosis involvement. (C) Follow-up FDG-PET images showed
resolution of focal FDG uptake after steroid treatment.
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Fig. 1. The different stages of atherosclerotic plaque development in humans. AHA, American Heart Association.
(From Douma K, Prinzen L, Slaaf DW, et al. Nanoparticles for optical molecular imaging of atherosclerosis. Small
2009;5(5):544-57; with permission.)



Fig. 3. Transaxial '®F-NaF-PET/CT images of common iliac arteries. (A) CT image. White arrow shows calcification.
(B) There is an '®F-NaF uptake indicated by a black arrow on the PET image. (C) Fused PET/CT image shows coloc-
alization of '®F-NaF uptake and calcification in atherosclerotic lesion (white arrow). (From Derlin T, Richter U,
Bannas P, et al. Feasibility of 18F-sodium fluoride PET/CT for imaging of atherosclerotic plaque. J Nucl Med

2010;51(6):862-5; with permission.)



Fig. 5. Transaxial PET/CT images of atherosclerotic plaque in ascending aorta: (A) CT image shows calcification
(short arrows). (B) "®F-FDG PET image shows no tracer uptake; however, on '*F-NaF PET image (C) there is an accu-
mulation of tracer indicated by a long arrow. (D) Coregistered and fused ®F-FDG/'®F-NaF PET/CT (long arrow).
(From Derlin T, Toth Z, Papp L, et al. Correlation of inflammation assessed by 18F-FDG PET, active mineral depo-
sition assessed by 18F-fluoride PET, and vascular calcification in atherosclerotic plaque: a dual-tracer PET/CT study.

J Nucl Med 2011;52(7):1020-7; with permission.)
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Fig. 7. Correlation between cardiac Global Molecular Calcification Score (GMCS), measured by'®F-NaF-PET/CT,
and age. There is a statistically significant increase in cardiac molecular calcification with age (Pearson correlation
coefficient = 0.92; P = .003). (From Beheshti M, Saboury B, Mehta N, et al. Detection and global quantification of
cardiovascular molecular calcification by fluoro-18-fluoride positron emission tomography/computed tomog-
raphy—A novel concept. Hell J Nucl Med 2011;14(2);114-20; with permission.)



Aortic Calcification
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Fig. 8. Correlation between aortic SUVy,can, measured by'®F-NaF-PET/CT, and age. There is a statistically signifi-
cant increase in aortic molecular calcification with age (Pearson correlation coefficient = 0.97; P = .004).
(From Beheshti M, Saboury B, Mehta N, et al. Detection and global quantification of cardiovascular molecular
calcification by fluoro-18-fluoride positron emission tomography/computed tomography—A novel concept.
Hell J Nucl Med 2011;14(2);114-20; with permission.)



**F-fluoride positron emission tomography for identification
of ruptured and high-risk coronary atherosclerotic plaques:
a prospective clinical trial

Nikhil V Joshi, Alex T Vesey, Michelle CWilliams, Anoop 5V Shah, Patrick A Calvert, Felicity H M Craighead, Su Ern Yeoh, William Wallace,
Donald Salter, Alison M Fletcher, Edwin | R van Beek, Andrew D Flapan, Neal G Uren, Miles W H Behan, Nicholas L M Cruden, Nicholas L Mills,
Keith A A Fox, James H F Rudd, Marc R Dweck*, David E Newby™*

wwnw.thelancet.com Published online November 11, 2013 httpy/ /dx.doi.org/10.1016/50140-6736(13)61754-7
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Figure 2: “F-fluoride and *F-fluorodecayglucose uptake in patients with myocardial infarction

Y- fluoride activity (miaximum tsswe-to-background ratico) was increased imthe culprit plague (red) compared
with the masdmum uptake in any of the non-culprit plagues (bluee). By contrast, therewas no difference in the
activity of *F-fluorodecyglucose between these regions.



......

OAOIIKEZ ETIITITQZEIZ AKTINOBOAIAZ

'y ‘“"3-‘{‘...../ I
S

Tumikéc Tipéc Evepyou Adong

The British Journal of Radiology 70:437-439:1997
UNSCEAR Vol 1: 2000
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Tumikéc Tigéc Evepyou Adong

E€etaoeic kapdiag

E€éraon Evepyn d6on (mSv)
Emeppariki
ZTepavioypapia 4.6 - 15.8 mSv?
HE ayyeioypdyo
AYYEIOTTAQOTIKA 7.5 - 57 mSv?
CT arepavioypayia 6.4 mSv (16-slice)3

11 mSv (64 slice)?
1035 aoBeveic

2.
3.

UNSCEAR Vol 1: 2000

Circulation 2006;113:1305-10




Tumikéc Tigéc Evepyou Adong

E€eTaoeic kapdiag

E€évaon Evepyn 86an (mSv)
RF-ablation 15.2 (2.1-59.6) mSv*
H/® peAétn 3.2 (1.3-23.9) mSv*

4. Europace 2006 8(6):443-448
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Tumikéc Tigéc Evepyou Adong

E€eTaoeic kapdiag

ZmvOnpoypdenua Evepyh doon (mSv)

TI-201 17+ mSvé

Tc-99m- 8.5+ mSvé
tetrofosmin

Tc-99m-sestamibi 8.9+ mSv°

5. International Commission on Radiation Protection. Radiation dose to patients from
radiopharmaceuticals: Addendum to ICRP 53. New York, NY: Pergamon Press: ICRP

( > Publication 80; 1999.

(¥ Q\ “Enternational Commission on Radiation Protection. Radiological protection in biomedical

“w"| research. New York, NY: Pergamon Press: ICRP Publication 62: 1993.




Table 2
Average Effective Radlation Doses for Myocardial Perfusion PET and SPECT

Average Effective Dose  Average Effective Dose from CT  Average Total Effec-
Protocol from MPI (mSv)* Attenuation Correction (mSv)t tive Dose (mSv)

One-day technetium 99m 0.0-11.4 0.5 10.9-12.4
(=T¢) SPECT

Two-day ™ Tc¢ SPECT 12.8-15.7 0.5 13.8-16.7
200TY™=T¢c SPECT 29.3 0.5 30.3

Stress-only = T¢ SPECT 7.1-8.0 0.5 8.1-9.0
“N-ammonia PET 2.2 0.5 2.7

®Rb PET 37 0.5 4.2

Note.—MPI = myocardial perfusion imaging.

*Estimated using injected doses per American Society of Nuclear Cardiology guidelines (21). ¥Rb dosimetry
estimated according to references 18 and 22.

tCT attenuation dose is based on typical protocols used for cardiac imaging. Attenuation correlation for SPECT
assumes two separate scans (stress and rest).




TABLE 3
Effective Radiation Dose for Cardiac PET/CT Studies
(61,123,124)

Study

PET
8F_FDG (370 MBq)

13N-NH3 rest/stress (2 x 550 MBq)

%2Rb rest/stress (2 x 740 MBq)

H,130 rest/stress (2 x 740 MBqg)

Transmission %8Ge rod sources
Multislice CT

Calcium scoring

CT angiography

CT-based PET attenuation correction




Table 21 Estimated annual cost of FDG-PET for myocardial viability assessment in comparison with SPECT,

CE-MRI and DE.
Test MBS item Unit cost (§)  Proportion of  Cost per MBS cost estimate ($)
patients patient ($) low and high use
3000 cases 5000 cases

FDG-PET 61562 899 1 1182 3 546 000 5910000
Perfusion study (SPECT) 61303 b6d 05

SPECT 61307 835 1 835 2505000 4175000
CE-MRI 63385 & 63491 493 1 493 1479000 2 465000
DE 517 & 11712 405 1 405 1215000 2025000

It is important to note that the estimates here represent a comparison of gross annual costs of testing all the potential 3000 to 5000 cases by
each modality, and are highly dependent both on use and on the unit costs of testing.



MEIONEKTHMATA PET/CT

Muwkpn dtaBeoipotnta

[eploplopeva enLotnpovika dedopeva
YYnAO KOOTOC

Mn kaAun amo aocPaAloTLKO cUoTNUO



indt;ntages of cardiac PET and PET-CT
Improved image quality

Higher spatial and contrast resolution
Accurate attenuation correction
Higher diagnostic accuracy

Excellent risk stratification

Rapid procedure

Rest and peak stress gating

Added information: blood flow, calcium, coro-
nary CT

Data from Heller G, Calnon D, Dorbala 5 Recent

advances in cardiac PET and PET/CT myocardial perfu-
sion imaging. J Nucl Cardiol 2009;16(6);962-9.




YBpLOKN QTELKOVION MUOKAPOLOU

* Ta meploocotepa StaBeoipa vBpPLSIKA
ocvotnuota €xouv 16 slice CT-yapnAn Xpovikn
KOLL XWPLKN OLAKPLTLKOTNTA

* Ytapxouv avtovoua cvotnpata pe fusion
software (stand-alone systems) nou
ETILTPETOUV TNV oUVTNEN TWV ELKOVWYV AEOVLKNC
otedpavioypadloc LE TIC ELKOVEC TOU
omvOnpoypadnuatoc oe Alyotepo arno S5min



Additional Absorbed Dose in Hybrid
systems

Antoppodoupevn 6oon yia CACS kot CCTA

— g&PTATOL OTTO TO UNXAVN O KOL OTIO TO TIPWTOKOAAO
QTTELKOVLONG TIOU XPNOLUOTIOLELTOL

e [wa calcium score utoAoyiletatl =1-2mSv

e [wa tnv atovikn otepavioypadia( 64CT pe ECG
trigger ka step-and-shoot mpwtokoAAo) 2-5mSv



Coronary artery calcium score (CACS)

* Ghadri et al.: Very high coronary calcium score unmasks
obstructive coronary artery disease in patients with
normal SPECT MPI

— Avedelée tnv npooBetn mpoyvwoTtikn aio tou deiktn calcium
score oto omnwvonpoypadnua puokapdiou
— 3 opadeg (uBpLdkn amewkovion SPECT-CACS)
e matched :Betko SPECT kot CACS
e unmatched :apvntiko SPECT kat CACS Betiko
* matched: apvntiko SPECT kat CACS

— Hnpwtn opada (Betiko SPECT kat CACS) eixe ta ro Suopevn
arnoteAeopata (p<0,01 yia epdpayua puokapdiov kat Bavato)



YUMTIEPAOLATO

* H oupmANpWMATLKN OVATOMLK Kot AELTOUPYLKN
nAnpodopia Tov apeEXETAL arto TNV LBPLOLKN
amnelkovion SPECT / CCTA:

— npoodidel mpocOetn dlayvwotikn agla otnv avixveuon
otedaviaiog vooou

— QTTOTEAECUATIKOTEPN SlaoTPpWHATWON KvdUVoUu

— TIPOYVWOTLKN oia

— KaAUtepn Staxeiplon Twv acBevwy

— oUupPoAn otn BEATLOTN XpAoN TWV TTOPWV



YUMTIEPAOLATO

* ETLTPEMEL TNV AMTOTEAECUATIKA QVOyVWELON
aocBevwyv pe:

— otedaviaia vooo mou Ba emwdpeAnBouv amno
DOPUAKEVTLKA aywyn EVAVTL EKELVWV TtoU Ba ITPETIEL
va uTtoBAnBouv oe emavayyeiwon

— mtoA\atA€c BAaBec ou Ba kaBobnynBouv otnv
KataAAnAn neBodo enavayysiwonc

— UTTOKALVLKN oTedaviaia aptnplooKANpwon Omou
LUrtopel va evdeikvutal o emiBetikn mpoAnydn

— puoLoAoyLIKEC oTtedaviaiec apTnpLleg, oL omoiol
LLTTOpOoUV UE aodaAeLla va avaalouv TTEPALTEPW
KO POLOAOYIKEC EEETACELC



YBpLOKN QTELKOVION MUOKAPOLOU

matched unmatched negative
MooooTo €TroWWY 6,0% 2,5% 0%
cuppaviwy
Entavayyeiwon peta 41% 11% 0%

aro 60 NUEPEC

* UYNAN TTPOYVWOTIKI agia
* ICXUPO QVTIKTUTTO OTNV £TTIAOYN TNG KATAAANANG
BepaTtreiag

Pazhenkottil et al. Impact of cardiac hybrid
SPECT/CCTA on choice of treatment strategy in
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Fig 1. Relationship between pretest likelihood (X axis) and
posttest likelihood (Y axis) of angiographically significant CAD
for a test with 90% sensitivity and 90% specificity. The upper
curve (dashed) depicts this relationship for the abnormal test
results, and the lower curve (solid) for the normal test results.
The center line is the line of identity. Vertical lines a, b, and ¢
delineate three different pretest likelihoods of 0.01, 0.5, and
0.99, respectively. The length of these lines can be considered
a measure of the diagnostic value of the test. Note that the




Normal Abnormal

Figure 2. Rate of death or nonfatal myocardial infarction in
patients with normal and abnormal stress SPECT images from
14 published reports comprising >12 000 patients. Reprinted
with permission from the American College of Cardiology.26




ENAEIZEIX PAAIOIZOTOHNIKQN TEXNIKQN

Eldikotepa oL padLOICOTOTILKEC MEOOSOL Elval XPAOLUEG OTLC KATWOL TEPLNTWOEL :
a) 2tn dtayvwon tng urapéng N KN KAWLKA onuavtikng IN, Tnv ektipnon tng
B€onc, Tou Babpov Kal TNE EKTAONC TNC LOXOLULAC 1 TNG LUoKapdLaLKAC OUARC.
B) ZtnVv ekTipnon TNS ALLOSUVAULKIC ONUOVTIKOTNTOC YVWOTWV OO TN
otedavioypadia aAAolwoewv

y) Ztov kaBoplopo tou Kivduvou (risk stratification) kat tng mpoyvwong tou
otedaviaiov aocBevoulc yevikad. Ocov adopd Tov KaBopLopo tou Kwvduvou,
LSlaitepn katnyopia amoteAovyV : i) acBeveic petd amo ofL Epdpaypo Tou
nuokapdiou kat ii) aocBeveic pe yvwotn r umorttn 2N mpLv amno peilova (pn
KapSLOXELPOUPYLKN) XELPOLPYLKN ETEMPOON.

0) Emi epdpaypatoc, otnv EKTinon tne Blwoipotntog tov puokapdiov. H
HnEBodocC eival xprnolun yla tnv dtakplon ouAng — Loxolpiag kat tnv poPAedn
TNC AELTOUPVYLKN G ATIOKATAOTAONC TOU HUOKAPOLOU HETA QIO EMAVAYYELWON.

g) 2tn SLakplon otedavialwyv N pUn attiwv oe acOeveic mov MPOoEpYovTaL oTa
enelyovta e€wtepka latpeia pe cuvOpouo pocOlov Bwpakikou AAyouC.
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LYITKPIZH METABOAIZMOY, AIMATQZEQZ,
KINHTIKOTHTAZ TOIXQMATOZ

_ METABOAIZMOZ | AIMATQZH KINHTIKOTHTA | ENANAKATANOMH
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yu.5+ 138
r-'-:.x:é?- ¢=0.90, SEE = 17
P < 0.000"
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Figure 2, Correlation between end-diastolic volume (EDV) (A), end-systolic volume (ESV) (B), und ejection fraction (EF)
(C) measured by gated single photon emission compuied 1omography (SPECT) and magnetic resonance imaging (MR/).
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PAAIOIZOTOMIKEY TEXNIKEZX
META AITEIONAAZTIKH

[Ipoyvootikn acio

[Ipoyvootikn acio

TI- 201 OOKILAGIOG KOTTMGEMG
Enavactévoon 74% | Emavaoctéveon 50%
21N0&yyM 66% |XtOdyyn 38%

Wijns et al, Am J Cardiol 1985 ; 55:357




PAAIOIZOTOMNIKEZ TEXNIKEZ META
AITEIONAAZTIKH

[Ipoyvomotikn aio IIpoyvootikn acio
TI- 201 OOKIUAGIOG KOTTMGEMG
OeTiKn 93% | Octikn 86%
Apvnrtikn 93% | ApynTikn 63%

Breisblatt et al, Am J Cardiol 1988 ; 12:1199
* QeTikG omvonpoypaenua 4-6 eBOONASEC NETA AYYEIOTTAQCTIK
olayIyvwaokel 1} TTPORAETTEl ETTAVACTEVWOT GE 3-6 PIVEC.

--------------
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120
& Acute Rest Image
100 106 98
93 93
2. __|| Il cTnl baseline
2
E 63
5 . "T||/I@ cTnT baseline
g 40 = - —
@ . .1 || Myoglobin baseline
E ” 17 e
. H \ 1 |20 cK-MB baseline
0 hme— . B
Sensitivity Specificity

Duca, et al, Comparison of acute rest myocardial perfusion
Imaging and serum markers of myocardial injury in patients with
'j'.'jjif: ''''''''''''' Qhest pain syndromes. J. Nucl. Cardiol. 6:570-576, 1999



4 Non-QAND Q- R
WAVE
MYOCARDIAL

INFARCTION \
X -— o e o~ —— - - ‘.‘:‘j{\ ————————— -

PATIENTS WITH
UNSTABLE ANGINA

IRREVERSIBLE
Serum CK, CK-MB

{ myoglobin)

Serum Hiomarkers (cTnT, ¢Tnl,

PATIENTS WITH CORONARY ISCHEMIA

REVERSIBLE

l Acute Rest Myocardit"l Perfusion Imaging
Y

Figure 2. Conceptual model depicts role of diagnostic modalities throughout a wide spectrum of acute coronary
syndromes. Spectrum varies from those patients with atypical symptoms and no ECG changes to patients with typical
symptoms, ECG changes, and higher likelihood of acute MI (biochemical markers, serum enzymes, and acute rest MPI)

Duca, et al, Comparison of acute rest myocardial perfusion
____________________ Imaging and serum markers of myocardial injury in patients
;@\; ; with chest pain syndromes. J. Nucl. Cardiol. 6:570-576, 1999
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Acute Perfusion Study
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EINAI TO AMEZO 2MINOHPOIPAOHMA
MYOKAPAIQOY 2TO EMEITONTA
Cost- effective TEXNIKH;

* MEeLWOoN TWV VEVIKWYV ELoaywywVv Kata 35%
Kol Katd 59% otnv evtatikn povaoda

* Melwon Tovu HECOU KOOTOUC VOoonA&Lac Kata
1843S

* Melwon Tovu HEOOU XPOVOU VOoonAelac otn
EVTOTLIKN povada kata 1 pepa

* Melwon Tovu HECOU XPOVOU VOonAELOC OTO
BaAapo kata 2 PEPEC.
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XPHZEIZ TQN PAAIOIZOTONMIKQN EZETAZEQN TA THN EKTIMHZH TQN
NMAPEMBAZEQN 2TH XPONIA 1ZXAIMIKH KAPAIAKH NOz0O

ENAEI=ZH EZEETAXH KATHI'OPIA
1. Extipnon @oppokevTIKiG aymyng
a. Kotuakn Aettovpyia Padrorcotomiki] kotloypagio (npepiog 11 k6rowong) | la
b. Mvoxkopdiakn apdtmon ATEIKOVIO GINATOGTS KOTOGTNG 11p
2.EKTiunon ENOVOOTEVOCEMS HETA OO ATEIKOVIGT 0PATOONS KOTWong 1] oppokoroyikn | I
PTCA (cvopntopatikn) Pad10160TOTIKY) KOIAMOYPOQia KOTOONG Ia
3. EKtipnon woyoipniog 6€ GOUTTONATIKOVS [ ATEIKOVIGT] 0HATOONS KOT®Mong 1] eopprokoroyikn | I
acOeveig pera ano CABG Pad10160TOTIKY) KOWAMOYPOQia KOTOONG Ia
4. Extipnon emigypévov
OCVUTTONATIKOV 060ev@v petd amd
PTCA1 C’?‘BG’ onms 68, aobzveis ps ATEIKOVIGY apaTOONS KOTwong 1] oppoxkoroyikn | I
naforoywkn HKI' avramokpion otny
aoxnon 1] HKI npepiog mov dgv emrpéner
™V avigvevon woyopiog kotd v doknen | Podloicotomikii kothoypagio kénmeng Ia
5. Exktipnon povTivog 0COUATORATIKOV
ac0svav usui a6 PTCAN CABG Oleg 01 £E£TAOEIC 111
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MEXPI 2ZHMEPA:

Eunopika StaBeotpa cvotnuo SPECT/CT npoodEpovtal pe emtloyn €we Kol
64 TopwV ava TtEpLoTPOodn Kol KALVIKEC EPOAPLLOYEC OL OTIOLEC EETIEPVAVE KATA
oAU tnv 610pOwon Tng amoppodnonc, Kol Tov EVIOTILOUO TNC BAARNC.
XapoKTNPLOTIKA avadEpovTal:

1. Calcium Scoring
2. ATTELKOVLON TWV OTEPAVIALWY ayYELWV

3. Ayyeloypadlec
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Table 3. Test characteristics of the three methods used to diagnose obstructive coronary artery
disease inthe 37 patients submitted to invasive angiography; none of the comparisons was statistically
significant. The confidence intervals are shown in parentheses

Overall coronary artery disease Vessel specific analysis
MPI MPI + CTA Fused MPI MPI + CTA Fused

Sensitivity  82%(63-93)  79%(59-92)  89% (72-98) 65%(52-78)  75% (61-85)  76% (63-87)
Specificity  44% (14-79)  56%(21-86)  67% (30-92)  71%(58-83)  77% (64-87)  80% (68-90)
Accuracy  73%(56-86)  T73%(56-86)  B4% (68-94) 68%(59-77)  76% (67-83)  78% (70-86)

CTA, Computed tomography angiography; MA, myocardial perfusion imaging.
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IAZIMEXY
(KATA TO MAAAON H HTTON)
TIAGHZEIY
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PAAIOIZOTONIKEYX TEXNIKEX
META AITEIOITIAAYXTIKH

-Xpovoc orivOnpoypadnpatoc : 2.9 £ 2.7 nuepec petda PTCA
-loyatuiko orivOnpoypadpnua : 14 acBeveic — enavaotevwon 10 (71%)
-ApvnTLKO omtvBnpoypadnua : 27 acBeveic — enavaotevwon 3 (11,5%)

-Avwpaliec tng otedpaviaioc epedpeiac dev eival TOOO EVTOVEC KATA TN
xopnynon &utupldapoAng ;
» (Jain et al J Am Coll Cardiol 1988; 11:970)
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EINAI TO AMEZO 2MINOHPOIPAOHMA
MYOKAPAIOY 2TO EMNEITONTA
Cost- effective TEXNIKH;

* Heller, et al, J.Am.Coll.Cardiology 31:1011-
1017,1998

 Weissman, et al, Radiology 199:353-357, 1996

 Radensky PW, et al, Am J Cardiology 79:595-
599, 1997

e Kontos MC, et al, J Nucl Cardiol 10:284-290,
2003

e Mc Guive, et al, Am Heart J 139: 359-370, 2000
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[MOIOI MAPATONTE2 AY2XEPAINOYN THN
EPMHNEIA TOY HKI HPEMIA2

1. Mn ductoroyiko HKT-pa npeptac.
2...B.B.B

3. AnYn dopuakwv.

4. Bnuotodotnc.

5. Ynieptpodia LV

IIIIII
g

.



[TOIA ATOMA AEN MIOPOYN NA
YINMOBAHOOYN 2E AOKIMA2IA
KOMQ2H2

1. OpBormedika mpoPAnpaTaL.

2. NeupoAoyika tpoPAnpata.
3. Aptnplomadela KAtw aKpwv.
4. Yneptaon.

5. AuoKOALQ TT(POCAPHOYNC OTOV TATINTA.
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Inferior wall attenuation — 60 sec tidal
breathing

0085RBOMOV Alpha Rest Stress Cardiac May 27, 2008

O 0D 'O D

24 25 26 5 Inferior
Anterior

D D D MO NS (D) :

8 / 2 Inferior

Anterior

Harizontal Long Axis Slices
Apex

) W) ) 1 @) :
N0 1)

5

Vertical Long Axis Slices

1 2 & Inferior
Anterior

>
-_

>
D 9SS =F=N=H>]

27 28 29 31 32 33 34 5 Inferior
Stress Dataset Name {top row):  SHORT-STR-ASMC-slow6 4 Rest Dataset Name (bottom row): ~ SHORT-STR-NOAC-64
05/28/08 14:58:41 05/28/08 10:27:20

Images courtesy of Radiological Associates of Sacramento



MEXPI 2ZHMEPA:

Eunopika StaBeotpa cvotnuo SPECT/CT npoodEpovtal pe emtloyn €we Kol
64 TopwV ava TtEpLoTPOodn Kol KALVIKEC EPOAPLLOYEC OL OTIOLEC EETIEPVAVE KATA
oAU tnv 610pOwon Tng amoppodnonc, Kol Tov EVIOTILOUO TNC BAARNC.
XapoKTNPLOTIKA avadEpovTal:

1. Calcium Scoring
2. ATTELKOVLON TWV OTEPAVIALWY ayYELWV

3. Ayyeloypadlec




Acquisition Parameters
CTParameters All CT's at 120 kVp, 0.5 mm Cu filtration
Procedure Aocial FOW Tiimme X-ray mode CT MM w0a

el 0 N il I
Repeion | | % |mee=] B
o i e e B

I on 12 sec. rotations

Extremity | 14 | 24 | 10msecpulse | 145 |
SPECT Farameters

Ht-cm | Wikg U“E'Ei ']' i*iecll
WA | s | wwme
e | vmra | renor | |5 ||

Ftone | e [ mewe | m | w | m | m
| Extremity | 190/92 | 25TcHDP | 128 | 10 | 20 | 128 |
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MYOCARDIAL PERFUSION SCINTIGRAPHY



MYOCARDIAL PERFUSION SCINTIGRAPRHY
AND CORONARY ARTERY DISEASE

*Ischemia detection

*Prognosis determination

*Myocardial viability evaluation

Evaluation of pre- surgical risk in non- cardiac
surgeries

Evaluation of revascularization results in patients
who undergo by pass or PTCA









OnAv, ontioBwo Baolko?
Mavw oslpeC: PN SLopBWUEVEC ELKOVEC stress
Katw oelp&g: avtiotowxes SLopBwpeEveg stress




ATTENUATION CORRECTION

PatiD
Sex
Limits
TID
LHR
SRS 1
SR% 1

Proc ID
View ID
Date
Database
Valume
Wall
Defect
Extent
TPD
Shape

Proc ID
View 1D
Date
Database
Volume
Wall
Defect

Nuclear Medicine and PET/CT Department,

SRS 1 SDS 0
SR% 1 SD% 0

180 Gated Tc 99m CT
SAX-RST

2011-09-02 11:18:02
MaleRestMB

73ml

138ml

12mi

8%

6%

0.58 [Sl], 0.82 [Ecc]

180 Gated Tc 99m CT
SAX-CTAC-RST
2011-09-02 11:18:02
MaleRestMB-AC
76ml

138ml

10mi

%

6%

0.59 [S1], 0.83 [Ecc]

Hygeia Hospital



GATED SPECT Acquisition

*Myocardial diffusion

«Septal systolic thickening

‘EF %

Determination of the volumes of the left ventricle

L eft ventricle walls’ movement evaluation

Viability evaluation

*Increase of sensitivity and specificity in the diagnosis of
CAD

*Decrease of false positive — evaluation of possible artifacts



Figure 3. Example of fusion imaging in a patient with single vessel coronary antery disease. A,
Short axis, vertical and horizontal long axis slices of the Stress/Rest SPECT study. This perfusion
study was read as probably nommal. B, Polar maps of the same SPECT study. C, Multi-planar
reconstructions of the coronary arteries on CT angiogmphy showing a plague in the proximal left
antenor descending coronary artery. This was read as equivocal for coromary artery disease. D,
Three-dimensional endering of the coronary arteries on CT angiography showing the paths of the
coronary arteries and the plaque location in the left anterior descending comonary artery. E, Fused
display: the black area on the fused display identi fies a region of myocardial hypoperfusion during
stress. The white area within the black region indicates an area of reversibility of the perfusion
abnormality. The segments of the commary antenes rendered in green are segments distal to
stenoses seen on CT angiogmphy. This fused scan was read as showing obstructive coronary artery
disease in the left anterior descending coronary artery temitory. Since the invasive angiogram
results showed a S0% proximal left antenor descending coronary artery lesion, only the fused
display was interpreted accunately.



Table 6 Diagnostic Accuracy of PET Myocardial
Perfusion Imaging for CAD

94

93
97

93

98

34

95

93

95

78
100

100

93

88

95

92

195

202
45

49

146

81

25

791

NH3, 82Rb
82Rb

82Rb
NH3

NH3

82Rb

82Rb

NH3

Gould et al

Demer et al

Go et al
Schelbert et al

Yonekura et al
Williams et al
Stewart et al
Tamaki et al

Average



Stress

Rest

SA HLA VLA

13N Ammonia PET images demonstrating anterior and lateral
defects during pharmacological stress and significant improvement
at rest, consistent with ischemia. SA, short axis; HLA, horizontal
long axis; VLA, vertical long axis (courtesy of Dr. H Schelbert,
UCLA School of Medicine, CA).
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ENAEIZEIX PAAIOIZOTOHNIKQN TEXNIKQN

Eldikotepa oL padLOICOTOTILKEC MEOOSOL Elval XPAOLUEG OTLC KATWOL TEPLNTWOEL :
a) 2tn dtayvwon tng urapéng N KN KAWLKA onuavtikng IN, Tnv ektipnon tng
B€onc, Tou Babpov Kal TNE EKTAONC TNC LOXOLULAC 1 TNG LUoKapdLaLKAC OUARC.
B) ZtnVv ekTipnon TNS ALLOSUVAULKIC ONUOVTIKOTNTOC YVWOTWV OO TN
otedavioypadia aAAolwoewv

y) Ztov kaBoplopo tou Kivduvou (risk stratification) kat tng mpoyvwong tou
otedaviaiov aocBevoulc yevikad. Ocov adopd Tov KaBopLopo tou Kwvduvou,
LSlaitepn katnyopia amoteAovyV : i) acBeveic petd amo ofL Epdpaypo Tou
nuokapdiou kat ii) aocBeveic pe yvwotn r umorttn 2N mpLv amno peilova (pn
KapSLOXELPOUPYLKN) XELPOLPYLKN ETEMPOON.

0) Emi epdpaypatoc, otnv EKTinon tne Blwoipotntog tov puokapdiov. H
HnEBodocC eival xprnolun yla tnv dtakplon ouAng — Loxolpiag kat tnv poPAedn
TNC AELTOUPVYLKN G ATIOKATAOTAONC TOU HUOKAPOLOU HETA QIO EMAVAYYELWON.

g) 2tn SLakplon otedavialwyv N pUn attiwv oe acOeveic mov MPOoEpYovTaL oTa
enelyovta e€wtepka latpeia pe cuvOpouo pocOlov Bwpakikou AAyouC.

--------------



MEAETH ME MEOOAO «MYAHZ»
(GATED-SPECT)

Gated avadvon epapuoletal o€ mepLoootepa aro 1o 88% twv SPECT
ortivinpoypapnuatwy oti¢ USA (3% to 1993).

Juvdualstal Kota Kavova Pe tn xopnynon 2°MTc-(sestamibi i tetrofosmin). O
ouvOUAOUOC e 2O1TI mopéxel HETPLO AMOTEAEOHATA AOYW TNC METPLAC OTOTIOTIKNAC
KPOUGEWV.

Edappoletal peta tn xopriynon tou p/¢ os npepia n/kat LETA TNV KOTIwon (ov Kot otn
deltepn neplmtwon to Asttoupylkd dedopéva v avVILTPOOWTTEVOUV TNV KOPSLAKNA
AElToupyla KOTA TNV KOTIWON — AVLXVEUOVTAL TIEPUTTWOELG TIAPATETAUEVNG
SuoAeltoupylac onmwce o stunning puokapdLo).

Ye kABe AP (projection) epapudletal TeXVIKA avtiotolyn LE TN padloiocoTomIKA
Kolkloypadia Loopporiac (MUGA), kataypddovtac TIC KpOUOELS 0€ 8 1] 16 TUApaTA
ToUu Kapdlakou KUKAou (frames) mou avtiotol oV o€ LoapLlOpec pAoELS TNG KAPOLOKAC
Kivnong (amo tehodlaotoAn oe tTeAoouoTtoAn), AapBdavovtac £€toL 8 1 16 SLadpopeTLKEC
ELKOVEC o€ KABe ANYn (pia yia kaBe Tunpa tou Kapdlakol KUKAOU) — ATteLkovion
«TECOAPWV» SLOCTACEWV.

To LVEF umntoAoyiletal pe tn BonBeia tou H/Y kat katdAAnAou Aoyiopikov (Emory
University Toolbox software, Cedars-Sinai Hospital Autoquant software, Mishigan’s
University software, Yale’s University software).
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Comparison of gated SPECT, echocardiography and
cardiac magnetic resonance imaging for the assessment
of left ventricular ejection fraction and volumes.

» KOAéC OUOYETIOEIC PHETOEY TWV TINWV TWV
LVEF, EDV ka1 ESV, 110U TTpOEéKUWAYV ATTO TN
ueAETn ue GSPECT, ECHO kai CMRI.

Demir H, et al. Ann Saudi Med. 2007 Nov-Dec;27(6):415-20.
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e 99mTc-Tetrofosmin gated-SPECT low-dose dobutamine(7,5 pg/kg/min)

METHOD Sensitivity Specificity PPV NPV

DSSPECT | 76% 100% 100% 72%
DSE 78% 94% 96% 70%
Rest SPECT | 8504 52% 74% 69%




EINAI TO AMEZO 2MINOHPOIPAOHMA
MYOKAPAIQOY 2TO EMEITONTA
Cost- effective TEXNIKH;

* MEeLWOoN TWV VEVIKWYV ELoaywywVv Kata 35%
Kol Katd 59% otnv evtatikn povaoda

* Melwon Tovu HECOU KOOTOUC VOoonA&Lac Kata
1843S

* Melwon Tovu HEOOU XPOVOU VOoonAelac otn
EVTOTLIKN povada kata 1 pepa

* Melwon Tovu HECOU XPOVOU VOonAELOC OTO
BaAapo kata 2 PEPEC.
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Table 3. Test characteristics of the three methods used to diagnose obstructive coronary artery
disease inthe 37 patients submitted to invasive angiography; none of the comparisons was statistically
significant. The confidence intervals are shown in parentheses

Overall coronary artery disease Vessel specific analysis
MPI MPI + CTA Fused MPI MPI + CTA Fused

Sensitivity  82%(63-93)  79%(59-92)  89% (72-98) 65%(52-78)  75% (61-85)  76% (63-87)
Specificity  44% (14-79)  56%(21-86)  67% (30-92)  71%(58-83)  77% (64-87)  80% (68-90)
Accuracy  73%(56-86)  T73%(56-86)  B4% (68-94) 68%(59-77)  76% (67-83)  78% (70-86)

CTA, Computed tomography angiography; MA, myocardial perfusion imaging.
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NMAPAMETPOI NOY YNOAOIZONTAI
ME TH GATED ANAAYZH

To oALlKO KAdopo e€wBNoNC TtNC apLoTEPAC KOLALOC (TTOAU KA} CUCYETLON UE TO
LVEF onwc¢ umoAoyiletal pe tn MUGA kat to MRI).

H kopdlakn mapoxn.
Ta reploLka KAdopata eEwbnonc.

(og kamowa
softwares kat avaAvon ¢aonc).

O teA0SLAOTOALKOG KOl TEAOOUGCTOALKOC OYKOC TNG OPLOTEPAC KOWALOLC.
OL xpovol dLaoTtoAlkAC MANpwonc kot e€wdnonc.

2 NUOVTLKN N TEKUNPLWwoN GUCLOAOYLKWY TLLWV YLOL TG TIOLPOLUETPOUC TTOU
urtoAoyilovtal pe to gated-SPECT (oe dtadopouc mAnBuaopoug).

EAOTTWVOVTOC TNV EMUMTWON TN KApSLAKAC Kivnong Ko
Tou “partial volume effect” otnv mowdtnta tnN¢ omvOnpoypadlknc ELkOvac,
LOlwe og aoBeveic pe PIKPEC /KAl «UTLEPOUVOULKESY KapOLEC (BeATLwoN TNC
SLayvwoTIlKNC akpifeLag).



TEXNHMATA 2TO GATED - SPECT

» MEetplag mototntac onvonpoypadipata (m.x. xapnAoc puBuoc KpoUoEWVY,
artifacts) odnyouv oe xapnAng akpifelac gated avaiuvon.

» Katd tn onwvOnpoypadnon ta dedopeva kataypadovtol os kabs AnPn
(projection) pExpL va cuTANPWOEL Evac pokaBopLoUEVOC apLlOUOC
KapSLaKWV KUKAWV 1 XpOVo¢g kataypadnc KpoUoEWV armo arnodektolq
KUKAOUC.

n dSuvatotnTta AmoBRKEVONC TWV KPOUCEWV KoL TWV
amoppldOEVTWY KUKAWV yla TNV avaocuvBeon tn¢ «ungated» ewkovac.

» YMoeKTipunon Tou TEAOCUOTOALKOU OYKOU TNE OPLOTEPAC KOLALOC O LLKPOU
neyEBouc KapSLEC, AOYyw TNC TIEPLOPLOUEVNC SLAKPLTIKAC LKOVOTNTAC TNC V-
camera (“partial volume effect”), ue amotéAeopa tnv
- aduvapuia akplpouc UTTOAOYLOHOU TOU TIAXOUC TOU HUOKOPSLOKOU
TOLYWHOTOC.



TEXNHMATA 2TO GATED - SPECT

» Amnotuylo tou software va kaBoploel pe akpifeta ta evéokapdlokd
Kol ETUKAPSLOL OpLat (TT.X. ) EXEL WG
OUVETIELO TOV avakpLBn uroAoylopo tou LVEF kat Twv KapdLlokwyv
OYKWV.

» Muikpotepn tiun LVEF otav o kapdlakog kUkAo¢ Statpeital o 8 (avtl
16) frames AOyw oXETLKNG avaKkpiBelac otov KaBopLopo TG
TeEA0SLOTOANG KOl TEAOGUOTOANG — LETPLOL OTATLOTIKA KPOUCEWV
Xxpnotpomowwvtag 16 frames.

» e aoBevelc pe Bpadukapbdio (mapateTtapevn SLAPKELD TNG
S1a0TOALKNC Ao Tou KapSLaKOU KUKAOU CUYKPLTIKA UE TN
ouoToAlkn daon) ocuyxva kaBopiletal AavOaopeva n TEAOGUCTOAN
(lblwe o pel€teg pe 8 frames) e CUVETELQL TNV UTTEPEKTIUNON TOU
TEAOCUOTOALKOU OYKOU Kall TNV urtoektipnon tou LVEF.



MEAETH ME MEOOAO «MYAH2»
(GATED-SPECT)

Gated avadvon epapuoletal o€ mepLoootepa aro 1o 88% twv SPECT
ortivinpoypapnuatwy oti¢ USA (3% to 1993).

@)
ouvOUAOUOC e 2O1TI mopéxel HETPLO AMOTEAEOHATA AOYW TNC METPLAC OTOTIOTIKNAC
KPOUGEWV.

Edappoletal peta tn xopriynon tou p/¢ os npepia n/kat LETA TNV KOTIwon (ov Kot otn
deltepn neplmtwon to Asttoupylkd dedopéva v avVILTPOOWTTEVOUV TNV KOPSLAKNA
AElToupyla KOTA TNV KOTIWON — AVLXVEUOVTAL TIEPUTTWOELG TIAPATETAUEVNG
SuoAeltoupyiag omwe o€ ).

Ye kABe AP (projection) epapudletal TeXVIKA avtiotolyn LE TN padloiocoTomIKA
Kolkloypadia toopporiag (MUGA), kataypddovtac TIC KPOUOELS O€ 8 1] 16 TUApOTA
ToUu Kapdlakou KUKAou (frames) mou avtiotol oV o€ LoapLlOpec pAoELS TNG KAPOLOKAC
Kivnong (amo tehodlaotoAn oe tTeAoouoTtoAn), AapBdavovtac £€toL 8 1 16 SLadpopeTLKEC
ElKOVEC o€ KABe AP N (pia yia kaBe TuRpa tou Kapdlakol KUKAOUL) —

To LVEF umoAoyiletal pe tn BonBeia tou H/Y kat katdAAnAou Aoyiopikou (Emory
University Toolbox software, Cedars-Sinai Hospital Autoquant software, Mishigan’s
University software, Yale’s University software).
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TEXNIKA 2TOIXEIA TH2 GATED - SPECT ANAAYZH2

» Avaykaia n kataypadn piog araywyng tou HKIMtog tou e€etalopevou o OAn TN SLApKeLa
NG €€€TAONC, UE EVKPLVA OTIELKOVLION TwV R — R Staotnuatwy wote va eival Pkt n
Slaipeon tou kapdlakol KUKAOU.

» Onwc kat otn MUGA kaBopiletal tpv TV evapén tng omvinpoypddnong To eVPOC
Stdpkelag («mapdBupo» - cuvnOwc 20%) Twv KapdLakwv KUKAWV Ttou Ba BewpnBolv
amodektol ya kataypodr, wote va anodeuxOet n culdoyr SeSoUEVWY ATTO EKTAKTEC
OUOTOAEC.

» [Tapgxetol n SuvatotnTa ANELKOVIONC SLOPOPETIKWY TOUOYPOUDIKWY LEAETWY, piag yia
KAOe €va oo ta TUAOTA ota omoia dtatpgdnke o kapdLakog KUKAOG (cuvnBwc 8) ou
prtopoUv va napoucialovtal otnv 08ovn pe ouvexn eveAayn (cine format), kaBwc kat
NG KAaookn ¢ SPECT peA€tng xwpic va emnpealetal ano ta dedopéva tng gated
Kartoypadpnc.

» Awpwvtac to R — R dtaotnua o 16 frames BeAtiwvetal n akpiBela tTng LEAETNCG,
QUEAVETOL OPWCE CNUAVTLKA 0 XpOVOoG omlvOnpoypadnong kKat enesepyacioc Twy
dedopevwy, KaBwWC Kot n amattovpevn pvAun otov HYY.






SPECT/CCTA mapadetypa 2

Stress image Myocardial perfusion SPECT Rest image

Stress SPECT/CCTA fused image

SPECT: ioxaiyia oto TTAQYIO, KATWTEPO TTAAYIO TOIXWHA
CCTA:75% otévwon otn peodtnta RCA, 50% eyyug LCX, >75% peooTtnta
LCX

SPECT/CCTA: n mreploxn 1oxaipiag gival otnv emkpareia LCX
Cardiac SPECT/CT Imaging: CT Attenuation Correction and

SPECT/CT



SPECT/CCTA mapadeypa 3
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Stress image Myocardial perfusion SPECT Rest image

Stress SPECT/CCTA fused image

SPECT: yepPIKWG avaoTpEWIUN IoXaIdia oTo TTPOCBI0, TTPOCBIo KopuPaio
TOoiIXWua

CCTA: >90% aoTov trpwTto diaywvio (Iotopikd PCl otov LAD kai RCA)
SPECT/CCTA: n 1reploxn 1I0XAIMIag gival oTnNV ETMIKPATEIA TOU TTPWTOU dlaywViou

Cardiac SPECT/CT Imaging: CT Attenuation Correction and SPECT/CT
Hybrid Imaging



SPECT/CCTA mapadeypa 4
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Stress image Myocardial perfusion SPECT Rest image

Stress SPECT/CCTA fused image

SPECT: JEPIKWG avaoTPEWIUN IoXAIMia OTO TTPOCHOI0 KOPUPAIOo TOIXWHA KAl MOVIMN
BAGBN o010 BAOIKO KATWTEPO TTAAYIO TOIXWHA

CCTA:100% LAD, > 75% LCX,>75% RCA,90% T1TpwTOC dIayWVIOC

SPECT/CCTA: n mreploxn I0XAIMIAG €ival OTNV ETTIKPATEIO TOU TTPWTOU JIAYWViou Kal n
MOvIuN BAGRBN oTnv emkpaTeia RCA

Cardiac SPECT/CT Imaging: CT Attenuation Correction and SPECT/CT
Hybrid Imaging



YBpLOKN QTELKOVION MUOKAPOLOU

v' Gaemperli O et al: Cardiac image fusion from stand-alone SPECT and CT:
clinical experience

v' SantanaCA et al.: Diagnostic performance of fusion of myocardial perfusion
imaging and computed tomography coronary angiography

v Slomka PJ et al: Quantitative analysis of myocardial perfusion SPECT
anatomically guided by coregistered 64-slice CT angiography

AvebeLéav TNV MPooBeTikn aia TN UBPLOLKNG ATIELKOVLONG TNG
KapdLaC
— Avuéavel tnv oploTikn Stayvwon otedoviaiog VOOOU CUYKPLTIKA LE TNV
side-by-side eppnveia
— |8laitepa xpriowun nEBodoc oe aoBevelg Le VOOO TPLWV QYYVELWY, LE ATILEC
OTEVWOELC N UE AAAOLWOELG KAAS WV TwV oTEPaVIaLWY ayyELWY

— AvadelkvUEL TIC ALLOOUVOULKA ONUOVTIKEG OTEVWOELC TWV OTEPAVLIOLWY
ayyeilwv



Coronary artery calcium score (CACS)

loxupog Selktng oTteEPAvVLIOLOG VOOOU

YXETWETOL AECA LE TNV EKTOON TOU POpPTiOU TNG oTEDOVLIALOG
OPTNPLOCKANPWTLKAG TTAAKOLG

XpNOLUOC KALVIKOG Seiktng yia TNV mpoBAsdn kapdlayyetakol Kivduvou o€
aoBeveic pe otedaviaia vooo

Coronary artery calcium (CAC)

Can be performed rapidly during a single breathhold, is relatively
inexpensive, and does not require any intravenous contrast

Strong relationship between severity of CAC and risk of future cardiovascular events— patients with
severe CAC (e.g. 9300) have a nearly 6-10-fold increased risk of adverse coronary events.

Absence of CAC is associated with excellent long-term prognosis in both asymptomatic (event rate
0.6% over mean follow-up of 4 years) and selected symptomatic (event rate 1.8% over mean
follow-up of 3.5 years) patients.

CAC in symptomatic patients is controversial, as some patients with no CAC may have obstructive
disease from noncalcified plague.

A strategy of primarily CAC (followed by CTA only if CAC was between 1 and 400; or invasive
angiography if CAC3400) resulted in a sensitivity of 88% and a negative predictive value of 8% for
excluding obstructive CAD

CAC cannot be used to determine whether obstructive CAD is present or absent



The future of cardiovascular imaging
and non-invasive diagnosis™

A joint statement from the European Association
of Echocardiography, the Working Groups on
Cardiovascular Magnetic Resonance, Computers
in Cardiology, and Nuclear Cardiology of the
European Society of Cardiology, the European
Association of Nuclear Medicine and the
Association for European Paediatric Cardiology

A.G. Fraser ®*, P.T. Buser ?, J.J. Bax 9, W.R. Dassen ,
P. Nihoyannopoulos 2, J. Schwitter ®, J.M. Knuuti 9,
M. Hoher €, F. Bengel ¢, A. Szatmari '
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F-18 flurpiridaz

Advantages:

e relatively long physical half-life of 110 min.
— Flurpiriddaz exhibits high resolution and extraction
characteristics similar to N-13 ammonia

e Less non-linear net-tracer uptake in particular in the

higher coronary flow range (“roll-off phenomenon”) than
N-13 ammonia and 82 Rubium.

— Mvocardial blood flow quantification.

e Cyclotron independent!
Disadvantages:

e relatively long physical half-life of * 110 min.

2-days protocol or 1 day protocol with 3x higher dose

in () ( SOy U S 10 Eds U =

—> Radiotracer correction for myocardial blood flow
guantification of second exam is necessary.



F-18 Fluorodeoxyglucose

Glycogen Synthesis
Transport :':

FDG ’ FDG+P ———— P FDG-6P
Glycolysis

Fig 1. FDG closely resembles glucose (top); the initial trans-
sarcolemmal uptake of FDG is identical to that of glucose, but
after phosphorylation, FDG-6-phosphate is not metabolized
further and remains trapped in the myocyte (bottom). (Re-
printed with permission.%2)




Table 4. Summary of published literature on diagnostic accuracy of PET

Author Year Number Tracer Sensitivity (%) Specificity

Schelbert et al” 1982 45 B3NH3 97 100
Tamaki et al® 1985 25 3NH3 95 100
Yonekura et al® 1987 50 3NH3 97 100
Tamaki et al'® 1988 51 13NH3 98 100
Gould et al'' 1986 50 32pb/'3NH3 - -
Demer et al'? 1989 193 83 95
Go et al'? 1990 202 93 78
Stewart et al'® 1991 81 83 86
Marwick et al'® 1992 74 90 100
Grover-McKay et al'® 1992 31 100 73
Laubenbacher et al'’ 1993 34 88 83
Wallhaus et al'® 2001 45 84 100
Bateman et al'® 2006 112 86 100
Walsh et al*® 1988 33 92 -
Williams et al®' 1994 287 87 88
Simone et al*? 1992 225 83 91
Sampson et al*? 2007 102 93

Husmann et al?4 2007 70 06

Total weighted mean 1660 90

Adapted from Ziadi MC. et al. Diagnosis and prognosis in cardiac disease using cardiac PET perfusion imaging. In: Zaret BL, Beller
GA, editors. Clinical nuclear cardiology: State of the art and future directions, 4th edn (in press) (with permission).

Beanlands and Youssel Joumal of Nuclear Cardiology
Diagnosis and prognosis of coronary artery disease July/August 2010
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Baseline LVEF
51%

Peak dobutamine LVEF
68%

FIGURE 7. Integrated PET/CTA study.
CTA images demonstrate noncalcified
plaque (arrow) in proximal LAD with
50%-70% stenosis. However, rest and
peak dobutamine stress myocardial per-
fusion PET study (bottom left panel)
demonstrates only minimal inferoapical
ischemia. In addition, LVEF was normal
at rest and demonstrated a normal rise
during peak dobutamine stress. LAD =
left anterior descending coronary arery;
LCX = left circumflex coronary artery; LM
= left main coronary artery; RCA = right
coronary artery; Ant = anterior; Inf =
inferior. (Reprinted with permission of
(28).)



Table 3. FDG-PET Studies to Predict Improvement in LVEF after Revascularization

No. of FDG Viable FDG Viable FDG Nonviable FDG Nonviable
Study Patients LVEF (%) Pre LVEF (%) Post LVEF (%) Pre LVEF (%) Post

Tillisch3¢ 17 30+ 11 45 + 14 30 + 11 31 12
Carrel® 23 34 + 14 52 = 11 -
Lucignani4 14 38 x5 48 + 4 -
Marwick3’ 23 ITEM 40+ 9

Maes* 20 51 = 11 60 *+ 10

Dreyfuss4® 46 23+ 6 39 +13

Depre® 24 43 + 18 51*+14

Maes5! 30 51+ 11 61+ 6

Gerber3® 39 36 + 11 48 + 11

Haas®? 34 26 +4 35+ 12

Vom Dahls? 52 47 +10 54 + 10

NOTE. A total of 322 patients from 11 studies are included.
Pre, prerevascularization; Post, postrevascularization.




FDG
KAINIKH 2HMAZIA

Yuvduaopoc AIMATQIHZ/BIQZIMOTHTAZ
Aettovpyila Aplotepnc KotAiog

» 25 Medeteg, N=722, Mismatch , CABG/ Angioplasty
A.
> E.F > 35% BeAtiwon 18%
> E.F <35% BeAtiwon 32%



ASSESSMENT OF MYOCARDIAL VIABILITY

LVEF < 35% LVEF > 35%
MM No MM MM No MM

p < 0.001 p<0.01 p<0.01 NS
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Fig 4. Postrevascularization in the left ventricular ejection fraction from
before to after surgical revascularization. The figure summarizes the find-
ings in a total of 772 patients reported in 25 clinical investigations. The
patients were grouped into those with a left ventricular ejectio:: fraction
of less than 35% (left) and to those with a left ventricular ejection fraction
of greater than 35% (right). For each group, the changes are indicated for
patients with blood flow—-metabolism mismatches and for patients with
only blood flow—metabolism matches. Note the 32% increase in left ven-
tricular ejection fractions in the patients with low presurgical ejection frac-
tions (panels on the left) and the 18% increase in left ventricular ejection
fractions for patients with relatively well-preserved left venricular func-
tion. Patients without blood flow—metabolism mismatches (No MM) failed
to show significant or negligible increases in left ventricular ejections
fractions. PRE, before coronary artery bypass grafting; POST, after coro-
nary artery bypass grafting; MM, mismatch; NoMM, no mismatches; LVEF,
left ventricular ejection fraction.

Seminars in NUCLEAR MEDICINE January 2002



FDG
KAINIKH 2HMAZIA

Yuvduaopoc AIMATQIHZ/BIQZIMOTHTAZ
Aewtovpyia Aptotepnc KotAtlag

» 25 Medeteg, N=722, Mismatch, CABG/ Angioplasty
B.
«H BeAtiwon ovoyetiletal TANPpwG LE
TNV EKTAON TOV BLOCLIHOV puokapdiov»



8 10 12 14 16
Number of PET-Viable Segments

Fig 5. Correlation between the extent of a blood flow-metabolism
mismatch by PET and the change in the left ventricular ejection after
revascularization. Note the significant correlation between the extent of
the blood flow-metabolism mismatch and the postrevascularlization
increase in the left ventricular ejection fraction. R=.65, P=.001. Cour-
tesy of Schoder et al, UCLA School of Medicine.




FDG
KAINIKH 2HMAZIA

Yuvduaopoc AIMATQZHZ/BIQZIMOTHTAZ
Aettoupyia Aptotepnc KotAlac
» 25 MeAéteg, N=722, Mismatch , CABG/ Angioplasty
I.
Metd AyYELOTAQOTLIKY)

Ye 3-4 NUEPEC: BeAtiwon awudtwong (LEylotn)

Ye 8 eBdouddec:  BeAtiwomn cLOTAATIKOTNTOC




FDG
KAINIKH 2HMAZIA

Yuvbuaopoc AIMATQIHS / BIQZIMOTHTAZ
upntwpota Kopdlaknc AVEMTAPKELOLS

» D1 Carli, Am.]J . Cardiol, 1994. N=93
FDG Uptake

Matched NYHA Il /IV  BeAtiwon o l/ 1l 20%
Mismatched NYHA Il / IV BeAtiwon os I/ Il 60%



% of pts with improvement

ao TP UCEDLr GIU 0 VR PRI T TP BCTUI TR 8 S R " e b P - ——
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n=21 n=11 n=13 n=21

Viab/Rev Viab/Med Scar/Rev Scar/Med

Percentage of patients exhibiting improvement in
heart failure symptoms according to presence/absence of
viable tissue on FDG-PET and treatment (revascularization/
medical). Med, medical treatment; Rev, revascularization;
Viab, viable tissue on FDG-PET. (Data from DiCarli et al.54)




FDG
KAINIKH 2HMAZIA

Yuvduvaopoc AIMATQ2HZ / BIQZIMOTHTAZ
Mpoyvwon

» Di Carli, Am. ] . Cardiol, 1994. N=93
FDG Uptake

Entavayyeiwon j> Ovnrtotnta 12% oe 13.6 pAVeC

DapHOKEVTIKNA ‘ Ovntotnta 50% o€ 13.6 PAVEC



1 Medical B Revascularization

e
=]

k3
[=]

=1

®

-

(=3
=
n

S
8
£
£
=]
=

HRA=0.34, 85% Cl = (0.16, 0.72). p=0.005

"

Cardiac Event Free Survival Probability

50 100 150 200 250 300 350 400
Viable Nonviable Days

Figure T.1Anm13]izacl “f“ﬂﬂli_t)’ rates in paﬁmrts with ":'i“!]le Figure 8. Adjusted event-free survival curves for PET and
and nonviable myocardium (assessed by positron emission standard care arms in Ottawa FIVE substudy of the PARR2
tomography and Fl8-fluorodeoxyglucose) in relation to treat- RCT. PET arm is dark blue, standard arm is in magenta.

ment (revascularization or medical therapy). Adapted from HR = .34 95% CI (.16-.72), P = .005. Adapted from Abraham
Schinkel et al*® (with permission). et al*® (with permission).




percentage

Preop mort Improved LVEF Postop events

Bar graph showing the effect of delayed revasculariza-
tion versus timely revascularization in patients with viability
on FDG-PET. Patients with delayed revascularization had a
higher preoperative mortality rate, a higher postoperative
event rate (although not significant), and a lower percentage
of patients exhibiting improvement of LVEF postrevasculariza-
tion. Mort, mortality; Preop, preoperative; Postop, postopera-
tive; black bars, delayed revascularization; white bars, timely
revascularization. (Data from Beanlands et al.%")




D

5-17%
% of LV with PET mismatch

Relation between improvement of exercise capacity
(expressed in METS) after revascularization and extent of
viable tissue (mismatch) on FDG-PET. Black bars, METS before
revascularization; white bars, METS after revascularization.
(Data from DiCarli et al.5?)




Nr of pts

40 | 38
30

20 16

10 7
]
1 \
HTX Rev Med

M pre PET || Redirected by PET

Fig 9. Bar graph showing the influence of FDG-PET on
patient management. The black bars indicate the planned
strategy before implementation of the FDG-PET results; the
white bars indicate the number of patients who were redi-
rected to another strategy when the PET results were in-
cluded. HTX, heart transplantation; Med, medical treatment;
Rev, revascularization. (Data from Beanlands et al.53)

Seminars in NUCLEAR MEDICINE October 2000






Emionuaopeva Asuka pe In-111 p Tc99m

* Emwonuavon pe padloicotomna GAEYUOVWOwWV
KuTTapwV (AeukokuTTOPA) TTOU KOONAWVOULV
ota onuela Aolpwénc

* Aladlkaoila eronpovong Asukokuttapwy (2-3
WPEC):

— AnPn 40ml atlpatog amo tov a.cBevn

— ALY WPLOMOC TV AEUKWV atpoodatpiwy
— 2AMOVOoN TwV AEUKWV pE padlodappaKo
— Emavaxopriynon otov acBevn



EmonUoouEVO. LOVOKAWVLKOL
QVTLOW LOLTOL

* Tc-99m Sulesomab (Leukoscan): povokAwvLKO
avtliowpa mov cuvOEETAL PE TO avTyovo 90
TWV AEUKOKUTTAPWV

 Harwood
— 122 aoBevelg
— Ewovec: 1 kal 2 wpeC LETA TN XOPNyNon

91% 56% 80%



Emionpaopevo LOVOKAWVLKQL

QVTLOW LOTOL
Sulesomab + 3dpaocewv 67% 85% 74%
3ddoswv + Ga-67 44% 77% 58%

Sulesomab
2 WPEC UETA
TN Xopnynon




SCINTIMUN® (approved SmPC) ¢\

" Indications

— SCINTIMUN® is indicated for scintigraphic imaging:

* in conjunction with other appropriate imaging modalities, for determining
the location of inflammation/infection in peripheral bone in adults with
suspected osteomyelitis

« SCINTIMUN® should not be used for the diagnosis of diabetic foot infection

— Acquisition of images starts 3 to 6 h after administration and may be
followed by late images 24 hours after initial injection

— Acquisition: planar imaging or SPECT (SPECT/CT)

" Contraindications
— Hypersensitivity to the active substance, to other murine antibodies, or to any
of the excipients
— Positive screening test for human anti-mouse antibody (HAMA)

— Pregnancy

Page 20



Ga-67/

[Mpoiov KukAoTtpoviou
Evepyela: 93,184, 296, 388 KeV

90% ocuvdEeTal LE TNV TpavodaLlpivn Ko
OUYKEVTIPWVETOL OE OnUeLa pAEYyUOVNC

Amtelkovion: 24, 48 kol 72 wpec

Ga-67 + omuvOnpoypadnua ootwv 3 pACEWV:
65-80% akpifeLa

2e OLaPntikouc aoBeveic exeL xapunAn
SloyvwoTikn akpiBela



Ga-67/

OM peoaiou daktulou Se€lou akpou modog +
Charcot




SPECT/CT

* YBpLdLKkO cuoTnua AmELKOVIONG TTou ocuviualel
TNV orivOnpoypadLkn TopoypadLKn AmeLlKoOvVIon
360° e AKTWVOOKOTILKN TEXVLKN XaUNANG 600oNn¢
(flat panel)

* Filippi L. (J.Nucl.Medicine 2007)
— KaAUTEPN QVATOWLKI) EVTOTILON
— KaAUTtepn amelkovion tng EKTaonNg TG VOoOoU

— MeyaAUtepn akpifela oto SLaxwPLOUO OOTLKNC
Aolpwénc amo Aolpwén paAakwyv poplwv



FDG-PET/CT

OM 2°Y daktuAou de€lov akpou ModOC

Ant 30 min

.. -3 )
A% -~
A ~ YT-
L =

Post 30 min Post3 h Post 20 h

Tc-99m WBC
Familiari, J.Nucl..Med. 2011



WBC / Tc-99m koAAoeldeC

MNpoocAnyn WBC oto mpocOio Tunpa Tov aKpou
nodoc = OM

MpooAnyn WBC oto peco Kat onicOLo tunpa tou
akpou odoc = pAeypovn, katayua, Charcot, OM

ApBpomnabela Charcot = ZrivOnpoypadpnua pe
eTIONUOCHEVA AsUKA €lval BeTiko (AOyw Ttapouaiog
QLLLLOTTIOLNTLKA EVEPYOU HUEAOU TWV 0CTWYV N AOyw
urtapénc OM). H dtadpopodilayvwon yivetal pe
omivOnpoypadnuo LUEAOU TwV 00TWV ME Tc-99m
KOANOELOEC

Gold standard yia OM emti edadouc apBpomnabelog
Charcot: npocAnyn WBC + amoucio npocAnydnc
Tc-99m koAAoELOEC



WBC/ Tc-99m koAAosldEC

OM apLotepov TapooU

A
P 't‘ Ry
o, g
Y
Tc-99m HMPAO WBC Tc-99m SC

EAAnvika StaBntoldoyika xpovika, 2003, . Apoog



SPECT/CT

OM mtépvacg de€lov akpou modO¢

In WBC




FDG-PET/CT

AVTLKPOUOMEVA ATTOTEAECATAL

AVOLLOLOYEVELO TWV TIEPLOTATLKWYV

— XA tomog | i 1I;

— 2A umo wooulivn 1y dokio;

— TUmoc tvoouAivng

— MNoon wpa PeETA TN OPUAKEUTIKA aywyn €ywve n FDG-
PET/C;

H mepldepikn ayyelonabela emnpealetl tnv evatcOnoia tng

nebodou;

H AnYPn avtiBlotikwy emnpealsl tnv evatcOnoia tng
nebodovu;



Advantages

Cost effectiveness: no additional
imaging needed if positive.
Identify other causes of symptoms
(fracture).

Assess comorbidities such as frac-
tures and arthritis.

Modality
Standard
radiograph

Excellent visualization of the cortex.
Multiplanar and thin slice recon-
struction enhance ability to evaluate
infection and identify sequestra.

Computed
tomography

Disadvantages

Low sensitivity. Findings
take up to 2—3 weeks to
appear, delaying diagno-

Low specificity to identi-
fy infection in violated
bone.

Less resolution than
plain radiography.
Beam hardening arti-
fact.

Excellent delineation of soft tissue
versus bone infections.

MRI

Bone marrow edema is
nonspecific — can be

Evaluation of bone marrow edema.
Excellent for suspected vertebral os-
teomyelitis.

Very useful in neonatal pelvic oste-
omyelitis to identify associated soft
tissue abscesses.

2o <
fractures, and metabolic
bone disease.

Specificity is lower with
small bones and in com-
plicated cases of infec-
tion.

Typical findings and overall accaracy
Cortical destruction (very sensitive finding).
Soft tissue swelling with obliteration of fat
planes.

Endosteal scalloping; cortical tunneling.
111 defined radio gucent lesions.

Osteopenia.

Sensitivity: 28% — 94% (average of 56%).
Specificity: 396 —92% (average of 75%).

[Increased attenuation of bone marrow.
Periosteal reaction and new bone forma-
tion. Sequestrum.

Intraosseous and/or soft tissue gas.

Cortical destruction.

Increased T2 signal (particularly on STIR);

Decreased T1 signal and post-gadolinium
FEnTaTNCenIent

Sensitivity: 60% — 100% (average: 90%

SEdﬁcigz: 509 —95% (average: 86%!

Multiphase

bone scan

Earlier detection than plain film
(24 —48 h after infection).

Very high sensitivity for infections
even in the presence of other co-
morbidities.

Whole body imaging allows for de-
tection of infection at other unsus-
pected sites.

High specificity for infection. Im-
proves ,Bone scan specilicity in the

setting of violated bone.

WBC scan
Alone or with
bone scan

days, and so may be used to monitor
ral

Gallium-67
scintigraphy
Alone or wi
bone scan

Early detection of infection.

Scans return to normal in 6 weeks
with successful therapy, allowing use
for monitoring treatment.

Useful for chronic active and verte-
bral osteomyelitis.

Bone marrow
scan as an ad-
dition to WBC
scan alone or
along with
bone scan.

Improves specificity for infection
versus inflammation in complicated
cases, such as postarthroplastic in-
fections.

Ultrasound Excellent for rapid and accurate de-
tection of joint effusions.

Identify soft tissue and subperiosteal
abscesses.

No radiation.

PET Useful in chronic active osteomyelitis
and periprosthetic infections as a
snngl': modality. Can be useful in
early assessment of the response to

therapy.

=IO EIonS, dnneuir T

l;x ecificity decreases
en other pathologies
are present.

Scans will stay positive
for a long time after in-
fection heals; therefore is|
not ideal for monitoring
response to treatment.

differentiate bone versus
soft tissue infections.
A tedious procedure.

Positive findings can be
nonspecific, and may be
positive in other settings
such as tumor and in-
flammation.

Adds time and cost to the
diagnostic imaging.

Poor modality to visual-
ize bone.

Availability. Expense.

Focal increased uptake on blood flow, blood
pool, and delayedplmages.

Sensitivity: 90% —95%.

Specificity: nonviolated bone: 929; violated

bone 0% — 76% (average of 30%).

Focal increased uptake.

Dual imaging wxlr show concordant uptake
with bone scan in positive studies.
Average sensitivity: 88%.

Average specificity: 88% (91% —94% when
combined with bone scan).

Combined scanning is considered positive
when they are spatially incongruent or spa-
tially congruent with greater gallium intensi-
ty than bone scan.

Average sensitivity: 89%.

Average specificity: 70%.

Infection is confirmed when no bone mar-
row activity present corresponding to the
positive area on labeled WBC scan. If activity
is present, it indicates physiologic bone mar-
row as a cause of WBC uptake.

Fluid collection adjacent to the cortex of
infected bone with communication to the
medullary cavity. Occasionally, superficial
local defects and periosteal reactions in
advanced cases of osteomyelitis.

Absence of joint effusion will rule out

septic arthritis.

Focally increased uptake with moderate to
high SUV. Sensitivity: 95% — 1009 (chronic
osteomyelitis); 90% (preprosthetic infection).
Specificity: 86% — 1009 (chronic osteomyeli-
tis); 89% hip periprosthetic infection; 72%
knee periprosthetic infection
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SPECT

» A Single Photon Emission Computed Tomography
(SPECT) scan is a type of nuclear imaging test that
shows how blood flows to tissues and organs.

» The test differs from a PET scan in that the tracer
stays in your blood stream rather than being
absorbed by surrounding tissues, thereby limiting
the images to areas where blood flows. SPECT scans
are cheaper and more readily available than higher
resolution PET scans.



radiopharmaceuticals

» REGIONAL CEREBRAL BLOOD FLOW IMAGING
* Inert gases are effective markers---LIKE

o breathing of carbon monoxide (C-11 and O-15), which concentrates
in RBCs

o Xe-133 inhalation / injection into ICA / IV injection after dissolution
in saline
o BUT

o Te-99m HMPAO brain SPECT(high extraction efficiency by brain
tissue)



r CBF imaging( HMPAO technique)

* requires no patient preparation.
» typical activity of 500 MBq is injected intravenously.
» patient in a quiet stable environment.

» Images obtained from 20 min to several hours after
injection because the tracer distribution in the brain
is stable during this time.

» Volumetric data are displayed in standardised
axial.coronal and sagittal planes, and colour displays
are used .



r CBF imaging(interpretation)

- | — A

Normal tracer uptake Abnormal tracer uptake

» Symmetric distribution = ¢ Absent
- infarction, trauma,

surgical resection

» Higher radioactivity: o Reduced
gray matter, basal  ischemia, dementia,
ganglion, occipital .~ depression,
cortex, cerebellum  seizure(interictal)
~ » Increased
« Lower radioactivity: lgﬁge%fcﬂ?ﬁlon’

white matter, ventricles



Table 7.2 -- RADIOPHARMACEUTICALS COMMONLY USED FOR A RANGE CLINICAL PROBLEMS

Clinical problem
Head

Cercbrovascular accident

Hydrocephalus
CSF rhinorthoea

Encephalitis

Dementia

Epilepsy (presurgical locakzation)

Radiopharmaceuti
Imaging technique cal Biological behaviour

Cerebral perfusion ""*Tc HMPAO Uptake proportional to

SPECT blood flow

Cercebrospinal fluid '"In DTPA Marker of CSF flow.

(CSF) study (intrathecal)

Blood-brain barrier “"“Tc HMPAO Passage across

(BBB) study disrupted BBB

Cerebral perfusion "“Tc HMPAO Uptake proportional to

SPECT blood flow

Cerebral "F Marker of glucose

metabolism PET  fluorodeoxyglucose metabolism

Ictal SPECT “Te HMPAO Uptake proportional to
blood flow

Interictal PET A o Marker of glucose

fluorodeoxyglucose metabolism



Massive infarction of the right middle cerebral artery territory. Note severe
ischaemia of the Frontal, temporal and parietal cortex and also of the basal ganglia
on right.-—-- 9gom Tc—HMPAO brain SPECT



99 Tc-exametazime brain SPECT: axial, coronal and right

parasagittal images showing very extensive perfusion deficits during the
acute ischaemic phase (top row) and substantial improvement several
months later after clinical recovery (bottom row).



Patient 6: 58-year-old man with left-sided MCA occlusion. A, Pretreatment 99mTc-HMPAO
SPECT scan shows a perfusion defect in the left MCA territory.B, Posttreatment 99mTc-
HMPAO (left) and 99mTc-ECD (right) SPECT scans obtained 2.5 hours after recanalization by
LIT.C, MR image 2 weeks after the onset of stroke. Infarction did not develop in ROI 2, which
showed hyperactivity (A/C ratio of 1.14) on 99mTc-HMPAO SPECT scan and isoactivity (A/C
ratio of 0.97) on 99mTc-ECD SPECT scan. In ROI 1, however, which showed hypoactivity (A/C
ratio of 0.85) on 99mTc-ECD SPECT scan, infarction did develop despite isoactivity (A/C ratio
of 1.06) on 99mTc-HMPAO SPECT scan.



2. To show the exu:nt and distribution of abnormality, which will
help to identify the likely site of arterial occlusion  _

3. To demonstrate areas at risk of further damage and those
areas with possibility of recovery

4. To monitor thrombolytic therapy.




Fic 2. Case 2: 69-year-old man with ammal fibrillation and sudden onset of left-sided
hemiparesis,

A, #Te-HMPAD SPECT image 7.5 hours afler the onsel of siroke shows hy poaclivily
in the right parietal lobe

£, Both #=™"Tc- HMPAQ (ieff) and **Tc-ECD (nghf) SFECT images obtained 12 hours
after the iniial study depict hyperactivity in the right parietal lobe.

C, Follow-up CT scan does not show any abnomality.



Fic 2. Case 2: 69-year-old man with ammal fibrillation and sudden onset of left-sided
hemiparesis,

A, #Te-HMPAD SPECT image 7.5 hours afler the onsel of siroke shows hy poaclivily
in the right parietal lobe

£, Both #=™"Tc- HMPAQ (ieff) and **Tc-ECD (nghf) SFECT images obtained 12 hours
after the iniial study depict hyperactivity in the right parietal lobe.

C, Follow-up CT scan does not show any abnomality.



Fic 4. Patient 8: 61-year-old man with right-sided MCA occlusion.

A, Posttreatment **=Tc-HMPAO (/leff) and *Tc-ECD (right) SPECT scans obtained 2 hours after recanalization by LIT

B, CT scan 30 hours after the onset of stroke. Hemorrhagic transformation with ischemic brain edema developed in ROI 3. which
showed hyperactivity (A/C ratio of 1.36) on “*Tc-HMPAO SPECT scan and hypoactivity (A/C ratio of 0.85) on “Tc-ECD SPECT scan.



(DuoloAoyko omivlnpoypadpnpua
QLLLLOTWONC- OLEPLOUOU

Perfusion Lunag 16/2/2001

TENIKO NOZOKOMEIO NOXHMATON TENIKO NOZOKOMEIO NOXHMATON
OOPAKOS AOHNON "HIOTHPIA OOPAKOI AOHNON “H IOTHI
TMHMA [TYPHNIKHE IATI PIKHE TRHMA ITYPHNIKHL IATPIKHE

DTPA Aerosol Ventilation 16/2/2001
IPIA
€ a . e
VHEZOTHPIA® i ’ ‘ > YHIOTHPIA® ‘ ‘ ‘ * i \
AMESOTHON 152, 11527 " AMESOTHON 152, 11527 oy 4 3 .
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Eppunvela tTwv amelkovioewy

e Kpttipto PIOPED

e Kputpta HULL

e Kputpla PISA — PED EvawoOnoia 92%
Eldkotnta 87%
AkpiBela 90%






KAwvikoc AAyoplOpoc dtepguvnong
[1E

AoBeveic pe xounAn kAwikn mbavotnta

D-Dimmers (-) ==>mubavotnta MNE pndapwn (bev amatteital
TEPOALLTEPW EAEYXOC

D-Dimmers (+) ==> mepattepw eAeyxoc yia l1E

AoBeveic e kKAwvikn ibavotnta # tn¢ xounAng yua ME

ﬂ

NapaAeinovtal ta D-Dimmers
@\ npoxwpou e oe MDCT 3 V/P scan



KAwvika 2toBepol AcBevelc

KAIvik) TB8avornta MNE

XapnAn

D-Dimmers
ApvnTiKO OeTIKO
Oxi MNE
Mepaitépw
—+ XapnAf EANEYXOC
\\@/\ V/P Scan MDCT




Alpoduvauika AotaBeic AoBevelc

20Bapn Ymotaon n
Shock

A10BwpakIKS YT1TepnXoypagnua

Strain Ae€ia¢ Kolhiag

AAN\a Eupruara

Vé Vé

2TIvenpoypaenua Aluatwaong

EvoeikTikO MNE

Mn EvoeikTiko MNE

MDCT

""""""""

‘:« ATo@patn MNMVEUPOVIKWV ayYEiwv AMa Euprjparta




Avtevoeiéeic CTA

» ATOAUTEC:
v  AN\epyla ota oKLoypadLra
v NedpLKr) QVETIAPKELDL

» IXETIKEC
v YrniépBapot acOeveic
v KAewotodoPia

v Aktwvikn erBapuvon: ( V/P scan 0.28-0.9 mSv yi&
TouC paotouc, CTA 50 — 80 mSy, 6nAadn 70 ewcg 100

dopeg peyaAutepn)



AlayvwoTtikn akpifeta (Accuracy)
V/P scan vs MDCTA

» MDCTA amoteAel iowc TNV €€€TAON EKAOYNC

» Qotooo n Baon 6edopevwy yla th Xpnon tne
MDCTA otn dtayvwaon tng MNE v paivetal var eival
TO00 LoXupn 000 Bewpetto.

» Newtepa otoyeia amokaAumntouy otL to V/P spect
vrteptepel tng MDCTA

» 2UVKPLTLKEC LEAETEC AKOMN KAl TIPOCHATEC TTOU
delyvouv umtepoxn thc MDCTA, Baoilovtol o€
QTTOPYOLOEVEC OTILVONPOYPAPDLKEC TEXVLKEC KoLl
SLayVWOTLKA KpLtnpla



AoolpetplaV/P spect

» Me to mpotaBev mpwtokoAlo yia V/P spect n
effective 60on unoAoyiletatL og 1,2 - 2 mSv

»H doon yua to paoto vunoloyiletal og 0,28 — 0,9
mSv

» H amoppodoupevn doon yia to EuBpuo oto
NMPWTO Tpipnvo tnc kunoewc 0,1- 0,2 MGy eav
NEPLOPLOOVE OTO ULoO Tiepimou (50 MBq) tn
doon yla to orvenpoypadnuo oLpLATWOoNC



Aoowuetpia MDCTA

» MDCTA 4-16 detectors effective dose 5,4 mSv
» MDCTA 64 detectors effective dose 19,9+1,38mSv
» Maotocg 50-80 mSv
» Amnoppodoupevn boon euBpuou
(a’3puAvou) 0.24-0,66 mGy

J MNooooto texvika mtwywv MDCTA géetdoswv otn
SdLapkeLla TNC Kunong 27,5% (aveMapPKEC TO KOVTIPAOT
OTLC TIVEUMOVLKEC apTNPLEC, AOYW aAVENCEWC TOU OYKOU
NMOAOU KOl TOU OYKOU TTAQOOTOC)



AooLueTpla
/P spect vs MDCTA

» BaoeL avadopwv tnc ICRP :
v'Abon V/P spect = 10%-40% tn¢ tou MDCTA
v'Aoon V/P spect paotou = 1,5%-4% tnc tou MDCTA.

v Aoon V/P spect ehadppa <MDCTA, oto 1o tpipnvo,
TTAEOVEKTN MO TTOU AUEAVETOL LLE TNV MTPO0SO TNC

KUNONG




NMAEONEKTHMATA

/\ELTOUPYLKEC LEAETEC

Mn emepBaTIKEC

MoAAamAotnta AnpodopLwV

[TOCOTLKEC LETPNOELC

Eldikotnta kat evatcOnoia

Mukpec 6O00ELC akTVoBoALaC

Xopnyoupeva padlopapuoka pn aAAepyloyova

Aev xpelaletal mpoeTOoLHaCia Tou aacBevouc

Neoyva —Bpedn:dev eival amapaitntn n avoalodnoia

-------------



MEIONEKTHMATA

Mn duvatotnta avixvevonc pkpwv PAoBwv
Aduvapio urtoAoylopol SLaoTACEWVY
Aduvopia A/A KUOTIKWY —CUUITAYWV LOPPWHUATWV

Mn duvatotnta EKTEAECNC TTEPLOCOTEPWYV TNC HLOC
gEeTtaoewv avOnNUEPOV
Aduvapia avixyvevonc ABwv

--------------



ENAEIZEIZ ZMNINOHPOITPAOHMATOZ
NEDPQN

AYNAMIKO
* AnodpaKktlkn ovpomnabela-vepponabela

* ‘EAeyyxoc oéeiac avouploag, ofsla amodpaln,
oéela cwAnvapLakn vekpwon, amnodpaéin
VEPPLKWV opTNPLWV

* Nedplkn avemapkeLa

* AyyeloKA VOO LLATA- VEPPAYVELAKNC
aLtloAoylac umeptoon

* MetapooxevuBeic vedppoc



LPO RPO
TECH VP COUNTS/TOTAL VOL $DIFF/TOTAL VOL COUNTS/UNIT VOL $DIFF/UNIT VOL

LF - BKG 16361 46.680 54.70 47.643
RG - BKG 87224 234 328 60.11 52.357




RENOGRAM

ELADDER

C
T
i/
J
E
P
C

PATIENT’S N&ME : IS PAN
PATIENT’S ID ‘ 29 Peak Time (Min):

STUDY DATE 1/2 Peak Time
Diff Perfusion




S NAME . DELIS PANAGIOTI

aNaGLO )
TIENT’S ID . 1348950 ‘ ime (Min) :
'eak Time
’ertusion




> UyKplon omiveOnpoypa@nudTwyv/akTivoypagiwy
oc Uéan veapd yuvaika/Evepyn d6on oe mSv
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