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SAÆETAK: Cilj rada je predstaviti di-
jagnostiËke i prognostiËke moguÊnosti
nove nuklearno-kardioloπke tehnike: Ga-
ted (EKG sinhronizirane) SPECT (Single
Photon Emission Computed Tomogra-
phy) perfuzijske scintigrafije miokarda
(GSPECT). Ova tehnika predstavlja state
of the art slikovnu metodu za neinva-
zivnu procjenu perfuzije i funkcije mio-
karda lijeve klijetke. ZahvaljujuÊi tehno-
loπkom i znanstvenom razvoju ova meto-
da ujedinjuje dvije veÊ etablirane nuk-
learno-kardioloπke tehnike: perfuzijsku
scintigrafiju miokarda i radionuklidnu
ventrikulografiju. Takvim pristupom po-
jednostavljuje i pojeftinjuje se neinvaziv-
na kardioloπka dijagnostiËka obrada bo-
lesnika, πto je prepoznato u razvijenim
zemljama svijeta gdje se GSPECT pri-
mjenjuje znatno ËeπÊe nego u Republici
Hrvatskoj. Neinvazivna procjena pro-
hodnosti stenta, preoperativna procjena
vijabilnosti miokarda, postintervencijska
(dilatacija i stent) i postoperativna (aor-
tokoronarno premoπtenje) evaluacija
postignutih rezultata, kao i procjena nuæ-
nosti za invazivnom kardioloπkom obra-
dom, samo su neki od razloga koji Ëine
ovu dijagnostiËku tehniku nezaobilaznim
dijelom modernog pristupa kardiovasku-
larnim bolesnicima.

KLJU»NE RIJE»I: Gated SPECT per-
fuzijska scintigrafija miokarda, nuklearna
kardiologija, neinvazivna kardioloπka di-
jagnostika.
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SUMMARY: The goal of the article is
to present the diagnostic and prognostic
capabilities of the new nuclear cardiolo-
gy technique: Gated (synchronized ECG)
SPECT (Single Photon Emission Comput-
ed Tomography) myocardial perfusion
scintigraphy (GSPECT). This multidisci-
plinary technique represents the state-of-
the-art imaging method for noninvasive
evaluation of perfusion and the left ven-
tricular myocardial function. Owing to
the technological and scientific develop-
ment, this method combines two already
established nuclear cardiac techniques:
myocardial perfusion scintigraphy and
radionuclide ventriculography. This ap-
proach can simplify and make the nonin-
vasive cardiac diagnostics of patients
cheaper, which has been recognized by
developed countries of the world where
GSPECT is used much more often than in
the Republic of Croatia. The non-invasive
evaluation of coronary artery stent paten-
cy, the preoperative evaluation of my-
ocardial viability, the postinterventional
(dilatation and stent) and postoperative
(aortocoronary bypass) evaluation of ob-
tained results, as well as the evaluation of
the necessity for invasive cardiac mana-
gement, are just some of the reasons that
make this diagnostic technique an un-
avoidable part of the modern approach
in treating cardiovascular patients.
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The goal of the article is to present the diagnostic and
prognostic capabilities of the new nuclear cardiac
technique: Gated (synchronized ECG) SPECT (Single

Photon Emission Computed Tomography) myocardial per-
fusion scintigraphy (GSPECT). 

In the highly developed countries the nuclear cardiolo-
gy takes a very important position in the diagnostic algo-
rithm of cardiovascular diseases1. Myocardial perfusion
scintigraphy with Tc-99m labeled radiopharmaceuticals:
Tc-99-sestamibi (MIBI) and Tc-99m-Tetrofosmin are rou-
tinely used in the diagnostics and prediction of future
events in coronary heart disease (CHD) patients2. Clinical
practice requires a high level of knowledge from the oper-
ator, which also implies a rational decision in choosing the
best diagnostic test in a specific clinical case. The proper
use of noninvasive nuclear cardiac techniques brings sig-
nificant savings, i.e. significant reduction in the necessity
for more expensive and invasive cardiac procedures3,4. Un-
fortunately, in less developed countries, and therefore in
our country, nuclear cardiac techniques are used much
less. There are several reasons why myocardial perfusion
scintigraphy using Tc-99m labeled radiopharmaceuticals

Cilj rada je predstaviti dijagnostiËke i prognostiËke
moguÊnostima nove nuklearno-kardioloπke neinva-
zivne slikovne tehnike: GATED (EKG sinhronizirane)

SPECT (Single Photon Emission Computed Tomography)
perfuzijske scintigrafije miokarda (GSPECT). 

U visoko razvijenim zemljama svijeta nuklearna kar-
diologija zauzima vaæno mjesto u dijagnostiËkom algorit-
mu kardiovaskularnih bolesti1. Perfuzijska scintigrafija
miokarda s Tc-99m oznaËenim radiofarmacima: Tc-99-se-
stamibi (MIBI) i Tc-99m-Tetrofosmin, rutinski se koristi u
dijagnostici i prognozi buduÊih dogaanja kod bolesnika s
koronarnom bolesti srca (KBS)2. KliniËka praksa zahtjeva
veliko znanje operatora, πto podrazumijeva i racionalnu
odluku o izboru najboljeg dijagnostiËkog testa u konkret-
noj kliniËkoj situaciji. Ispravnim koriπtenjem neinvazivnih
nuklearno-kardioloπkih tehnika nastupaju znaËajne uπtede,
tj. znaËajno se smanjuje potreba za puno skupljim i inva-
zivnim kardioloπkim zahvatima3,4. Naæalost, u manje raz-
vijenim zemljama svijeta, pa tako i kod nas, nuklearno-kar-
dioloπke tehnike se primjenjuju znatno rjee. Nekoliko je
razloga zaπto se perfuzijska scintigrafija miokarda pomoÊu
Tc-99m oznaËenih farmaka (Tc-99-MIBI i Tc-99m-Tetro-

Figure 1a. Normal result of myocardial perfusion scin-
tigraphy during stress and rest performed with the SPECT
imaging technique after injecting Tc-99m MIBI (“Polyclin-
ic Dr. LaciÊ” database).

Figure 2b. Gated SPECT of the same patient from Fi-
gure 2a. Clearly reduced perfusion and left ventricular fun-
ction (EF 37%) with akinesis of antero-apical septal wall
and hypokinesis of infero-lateral-posterior wall (“Polyclinic
Dr. LaciÊ” database).

Figure 2a. The results of the stress and rest myocardial
perfusion scintigraphy performed with the SPECT imaging
technique after injection of Tc-99m MIBI show extensive
scar changes in the LAD area (approximately 50% of the
area affected by infarction) and less extensive scar and is-
chemic infero-lateral-posterior changes (“Polyclinic Dr.
LaciÊ” database).

Figure 1b. Gated SPECT of the same patient from Fi-
gure 1a. Normal result of perfusion and left ventricular
function, with normal contraction of all left ventricular my-
ocardial segments (“Polyclinic Dr. LaciÊ” database).
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(Tc-99-MIBI and Tc-99m-Tetrofosmin) is not used more
frequently in the less developed countries. The first and
foremost, the reason for this is that there is no team colla-
boration between cardiologists and the nuclear medicine
specialists. Namely, to achieve good results in nuclear car-
diology, that is, in order to make  the stress myocardial per-
fusion scintigraphy test representative, the patient should
be adequately stressed. It is clear that it is the best for the
maximum stress level, whether physical or pharmacologi-
cal, to be achieved by the cardiologist monitoring the pa-
tient. The other reason is the appropriate technological
support, which today imposes the need for the use of
GSPECT technology in the evaluation of the myocardial
perfusion. This imaging technique simultaneously gives in-
formation on the left ventricular (LV) myocardial perfusion
during rest and stress (Figure 1a), this information is related
to thalium — myocardial perfusion scintigraphy, as well on
the LV function (Figure 1b), this information is related to
technetium — radionuclide ventriculography.  Moreover,
if for the same patient there is also a potential need for
evaluating the existence of cardiac shunt, radionuclide an-
giography can be performed with myocardial perfusion
scintigraphy during rest, which can bring significant sa-
vings of imaging time and the quantity of injected radio-
pharmaceuticals, and consequentially in the patient radia-
tion dose and funds. Using layman’s terms, three basic nu-
clear-cardiologic tests (radionuclide angiography, radionu-
clide ventriculography and myocardial perfusion scintigra-
phy) are merged into one GSPECT. 

Myocardial perfusion scintigraphy using Tl-201 (thalli-
um 201) was introduced into clinical practice during the
early seventies of the last century. For many years the tech-
nique of planar imaging was exclusively used. The devel-
opment, primarily, of information technology enabled the
functional tomographic myocardial perfusion imaging (Sin-
gle Photon Emission Computed Tomography — SPECT).
Compared to planar LV myocardial perfusion imaging,
SPECT is what computerized tomography is compared to
planar radiology imaging of certain organs, with one im-
portant note that there is no significant difference in the pa-
tient radiation dose when using SPECT and planar imaging
techniques. Besides the development of SPECT technolo-
gy, medical informatics is also responsible for the develop-
ment of powerful program solutions in quantification, i.e.
objectification of studies in nuclear medicine and therefore
in nuclear cardiology5. The possibility for creating databa-
ses with normal values emerged, and those values could
then be easily compared with the study results obtained
from a specific patient and in that way objectively evalua-
ting the extent and the intensity of the pathological pro-
cess6. Parallel to this advancement in the physical scope,
there also occurred advancement in chemistry with the de-
velopment of new and better compounds for the evalua-
tion of myocardial perfusion. Although Tl-201, as an ana-
logue of potassium, had good chemical properties, its nu-
clear-physical properties, low energy of gamma rays and
the long half-life, made it less desirable than the chemical
compounds which could be marked with Tc-99m pertech-
netate. Two products with these properties appeared at the
beginning of the nineties in the last century: Tc-99m ses-
tamibi (MIBI) and Tc-99m tetrofosmin and they almost
completely replaced Tl-201. This opened the doors to wide
clinical application of SPECT myocardial perfusion scintig-
raphy. Myocardial perfusion scintigraphy, although it can
be performed only during rest when only the myocardial
viability is concerned, most often it is performed as a pro-

fosmin) nedovoljno Ëesto radi u manje razvijenim zemlja-
ma. Prvi i najvaæniji razlog je πto ne postoji timska surad-
nja izmeu kardiologa i specijalista nuklearne medicine.
Naime, da bi se postigli dobri rezultati u nuklearnoj kardi-
ologiji, odnosno da bi test perfuzijske scintigrafije miokar-
da u optereÊenju bio reprezentativan, potrebno je bolesni-
ka adekvatno opteretiti. Jasno je da Êe maksimalni stupanj
optereÊenja, bilo fiziËkog ili farmakoloπkog, najbolje na-
praviti kardiolog koji prati bolesnika. Drugi razlog je adek-
vatna tehnoloπka potpora, koja danas nameÊe potrebu ko-
riπtenja GSPECT tehnologije pri procjeni perfuzije miokar-
da. Ovom tehnikom snimanja se istovremeno dobivaju in-
formacije o perfuziji miokarda lijeve klijetke (LK) u miro-
vanju i optereÊenju (Slika 1a), kod nas je ta informacija ve-
zana uz pojam talij — perfuzijska scintigrafija miokarda,
kao i funkciji LK (Slika 1b), kod nas je ta informacija ve-
zana uz pojam tehnecij — radionuklidna ventrikulografija.
©toviπe, ukoliko u istog bolesnika eventualno postoji potre-
ba i za procjenom postojanja srËanih greπaka (“shunt”) ra-
dionuklidna angiokardiografija se moæe uËiniti tijekom
perfuzijske scintigrafije miokarda u mirovanju, Ëime se
mogu uËiniti znaËajne uπtede, kako u vremenu snimanja
tako i u koliËini injiciranih radiofarmaka, a onda poslje-
diËno i u dozi ozraËivanja pacijenata i financijskim sred-
stvima. GovoreÊi jednostavnim rijeËnikom tri temeljne nu-
klearno-kardioloπke pretrage (radionuklidna angiokardio-
grafija, radionuklidna ventrikulografija i perfuzijska scinti-
grafija miokarda) su spojene u jednu GSPECT.

Perfuzijska scintigrafija miokarda pomoÊu Tl-201 (talij
201) uvedena je u kliniËku praksu u ranim sedamdesetim
godinama proπlog stoljeÊa. Dugi niz godina koristila se is-
kljuËivo tehnika planarnog snimanja. Razvojem, prven-
stveno, informatiËke tehnologije omoguÊeno je dobivanje
funkcionalnih tomografskih snimaka (Single Photon Emis-
sion Computed Tomography — SPECT) perfuzije miokar-
da. SPECT u odnosu na planarne snimke perfuzije miokar-
da LK predstavlja isto πto i kompjutorizirana tomografija u
odnosu na planarne radioloπke snimke odreenog organa,
uz vaænu napomenu da nema bitne razlike u dozi ozraËi-
vanja pacijenta kod primjene SPECT i planarne tehnike sni-
manja. Osim razvoja SPECT tehnologije, medicinska infor-
matika je zasluæna i za razvoj snaænih programskih rjeπe-
nja u kvantifikaciji, tj. objektiviziranju nuklearno-medicin-
skih pa tako i nuklearno-kardioloπkih studija5. Doπlo je do
moguÊnosti stvaranja baza podataka normalnih vrijednos-
ti koje su se onda mogle lako usporeivati s dobivenim re-
zultatima studije kod odreenog pacijenta i na taj naËin
objektivno procjenjivati opseg i intenzitet patoloπkog pro-
cesa6. Paralelno s ovim napretkom na fizikalnom polju,
doπlo je i do napretka na podruËju kemije te su razvijeni
novi, bolji, spojevi za procjenu perfuzije miokarda. Prem-
da je Tl-201, kao analog kalija, imao dobre kemijske os-
obine, njegove nuklearno-fizikalne karakteristike, niska
energija gama zraka i dug poluæivot, Ëinile su ga manje po-
æeljnim od kemijskih spojeva koje bismo mogli oznaËiti sa
Tc-99m pertehnetatom. PoËetkom devedesetih godina
proπlog stoljeÊa pojavila su se dva preparata s takvim oso-
binama: Tc-99m sestamibi (MIBI) i Tc-99m tetrofosmin i
gotovo u potpunosti zamijenili Tl-201. Time su se otvorila
vrata πirokoj kliniËkoj primjeni SPECT perfuzijske scinti-
grafije miokarda. Perfuzijska scintigrafija miokarda. prem-
da se moæe raditi i samo u mirovanju kada je u pitanju is-
kljuËivo vijabilnost miokarda, najËeπÊe se radi kao pro-
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tocol with studies during stress and rest. Comparing the
studies we get answers about the existence of scared (in-
farction) and/or ishaemic part of the myocardial segments.
Although stress achieved by walking on a treadmill is used
whenever possible, more often we can also see the use of
pharmacological stress tests using dipyridamole, adenosine
and dobutamine. 

The GSPECT technology entered into clinical practice
during the beginning of this century and simultaneously
enabled the gathering of information on perfusion and LV
myocardial function, whereby myocardial perfusion scinti-
graphy and radionuclide ventriculography merge7. The
possibility for quantifying data, determining to which coro-
nary artery supply area the perfusion defect belongs, extent
of disease to one or more arteries, the size of the defect, the
severity of the defect (compared with the normal database),
dynamics of change during stress and rest and their longi-
tudinal monitoring on a specific patient, all considerably
contribute to the method and the results of treating patients
with CHD (Figure 2a)8. ECG synchronization enables the
division of every cardiac cycle into 8-16 time frames. The
data gathered in this way enables, with the evaluation of
LV myocardial perfusion, the presentation of information
in regional segmental motion of LV, its thickening during
contractions, calculation of the total and regional ejection
fraction, as well as the measuring of the LV volume, i.e. the
representation of the LV volume curve (Figure 2b). The fact
that a normal GSPECT result means exceptionally low
(<1%) probability of a coronary event in the next year is an
advantage of this technique for the evaluation of the CHD
risk9. This method has proved to be especially useful in pa-
tients with left bundle branch block in standard 12-lead
ECG, who have no significant diagnostic advantage from
ergometry. Furthermore, with this technique we may dis-
tinguish between high risk patients who need further emer-
gency cardiac treatment and those who can be helped with
conservative approach10-12. The noninvasive evaluation of
coronary artery stent patency, the preoperative evaluation
of myocardial viability, the postinterventional (dilatation
and stent) and postoperative (aortocoronary bypass) eva-
luation of obtained results, as well as the evaluation of the
necessity for invasive cardiac treatment, are just some of
the reasons which make this diagnostic technique an un-
avoidable part of the modern approach of treating cardio-
vascular patients13,14. All this are reasons why GSPECT is to-
day considered the state-of-the-art nuclear cardiac tech-
nique for noninvasive evaluation of LV myocardial perfu-
sion. The planar myocardial perfusion scintigraphy as well
as the common SPECT myocardial perfusion scintigraphy
are techniques which should, if possible, be replaced by
the GSPECT method.

Because of everything mentioned earlier, the GSPECT
method is today much more used in the developed coun-
tries than in our country. For the sake of comparison, in
Singapore, with similar population to that of Croatia, only
the National Centre for Heart Disease performs over 7,000
GSPECT tests annually. Dr Felix Keng, nuclear cardiologist
who is the head of this centre, owing to the use o GSPECT
rarely uses the MSCT coronarography in the evaluation of
his patients15. A well known fact is that United States have
seen a sevenfold increase of the number of myocardial per-
fusion scintigraphies since American cardiologists entered
into the world of nuclear cardiology and noticed the ad-
vantages of this imaging technique. The most recent joint

tokol sa studijama u optereÊenju i mirovanju. Usporedbom
studija dobivaju se odgovori o postojanju oæiljnog (infarkt)
i/ili ishemijskog dijela segmenata miokarda. Premda se
optereÊenje na pokretnoj traci primjenjuje uvijek kad je to
moguÊe, sve ËeπÊe se primjenjuju i farmakoloπki testovi
optereÊenja primjenom dipiridamola, adenozina i dobuta-
mina. 

GSPECT tehnologija ulazi u kliniËku praksu poËetkom
ovog stoljeÊa i omoguÊuje istovremeno dobivanje informa-
cija o perfuziji i funkciji miokarda LK, Ëime se perfuzijska
scintigrafija miokarda i radionuklidna ventrikulografija sta-
paju u jednu7. MoguÊnost kvantifikacije podataka, odre-
ivanje pripadnosti defekta perfuzije opskrbnom podruËju
odreene koronarne arterije, zahvaÊenost jedne ili viπe æila
boleπÊu, veliËina defekta, jaËina defekta (usporedba s nor-
malnom bazom podataka), dinamika promjena u stresu i
mirovanju te njihovo longitudinalno praÊenje kod odre-
enog pacijenta znaËajno doprinose naËinu i rezultatima
lijeËenja bolesnika s KBS (Slika 2a)8. EKG sinhronizacija
omoguÊuje podjelu svakog srËanog ciklusa u 8-16 vremen-
skih slika. Tako dobiveni podaci omoguÊuju, uz procjenu
perfuzije miokarda LK, prikaz informacija o regionalnoj
gibljivosti segmenata LK, njezinom zadebljanju prilikom
kontrakcija, izraËunu ukupne i regionalne ejekcijske frak-
cije, kao i mjerenje volumena LK, odnosno prikaza vo-
lumne krivulje LK (Slika 2b). »injenica da uredan nalaz
GSPECT znaËi izrazito nisku (<1%) vjerojatnost koronar-
nog dogaaja u sljedeÊih godinu dana, daje prednost ovoj
tehnici u procjeni rizika KBS9. Metoda se pokazala naroËi-
to korisnom kod pacijenata sa slikom bloka lijeve grane u
12-kanalnom EKG-u, kod kojih ergometrijsko testiranje ne
donosi znaËajnu dijagnostiËku dobrobit. Nadalje, ovom
tehnikom u moguÊnosti smo razlikovati pacijente visokog
rizika koji zahtijevaju daljnju æurnu kardioloπku obradu,
od onih kojima se moæe pomoÊi konzervativnim postupci-
ma10-12. Neinvazivna procjena prohodnosti stenta, preoper-
ativna procjena vijabilnosti miokarda, postintervencijska
(dilatacija, stent) i postoperativna (aortokoronarno premo-
πtenje) evaluacija postignutih rezultata, kao i procjena po-
trebe za invazivnom kardioloπkom obradom Ëini ovu teh-
niku nezaobilaznim dijelom modernog pristupa kardio-
vaskularnim bolesnicima13,14. Sve su to razlozi da se danas
GSPECT smatra state of the art nuklearno-kardioloπkom
tehnikom za neinvazivnu procjenu perfuzije miokarda LK.
Planarna perfuzijska scintigrafija miokarda kao i obiËna
SPECT perfuzijska scintigrafija miokarda su tehnike koje bi,
ukoliko je moguÊe, trebalo zamijeniti metodom GSPECT.

Zbog svega prethodno spomenutog, metoda GSPECT
se u razvijenim zemljama svijeta danas puno viπe koristi
nego kod nas. Usporedbe radi u Singapuru, koji je po bro-
ju stanovnika sliËan Hrvatskoj, samo u Nacionalnom cen-
tru za srËane bolesti godiπnje se radi preko 7.000 GSPECT
pretraga. Dr. Felix Keng, nuklearni kardiolog koji vodi ovaj
centar, zahvaljujuÊi primjeni GSPECT znatno rjee koristi
MSCT koronarografiju u evaluaciji svojih pacijenata15. Poz-
nata je Ëinjenica da je u Sjedinjenim AmeriËkim Dræavama
zabiljeæen sedmerostruki porast u broju uËinjenih perfuzij-
skih scintigrafija miokarda nakon πto su ameriËki kardio-
lozi uπli u svijet nuklearne kardiologije i uoËili prednosti
ove neinvazivne slikovne tehnike. Najnovije zajedniËko
izvjeπÊe NjemaËkog kardioloπkog i NjemaËkog nuklearno
medicinskog druπtva, izvjeπÊuje da je tijekom 2008. go-
dine u toj zemlji uËinjeno 98.947 perfuzijskih scintigrafija
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miokarda, od Ëega 77% u vanbolniËkim polikliniËkim us-
tanovama16. ZajedniËka preporuka ova dva druπtva je da se
u svih pacijenata obavezno radi GSPECT u mirovanju i
optereÊenju te da se dobiveni podaci obavezno kvantifici-
raju, tj. usporeuju s normalnim bazama podataka. 

report by the German Cardiac Society and the German So-
ciety of Nuclear Medicine, reports that there were 98,947
myocardial perfusion scintigraphies performed in that
country during 2008, out of which 77% was in outpatient
polyclinic institutions16. The joint message of these two so-
cieties is that stress and rest GSPECT is mandatory for all
patients and that the obtained data must be quantified, i.e.
compared to normal databases. 

Received: 28th Feb 2010                
Updated: 11th Mar 2010
*Address for correspondence: Poliklinika “dr. LaciÊ”, BukovaËka c.

238, HR-10000 Zagreb, Croatia; Phone: +385-1-2444-414; E-mail: 
ordinacija@ordinacija-lacic.hr

Literature

1. Driver KA, Atchley AE, Kaul P, Borges-Neto S. Single photon emission computed tomography myocardial imaging: clinical applications and future
directions. Minerva Cardioangiol. 2009;57(3):333-47. 

2. Larock MP, Braat SH, Sochor H, Maisey M, Rigo P. New developments in myocardial imaging technetium 99mTc sestamibi. Martin Dunitz Ltd 1993,
London.

3. Underwood SR, Goodman B, Salyani S, Ogle JR, Ell PJ. Economics of Myocardial Perfusion Imaging in Europe-The EMPIRE study. Eur Heart J.
1999;20:157-66. 

4. Shaw LJ, Hachamovitch R, Bermans DS, Marwick TH, Laueer MS, Heller GV, et al. The economic consequences of available diagnostic and prog-
nostic strategies for the evaluation of stable angina patients: an observational assessment of the value of precatheterization ischemia. J Am Coll Cardiol.
1999;33:661-9.

5. LaciÊ M, BokuliÊ T, Cook GJR, Shields J, Lewis M, Allen SJ, Clarke SEM. Tl-201 bullseye analysis: What is normal? Nucl Med Commun. 1995;16:224. 
6. LaciÊ M, BokuliÊ T, Cook GJR, Clarke SEM. Creation of the own normal Tl-201 bull’s eye files. Nuklearmedizin. 1996;35: A117.
7. Martin-Comin J, Castell-Conesa J, Pradas AM. Why should you ask for a myocardial perfusion SPECT? Masson, S.S. 2002, Barcelona.
8. LaciÊ M,  KusiÊ Z, Clarke SEM. Contribution of quantitative Bull’s eye analyses to the evaluation of Tl-201 SPECT scan in one-day Stress-Redistribu-

tion-Reinjection protocol. World J Nucl Med. 2002;1:S8-S9.
9. Gibbons RS. American Society of Nuclear Cardiology Project on myocardial perfusion imaging; measuring outcomes in response to emerging guide-

lines. J Nucl Cardiol.1996;3:436-42.
10. Sciagra R. The expanding role of left ventricular functional assessment using gated myocardial perfusion SPECT: the supporting actor is stealing the

scene. Eur J Nucl Med Mol Imaging. 2007 Jul;34(7):1107-22.
11. Manrique A, Bernard M, Hitzel A, Bubenheim M, Tron C, Agostini D, et al. Diagnostic and prognostic value of myocardial perfusion gated SPECT

in orthotopic heart transplant recipients. J Nucl Cardiol. 2010 Feb 12 [Epub ahead of print].
12. Hachamovitch R, Kang X, Amanullah AM, Abidov A, Hayes SW, Friedman JD, et al. Prognostic implications of myocardial perfusion single-photon

emission computed tomography in the elderly. Circulation. 2009;120(22):2197-206.
13. Walimbe V, Jaber WA, Garcia MJ, Shekhar R. Multimodality cardiac stress testing: combining real-time 3-dimensional echocardiography and my-

ocardial perfusion SPECT. J Nucl Med. 2009;50(2):226-30. 
14. Boogers MM, Chen J, Bax JJ. Role of nuclear imaging in cardiac resynchronization therapy. Expert Rev Cardiovasc Ther. 2009;7(1):65-72.
15. Dr. Felix Keng, Director, Nuclear Cardiology, National Heart Centre, Singapore General Hospital, Singapore, March 2009, personal communica-

tion. 
16. Lindner O, Burchert W, Bengel FM, Zimmermann R, Vom Dahl J, Schäfer W, Schober O, Schäfers M. Myocardial perfusion scintigraphy 2008 in

Germany. Results of the fourth query. Nuklearmedizin. 2010 Mar 1:49(2):65-72.


