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A b s t r a c t: The aim of this study was to determine and localize culprit lesion 

by myocardial perfusion imaging (MPI) in cases of angiographically detected coronary 
narrowing ≥ 75% of at least one coronary artery.  

Material and Methods: One hundred and thirty-two (132) patients with 
angiographically detected significant coronary narrowing (≥ 75% luminal stenosis of at 
least one major coronary artery) were studied. All the patients submitted MPI 99mTc-
MIBI, with pharmacologic dipyridamole stress protocol with concomitant low level bi-
cycle exercise 50W (DipyEX). We measured relative uptake 99mTc-MIBI for each myo-
cardial segment using short-axis myocardial tomogram study. A 5-point scoring system 
was used to assess the difference between uptake degree in stress and rest studies for the 
same segments, and we created two indices: Sum reversibility score (SRS), Index of 
sum reversibility score (ISRS).  

Results: A total of 396 vascular territories (2244 segments) were analyzed be-
fore elective percutaneous coronary intervention (ePCI). Overall sensitivity, specificity 
and accuracy using SRS were 90.2%, 87.5%, and 89.4%, with a positive predictive 
value of 94.1%. Overall sensitivity, specificity, and accuracy using ISRS were 94.4%, 
90.6%, 93.2% and the positive predictive value was 95.7%.  

Conclusion: DipyEX MPI with the two indices created, SRS and ISRS, 
significantly improves sensitivity, specificity and accuracy in the determination and 
localization of culprit lesions in patients undergoing elective PCI. 
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Introduction 
 

One of the most powerful uses of MPI is the evaluation of the risk of 
future events in patients with suspected or known CAD. Over the years, MPI 
has evolved as an essential tool in the evaluation and assessment of patients 
prior to coronary revascularization [1, 2, 3, 4]. It has a dual role. Prior to 
coronary angiography, MPI is extremely useful in documenting ischaemia and 
determining the functional impact of single or multiple lesions identified subse-
quently, after the coronary anatomy is known, and despite some limitations in 
the setting of multivessel disease, MPI remains the test of choice for identifying 
the lesion responsible for the ischaemic symptoms, or so-called culprit lesion [4, 
5, 6, 8, 9]. This is extremely useful for further management decisions with 
respect to percutaneous interventions. In contrast, the absence of reversible 
ischaemia in patients with known CAD is an excellent prognostic marker and 
predicts a low annual event rate [9, 11, 12, 13]. The current definition of culprit 
lesion: zone of ischaemia under the coronary artery stenoses is not quite right, 
because that does not define two pathophysiologic aspects of ischemia; severity 
and extent. The primary objective of the study was to determine and localize 
culprit lesion by introducing new parameters SRS (summary reversible score) 
and ISRS (index of summary reversible score), where there is angiographically 
detected coronary narrowing ≥ 75% for the least one coronary artery [11, 17]. 
 
 

Methods 
 

One hundred and thirty-two patients (78 male and 54 female, with a 
mean age of 52, 12 ± 8.26, yrs. ranging from 35 to 63) with angiographically 
detected significant coronary narrowing (≥ 75% luminal stenosis of at least one 
major coronary artery) were studied. They had angina pectoris with no clinically 
evident myocardial infarction.  

Exercise protocol: We used DipyEX protocol;  
Dipyridamole was administered by IV. Infusion (0, 56 mg/kg/min) for 4 

min, after that we followed with the low level exercise 50W Bruce protocol by 
ergo bicycle for the next five minutes [7, 10, 17]. Radiopharmaceutical 99mTc-
MIBI (the first dose) was administered during the 3rd minute of ergo bicycle 
exercise (Fig 1).  

All patients were submitted to 2 IV injections of 99mTc-MIBI, one 
during the DipyEX protocol in the third minute (dose 740 MBq) of ergo bicycle 
exercise, and the other dose of tracer (370 MBq) 3 hours later. Imaging started 
15 minutes after the DipyEX protocol finished and 30 minutes after second dose 
application.  
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Figure 1 − DipyEX protocol 

Slika 1 – DipyEX protokol 
 
 

Image Analysis 
 

Images of the heart were taken 15 min after injections for the stress 
studies, and 30 minutes after injections for the rest study, using an Orbiter Sie-
mens gamma camera, which was fitted with a low energy, all-purpose collima-
tor, and connected to a dedicated Microdelta computer system. Briefly, 32 
projections were obtained over a semicircular 1800 arc which extended from the 
anterior 00 to the left posterior position 1800. In each patient, we used the Stirner 
program (Euro menu) modified and standardized myocardial segmentation and 
nomenclature for topographic imaging of the heart analyzed SPECT. Quantifi-
cation regional 99mTc-MIBI uptake was performed using short-axis myocardial 
tomography that was divided into 16 segments + apex for each study (17 seg-
ments overall) [2].  

Left anterior descendent (LAD) vascular territory including: basal ante-
rior, basal anteroseptal, mid anterior, mid anteroseptal, apical anterior, apical 
septal, and apex; Left circumflex artery (ACx); basal inferolateral, basal antero-
lateral, mid inferolateral, mid anterolateral, apical lateral; Right coronary artery 
(RCA); basal inferoseptal, basal inferior, mid inferoseptal, mid inferior, apical 
inferior (Fig 2).  

We measured relative uptake, in the area of individual coronary artery 
vascular territory, from each segment and compared with the segment with the 
best uptake, and in the DipyEX study we established: Normal relative uptake (> 
85%); Probably normal (75%–85%); Equivocal (65%–75%); Probably abnor-
mal (50%–65%); Abnormal (< 50%). Rest study: Normal relative uptake (> 
90%); probably normal (80%–90%); equivocal (70%–80%); probably abnormal 
(55%–75%); abnormal (< 55%). The difference between the relative uptake of 
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each segment was scored using a 5-point scoring system to assess the difference 
between uptake degree in stress and rest studies for the same segments (1 = 
normal, 2 = mild ischaemia, 3 = moderate ischemia, 4 = reversibility, 5 = severe 
reversibility).  

 
Figure 2 − Left Ventricular Segmentation 

Slika 2 – Podelba na segmenti na levata komora 

 
We introduced two new index scores to determine culprit lesion. 

Summary reversible score (SRS) ≥ 3 in the territory of the stenotic coronary 
artery was determined culprit lesion. At least two segments with a score of 5 
(index of summary reversible score – ISRS) in the territory of the stenotic 
coronary artery was determined culprit lesion. 

Statistical analysis: We measured the Accuracy of Diagnostic 
Procedures by the 2 × 2 Table Method [18]. 
 
 

Results 
 

During the DipyEX protocols we followed these procedures: Recorded 
blood pressures (BP); heart rate (BPM) ECG on the monitor, recorded occur-
rence of symptoms (chest pain, nausea, dyspnea etc.); marked clock time of the 
injection of radiotracer relative to the start and end of ergo bicycle; after 
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injection of radiotracer, the ergo bicycle exercise continued for the next 2 minu-
tes. We were monitoring BP, BPM and ECG for the next 5 minutes after comp-
letion of infusion, continuing clinical monitoring if chest pain or significant 
ECG changes persisted.  
 
 

Coronary angiography finding 
 

All 132 patients underwent coronary angiography. Coronary angio-
graphy showed significant ≥ 75% stenosis in at least one major coronary artery 
in all patients.  

Fig. 3 of the 396 coronary territories, we found 207 (52.3%) ≥ 50% 
stenotic vessels. Individual vessel analysis showed moderate luminal stenosis (≥ 
50% to < 75%) of the coronary artery in 64 (31%), and severe stenosis ≥ 75% in 
143 (69%). 

For LAD stenoses: overall 86 (≥ 75% = 63, < 75% = 23), ACx: overall 
55 (≥ 75% = 38, < 75% = 17), and RCA: overall 66 (≥ 75% = 42, < 75% = 24).  
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Figure 3 − 396 coronary territories, we founded 207 (52, 3%) ≥ 50% stenosed vessel. 
Individual vessel analysis showed moderate luminal stenosis (≥ 50% to < 75%) in the 
64 coronary artery (31%), and 143 (69%) severe stenosis ≥ 75%. For LAD stenoses; 
overall 86 (≥ 75% = 63, < 75% = 23), ACx; overall 55 (≥ 75% = 38, < 75% = 17),  

and RCA; overall 66 (≥ 75% = 42, < 75% = 24) 
Slika 3 – Od 396 koronarni teritorii, najdovme vo 207 (52,3%) 

stenozirani sadovi (> 50%). Posebnata sadovna analiza prika`a umerena 
stenoza (≥ 50%, < 75%) vo 64 teritorii (31%) i 143 (69%) te{ka stenoza  
≥ 75%. Stenozata na LAD prisutna kaj 86 (≥ 75%= 63, < 75% = 23), АCx kaj 

55 (≥ 75% = 38, < 75% = 17) i RCA kaj 66 (≥ 75% = 42, < 75% = 24) 
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Fig 4 shows 2244 examined segments, scoring with a 5-point scoring 
system to assess the difference between uptake degree in stress and rest studies 
for the same segments (1= normal, 2 = mild ischaemia, 3 = moderate ischaemia, 
4 = reversibility, 5 = severe reversibility. We found overall 496 segments (22, 
1%) with a score of 5 which determined culprit lesion – at least two segments 
with a score of 5 in the territory of the stenosed coronary artery. 

 
Segmental score 5 RS

22,1%

Segmental score1-4 RS
77,9%

496

1748

 
Figure 4 – Overall 2244 examined segments, scoring with a 5-point scoring system. We 

founded an overall of 496 segments (22, 1%) with scoring 5 where culprit lesion was 
determined – at least two segments with score 5 in the territory of stenoses coronary artery 
Slika 4 – 2244 analizirani sadovi so 5-bodoven (scoring) sistem. Najdovme 

496 segmenti (22,1%) so "score" 5 kade {to e i prisutna "culprit" lezija. 
 
99mTc-MIBI imaging: in all the patients image quality was excellent in 

both DipyEX and rest studies. On visual analysis, all patients with significant 
stenosis of at least one major coronary artery showed an abnormal finding. In 
the 132 subjects included in this study, a total of 2244 myocardial segments 
were quantitatively analyzed.  

On the basis of analyses using SRS ≥ 3 which determine culprit lesion 
overall sensitivity, specificity, accuracy, PPV, and NPV was (90.1%, 87.1%, 
89.4%, 95.78% and 73%) Fig 5. 

In the detection of culprit lesion of individual stenosed vessel by SRS 
sensitivity, specificity, accuracy, PPV, and NPV for LAD was (95.2%, 88.9%, 
94.1%, 97%, and 80%); ACx (82%, 83.3%, 82.3%, 90%, and 71.5%); and RCA 
(89.2%, 90%, 89.4%, 97%, and 69.2%) Fig 6. 
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Figure 5 − Analyses used SRS ≥ 3 for determining culprit lesion 
Slika 5 – Analizata koriste{e vrednost na SRS ≥ 3 za odreduvawe  

na "culprit" lezija 
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Figure 6 − Detection culprit lesion of individual stenosed vessel by SRS ≥ 3 which 
determine culprit lesion 

Slika 6 – Odreduvaweto na "culprit" lezija na posebnata stenoza  
so vrednost na SRS ≥ 3 
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On the basis of the analyses used ISRS in the identification of culprit 
lesion (at least two segments with score 5 in the territory of stenosed coronary 
artery) overall sensitivity, specificity, accuracy, PPV, and NPV was (94.1%, 
93.3%, 94%, 98%, and 82.3%) Fig 7. 
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Figure 7 − Analyses used ISRS in the identification of culprit lesion  
(at least two segments with score 5 in the territory of stenoses coronary artery) 

Slika 7 –Analizata koriste{e ISRS za prepoznavawe na "culprit" lezija 
(najmalku dva segmenti so "score" 5 vo teritorijata na stenozata  

na koronarnata arterija) 
 

In the detection of culprit lesion of individual stenosed coronary artery 
by ISRS sensitivity, specificity, accuracy, PPV, and NPV for LAD was (97.7%, 
100%, 98%, 100%, and 90%); ACx (87%, 90.1%, 88.3%, 95.2%, and 77%); 
RCA (94.6%, 91.6%, 93.6%, 97.2%, and 81.8%) Fig 8. 

Sensitivity, specificity and accuracy in the determined culprit lesion 
was very good, but it was significantly higher when we used the index of sum 
reversibility score (ISRS) in quantitative analyses. 

Figs 9, 10, and 11 show one representative example: culprit lesion (in 
the lateral, inferolateral, and inferior region) on the DipyEX cardiac tomography 
imaging which indicated angiography and invasive revascularization. After 
ePCI with stent implantation myocardial perfusion imaging showed normal 
findings. 
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Figure 8 – Detection culprit lesion of individual stenosed coronary artery by ISRS 
Slika 8 – Odreduvawe na "culprit" lezija na posebnata stenoza  

na koronarnata arterija so ISRS 
 

 
Figure 9 – Figure showed culprit lesion on the short axis after DipyEX protocol.  

In the rest of the study (right) we will see normal finding in the same area. We indicated 
coronary angiography 

Slika 9 – Slikata prika`uva "culprit" lezija na kratkata oska po DipyEX 
protokol. Vo rest studijata (desno) se gleda ureden naod vo samata 

regija. Indiciravme koronarna angiografija 
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Figure 10 – Figure showed coronary angiography finding was occlusion ACx,  

and subtotal stenosis RCA. In the same acts we performed PCI with stent implantation. 
The final result (below) showed absolutely success 

Slika 10 – Slikata prika`uva koronarna angiografija so okluzija na ACx 
i suptotalna stenoza na RCA. Vo istiot akt izvedovme PCI  

so implantacija na stent. Krajniot rezultat prika`uva celosen uspeh 

 
Figure 11 – Myocardial perfusion imaging performed two week after ePCI, 

in the same condition showed normal finding 
Слика 11 – Miokardna perfuziona scintigrafija изведена две недели  

pо ePCI, во исtаtа сосtојба pокажа нормални наоди 
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Discussion 
 

In this recent work the author [11] defined culprit lesion using two 
physiological aspects: severity of ischaemia and extension zone of ischaemia. 
With quantification of these two parameters of culprit lesion, the author deter-
mined patients who underwent PCI with stent implantation, and who had the 
best therapy effects with PCI therapy. Conversely, we considered patients with 
mild ischaemia with good exercise tolerance as candidates for intense medical 
therapy [11]. Published data from the Clinical Outcomes Utilizing Revasculari-
zation and Aggressive Drug Evaluations (COURAGE) trial indicate that many 
ischaemic defects may markedly improve with aggressive lowering of abnormal 
lipids and other pharmacological interventions [14, 15, 16]. Hachamovitch and 
colleagues reported that patients with a mildly abnormal scan had a 0.8% annual 
cardiac death rate compared with 0.9% for those who underwent revasculariza-
tion. The death rate in medically treated patients who had moderately abnormal 
scans was 2.3% versus 1.1% for such patients undergoing revascularization. Fi-
nally, patients with a severely abnormal scan treated medically had an annual 
cardiac death rate of 4.6% versus 1.3% for such patients who were revasculari-
zed. In the second study, these investigators showed that medically treated pa-
tients who had greater than 20% of the total myocardium rendered ischaemic 
had a higher annual cardiac death rate (6.7%) compared with 2.0% for patients 
with this degree of extensive ischaemia who underwent revascularization. For 
patients with 10% or less of the total myocardium rendered ischaemic, there 
was no difference in outcome between medical therapy and revascularization 
[14, 15, 16].  

Exercise myocardial perfusion imaging is a valuable adjunct for separa-
ting high to low risk patients who present symptoms consistent with stable 
CAD, or in patients who have known disease and in whom further prognosti-
cation is warranted. Multiple high-risk nuclear imaging variables can be identi-
fied, and the greater the extent of exercise/induced ischaemia, the greater the 
risk of cardiac events. Adjunctive variables, such as transient ischaemic cavity 
dilatation and functional assessment with evaluation of regional wall thickening 
or wall motion and left ventricular ejection fraction greatly assist in the risk 
stratification process [7, 8, 11].  

Recent evidence in large patient cohorts has revealed that factors esti-
mating the extent of left ventricular dysfunction (left ventricular ejection frac-
tion, extent of infarcted myocardium, transient ischaemic dilatation of the left 
ventricle and increasing lung uptake) are excellent predictors of cardiac morta-
lity [14, 15, 16]. However, measurements of inducible ischaemia are the best 
predictors of the development of acute coronary syndromes. Several reports 
have shown that nuclear testing yields incremental prognostic value over clini-
cal information with respect to cardiac death, or the combination of cardiac 
death and nonfatal myocardial infarction as isolated endpoints [3, 4, 6, 11, 14]. 
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Now it is possible to tailor the therapeutic decision-making for an individual pa-
tient based on a combination of clinical factors and nuclear scan results. Patients 
with severe perfusion abnormalities on their stress image may have a five- to ten-
fold higher likelihood of cardiac death versus patients with a normal myocardial 
perfusion SPECT. If the defects perfusion is determined as a culprit lesion, 
invasive therapy (PCI) is an optimized outcome for that patient [11, 14, 15, 17].  
 
 

Conclusion 
 

DipyEX MPI with the two created indices SRS and ISRS significantly 
improves sensitivity, specificity, and accuracy for determination and localiza-
tion of culprit lesions in patients undergoing elective PCI.  
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Р е з име  
 

ODREDUVAWE NA "CULPRIT" LEZII  
SO MIOKARDNA PERFUZIONA SCINTIGRAFIJA  

KAJ PACIENTI KOI SE PODLO@UVAAT  
NA ELEKTIVNA PERKUTANA KORONARNA  

INTERVENCIJA 
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A p s t r a k t: Celta na studijata be{e da se odredi i lokalizira 
"culprit" lezija so miokardna perfuziona scintigrafija (MPS) kaj stesnu-
vawe na koronarna arterija (> 75%) angiografski doka`ana.  

Materijal i metodi: Bea ispituvani 132 pacienti  so koronarna 
arteriska bolest. Kaj site pacienti najdovme stesnuvawe na najmalku edna 
koronarna arterija od > 75% i izvedovme MPS so 99mTc-MIBI, сo farmako-
lo{ki dipiridamolski stres test i nisko nivo na optovaruvawe so velo-
siped na 50W. Izmerivme relativna zadr{ka na 99mTc-MIBI za sekoj mio-
karden segment so koristewe na tomograma so kratka oska. Pet bodoven 
"scoring" sistem be{e koristen za odreduvawe na razlikata na zadr{kata na 
izotopot vo rest i stres studijata za sekoj segment, i bea odreduvani in-
deksite: Sum reversibility score (SRS), Index of sum reversibility score (ISRS).  

Rezultati: Vkupno 396 vaskularni teritorii (2 244 segmenti) bea 
analizirani pred izveduvaweto na elektivnata perkutana koronarna 
intervencija. Be{e dobiena senzitivnost, specifi~nost i to~nost 90,2%, 
87,5% i 89,4%, koga be{e koristen SRS, i pozitivna prediktivna vrednost 
od 94,1%. Senzitivinosta, specifi~nosta i to~nosta be{e: 94,4%, 90,6%, 
93,2%, a pozitivnata predikativna vrednost 95,7%, koga se koriste{e ISRS. 
 
Klu~ni zborovi: MPI, коронарна ангиографија, "Culprit" lezii, елективна 
perkutana koronarna intervencija. 
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