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The SYNTAX Score and Distal Embolization during 
Primary Percutaneous Coronary Intervention
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Introduction: Multivessel disease, as well as complex coronary anatomy - characterized by high values of the SYNTAX score - has a major 
impact on reperfusion and patients' prognostic after an acute myocardial infarction with ST segment elevation (STEMI). Distal embolization, 
one of the main procedural complications of primary percutaneous coronary intervention (pPCI) could explain this association. However, the 
relationship between the SYNTAX score and distal embolization has not been studied till now.
Material and methods: A prospective clinical study was performed including all of the cases admitted with STEMI between january 1, 2011 
and December 31, 2011. The SYNTAX scores were calculated and distal embolization was appreciated using the recordings of emergency 
coronary angiographies and pPCI procedures. Statistical analysis was performed, if the SYNTAX score values were higher or not in the cases 
with distal embolization. 
Results: One hundred and thirty-seven patients were enrolled in the study. Distal embolization was present in 45 cases (32.8%); the calcu-
lated SYNTAX score values (range: 3 to 42) were significantly higher in these patients (p=0.0035).
Conclusion: Complex coronary anatomy, defined by higher SYNTAX score values, seems to be a contributing factor to distal embolization, 
determining a negative influence on myocardial reperfusion and subsequently on the prognosis of STEMI.
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Introduction
The widespread use of primary percutaneous coronary 
intervention (pPCI) dramatically improved the clini-
cal outcomes after an acute myocardial infarction with 
ST segment elevation (STEMI), becoming the preferred 
treatment of this condition [1]. However, the invasive me-
chanical reperfusion strategies have their own complica-
tions; one of the most important of them is periprocedural 
embolization of thrombotic-atherosclerotic debris in the 
coronary territories situated distally to the culprit lesion. 
Distal embolization is associated with poor myocardial 
reperfusion and its consequences such as larger enzymatic 
infarct size, lower left ventricular ejection fraction and in-
creased long term mortality [2,3].

The negative impact of multivessel disease on myo-
cardial reperfusion and on clinical outcomes of pPCI is 
well documented [4,5,6]. One of the possible explications 
would be the greater incidence of distal embolization in 
patients with more complex disease. At the time of emer-
gency coronary angiography, a precise description of the 
coronary anatomy is obtained. The SYNTAX score, origi-
nally developed to appreciate the complexity of coronary 
artery disease in patients with chronic three-vessel and/or 
left main stem disease [7,8], was recently shown to corre-
late well with myocardial reperfusion [9], as well as prog-
nosis and major adverse cardiovascular events after STEMI 
[10,11]. A possible association of distal embolization and 
the SYNTAX score has not been evaluated till now.

Material and method
As a part of a prospective clinical study, we analyzed the 
emergency coronary angiography and pPCI recordings of 
all cases admitted with STEMI in the Center of Cardiovas-
cular Diseases, Târgu Mureş between 2011 January 01 and 
2011 December 31. Subjects who met the following inclu-
sion criteria were eligible: acute ischemic chest pain lasting 
at least 30 minutes, associated with ≥1 mm ST segment 
elevation in ≥2 contiguous electrocardiographic leads, pri-
mary PCI as reperfusion therapy performed in the first 24 
hours after symptom onset. During primary PCI standard 
interventional techniques (including manual thrombus 
aspiration, direct stent deployment, balloon pre- and/or 
postdilatation – as considered by the operator) and con-
temporary medication (aspirin, clopidogrel, unfractionat-
ed heparin and occasionally glycoprotein IIb/IIIa blocking 
agents) were used. Distal embolization was defined as an 
angiographically visible filling defect with a blunt “cut-off” 
at the level of a coronary branch situated distally to the le-
sion responsible for the acute event (Figure 1). 

Multivessel disease was defined as ≥50% stenosis of 
at least one branch with diameter ≥1.5mm of minimum 
two different coronary arteries (left anterior descending, 
left circumflex or right coronary artery). Isolated left main 
stem disease was also considered multivessel involvement.

The SYNTAX score was calculated for each patient on 
the basis of the diagnostic coronary angiography, (i.e. be-
fore performing the intervention) using the Version 2.11 
of the SYNTAX Score calculator (available online at www.
syntaxscore.com). In summary, all coronary lesions with a 
diameter stenosis of ≥50% in any vessel with a diameter 
≥1.5mm receive a separate score. A multiplication factor of 
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2 is used for stenoses 50–99% and 5 for total occlusions. All 
other adverse lesion characteristics considered in the SXS 
have an additive value (localization within the coronary 
artery tree, presence of a trifurcation or bifurcation, ves-
sel angulation, aorto-ostial lesions, severe tortuosity, long, 
calcified and thrombotic lesions and “diffuse” disease) [8].

Statistical analysis
After data collection, statistical analysis was performed using 
the Version 3.1 of the GraphPad InStat software. Gaussian 
distribution of the obtained data was evaluated using the 
Kolmogorov-Smirnov test. We compared the medians of the 
SYNTAX scores calculated for the patients with and without 
distal embolization using the Mann-Whitney U-test. The as-
sociation between multivessel disease and distal embolization 
was evaluated with Fisher’s exact test. A probability value of 
<0.05 was considered significant; all tests were two-tailed.

Ethical considerations
The study was approved by the Ethics Committee of the Tar-
gu Mures Emergency County Hospital, Romania and was 
performed in the accordance with standards of the Declara-
tion of Helsinki. All study participants consented to use their 
clinical data for hospital research, and patients with a cer-
tain diagnosis of STEMI upon hospital admission were pro-
vided additional details about this particular study. Written 
informed consent was obtained from each patient or legal 
representatives. No procedures beyond the standard of care 
were performed specifically for the purposes of this study.

Results 
One hundred and thirty-seven patients fulfilled the inclu-
sion criteria during the enrolling period. Baseline demo-
graphic, clinical and paraclinical characteristics of the sub-
jects are shown in table 1. 

Angiographically visible distal embolization was pre-
sent in 32.8% of patients. Multivessel disease, found to be 
present in 50.3% of cases, was not significantly associated 
with distal embolization, however, there was a trend ob-
served to this direction (p=0.0688; Figure 2). 

Fig. 1. Distal embolization visible in the main postero-lateral 
branch after implantation of a stent in the second segment of the 
right coronary artery (arrow).
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Fig. 2. Distal embolization and multivessel disease. The dif-
ference between the patient groups does not reach statistical 
significance. DE – distal embolization; MVD – multivessel disease; 
SVD – single vessel disease.
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Fig. 3. Distal embolization is associated with higher SYNTAX 
score values in patients with ST-segment elevation acute myocar-
dial infarction. DE – distal embolization.

Table I. Clinical, electrocardiographic and angiographic charac-
teristics of the enrolled patients. Values are N (%), unless other-
wise stated. 

Age (years±SD) 61.6±11.5

Male (%) 88 (64.2)

Hypertension (%) 92 (67.1)

Diabetes mellitus (%) 29 (21.1)

Current smoking (%) 63 (45.9)

Obesity defined as BMI≥30 (%) 34 (24.8)

Dyslipidemia 67 (48.9)

Ischemic time (hours, median) 5.0

Killip class >1 at admission 25 (18.2)

Cardiac arrest at admission 17 (12.4)

Anterior localization of STEMI 55 (40.1)

Multivessel disease 69 (50.3)

Distal embolization 45 (32.8)

Pre-PCI SYNTAX score (median) 16.0

BMI – body mass index; PCI – percutaneouscoronary intervention SD – standard deviation; 
STEMI – ST segment elevation myocardial infarction
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The calculated SYNTAX scores ranged between 3 to 
42, with a non-Gaussian distribution (median=16). In the 
group with distal embolization the median SYNTAX score 
was significantly higher than in patients without this com-
plication (19.5 vs 14, p=0.0035; Figure 3). 

Discussions
The exact mechanisms responsible for the negative influence 
of multivessel disease on myocardial reperfusion are less 
known. Some of the possible explications are more exten-
sive atherosclerosis, represented for example by the presence 
of chronic total occlusion(s) [5], more accentuated systemic 
inflammation [12], as well as distal embolization with sub-
sequent capillary sludge formation [4]. This last condition 
can be identified with an incidence of 6.3% to 30.5% dur-
ing pPCI and is clearly associated with major adverse car-
diovascular events and higher long term mortality [2,3,13]. 
The relationship between multivessel coronary disease and 
the phenomenon of distal embolization is not clear; Hirsch 
et al. described only a trend toward this direction [2], a 
finding also confirmed in the present study. To the best 
of our knowledge, no significant association was demon-
strated between the two entities till now. However, the term 
“multivessel” could be misleading: in different studies there 
are multiple definitions, and does not mean necessarily a 
complex anatomy. Two focal stenoses on different coronary 
branches, as well as multiple chronic occlusions and left 
main stem disease are also considered multivascular involve-
ment, but the clinical significance of these angiographically 
described conditions is much different [14]. 

Originally, the SYNTAX score was designed to grade 
the complexity of stable coronary artery disease. Higher 
values of this score, reflecting a more challenging coronary 
anatomy for the interventional cardiologist, also predict a 
worse prognosis after STEMI [10,11]. This may be partial-
ly caused by a reduced myocardial reperfusion, as expressed 
by poor resolution of the ST segment elevation after pPCI 
in patients with higher SYNTAX scores [9]. 

Our study suggests an association between the complex-
ity of coronary anatomy and the occurrence of postproce-
dural distal embolization, and this could at least partially 
explain the observed prognostic significance of the SYN-
TAX score in the setting of acute myocardial infarction.

Conclusions 
Complex coronary anatomy, defined by higher SYNTAX 
score values, seems to be a contributing factor to distal em-
bolization, determining a negative influence on myocardial 
reperfusion and subsequently on the prognosis of STEMI.

Abbreviations
BMI Body Mass Index
DE Distal Embolization
MVD Multivessel Disease
PCI Percutaneous Coronary Intervention
pPCI primary Percutaneous Coronary Intervention 

SD Standard Deviation
STEMI Acute Myocardial Infarction with ST Segment  
 Elevation
SVD Single Vessel Disease
SXS Syntax Score

Competing interests
The authors have no competing interests to declare.

Acknowledgement
This paper is partly supported by the Sectorial Opera-
tional Programme Human Resources Development (SOP 
HRD), financed from the European Social Fund and by 
the Romanian Government under the contract number 
POSDRU/89/1.5/S/64331.

References
1. Van de Werf F, Bax J, Betriu A, Blomstrom-Lundqvist C, Crea F, Falk V, 

Filippatos G, Fox K, Huber K, Kastrati A, Rosengren A, Steg PG, Tubaro M, 
Verheugt F,Weidinger F, Weis M; ESC Committee for Practice Guidelines 
(CPG) – Management of acute myocardial infarction in patients presenting 
with persistent ST-segmentelevation: the Task Force on the Management 
of ST-Segment Elevation Acute Myocardial Infarction of the European 
Society of Cardiology. Eur Heart J. 2008, 29:2909-2945.

2. Henriques JPS, Zijlstra F, Ottervanger JP, de Boer MJ, van't Hof AW, 
Hoorntje JC, Suryapranata H – Incidence and clinical significance of distal 
embolization during primary angioplasty for acute myocardial infarction. 
Eur Heart J 2002, 23:1112-1117.

3. Fokkema ML, Vlaar PJ, Svilaas T, Vogelzang M, Amo D, Diercks GF, 
Suurmeijer AJ, Zijlstra F – Incidence and clinical consequences of distal 
embolization on the coronary angiogram after percutaneous coronary 
intervention for ST-elevation myocardial infarction. Eur Heart J. 2009, 
30:908-915.

4. Sorajja P, Gersh BJ, Cox DA, McLaughlin MG, Zimetbaum P, Costantini 
C, Stuckey T, Tcheng JE, Mehran R, Lansky AJ, Grines CL, Stone GW 
– Impact of multivessel disease on reperfusion success and clinical 
outcomes in patients undergoing primary percutaneous coronary 
intervention for acute myocardial infarction. Eur Heart J 2007, 28:1709-
1716.

5. Moreno R, Conde C, Perez-Vizcayno MJ, Villarreal S, Hernandez-Antolin 
R, Alfonso F, Bañuelos C, Angiolillo DJ, Escaned J, Fernandez-Ortiz A, 
Macaya C – Prognostic impact of a chronic occlusion in a noninfarct 
vessel in patients with acute myocardial infarction and multivessel disease 
undergoing primary percutaneous coronary intervention. J Invasive Cardiol 
2006, 18:16-19.

6. Rasoul S, Ottervanger JP, de Boer MJ, Dambrink JH, Hoorntje JC, Marcel 
Gosselink AT, Zijlstra F, Suryapranata H, van 't Hof AW; Zwolle Myocardial 
Infarction Study Group. – Predictors of 30-day and 1-year mortality after 
primary percutaneous coronary intervention for ST-elevation myocardial 
infarction. Coron Artery Dis. 2009, 20:415-421.

7. Sianos G, Morel MA, Kappetein AP, Morice MC, Colombo A, Dawkins K, 
van den Brand M, Van Dyck N, Russell ME, Mohr FW, Serruys PW – The 
SYNTAX Score: an angiographic tool grading the complexity of coronary 
artery disease. EuroIntervention 2005, 1:219-227.

8. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack 
MJ, Ståhle E, Feldman TE, van den Brand M, Bass EJ, Van Dyck N, 
Leadley K, Dawkins KD, Mohr FW; SYNTAX Investigators – Percutaneous 
coronary intervention versus coronary-artery bypass grafting for severe 
coronary artery disease. N Engl J Med 2009, 360:961-972.

9. Hadadi L, Somkereki C, Scripa E, Tilea I, Dobreanu D. Coronary anatomy 
and Reperfusion Success in Acute Myocardial Infarction with ST Segment 
Elevation. Acta Med Marisiensis 2011, 57:198-201.

10. Garg S, Sarno G, Serruys PW, Rodriguez AE, Bolognese L, Anselmi M, 
De Cesare N, Colangelo S, Moreno R, Gambetti S, Monti M, Bristot L, 
Bressers M,Garcia-Garcia HM, Parrinello G, Campo G, Valgimigli M; 
STRATEGY and MULTISTRATEGY Investigators. Prediction of 1-year 
clinical outcomes using the SYNTAX score in patients with acute ST-
segment elevation myocardial infarction undergoing primary percutaneous 
coronary intervention: a substudy of the STRATEGY (Single High-Dose 
Bolus Tirofiban and Sirolimus-Eluting Stent Versus Abciximab and 
Bare-Metal Stent in Acute Myocardial Infarction) and MULTISTRATEGY 



396 Hadadi L et al.

(Multicenter Evaluation of Single High-Dose Bolus Tirofiban Versus 
Abciximab With Sirolimus-Eluting Stent or Bare-Metal Stent in Acute 
Myocardial Infarction Study) trials. JACC Cardiovasc Interv 2011, 4:66-75.

11. Magro M, Nauta S, Simsek C, Onuma Y, Garg S, van der Heide E, van der 
Giessen WJ, Boersma E, van Domburg RT, van Geuns RJ, Serruys PW 
– Value of the SYNTAX score in patients treated by primary percutaneous 
coronary intervention for acute ST-elevation myocardial infarction: The MI 
SYNTAXscore study. Am Heart J. 2011, 161:771-781.

12. Blancke F, Claeys MJ, Jorens P, Vermeiren G, Bosmans J, Wuyts FL, 
Vrints CJ – Systemic inflammation and reperfusion injury in patients with 

acute myocardial infarction. Mediators Inflamm 2005, 6:385-389.
13. Dong-bao L, Qi H, Zhi L, Shan W, Wei-ying J – Predictors and short-

term prognosis of angiographically detected distal embolization after 
emergency percutaneous coronary intervention for ST-elevation acute 
myocardial infarction. Clin Res Cardiol. 2009 98:773-779.

14. Serruys PW, Onuma Y, Garg S, Sarno G, van den Brand M, Kappetein 
AP, Van Dyck N, Mack M, Holmes D, Feldman T, Morice MC, Colombo 
A, Bass E, Leadley K, Dawkins KD, van Es GA, Morel MA, Mohr FW. – 
Assessment of the SYNTAX score in the Syntax study. EuroIntervention 
2009, 5:50-56.


