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Abstract
Objective. The SYNTAX trial was designed to evaluate whether multivessel disease patients could benefit from percutaneous 
or surgical revascularization using a paclitaxel eluting stents, but after the introduction of second generation stents, this score 
needs to be reevaluated. The aim of our study was to analyze the association between SYNTAX score and the prognosis of mul-
tivessel patients submitted to percutaneous coronary intervention (PCI) and second generation everolimus eluting stents (EES) 
implantation. Materials and Methods. Data on 289 patients with multivessel coronary artery disease submitted to PCI with EES 
were stored in a dedicated database and retrospectively analyzed. During a mean follow-up period of 14.4±6.4 months, major 
adverse cardiac and cerebrovascular events (MACCE) including death from any cause, myocardial infarction, target lesion 
revascularization (TLR) and stroke, were systematically assessed. Results. The incidence of MACCE at follow-up was 13.1%; 
death from any cause occurred in 19 patients (6.6%) and myocardial infarction in 9 patients (3.1%). TLR was detected in 2.7% of 
patients and stroke was observed in 2 patients. The SYNTAX score did not prove to be an independent predictor of overall death 
at multivariable analysis. Conclusion. At mid-term follow-up, the incidence of MACCE in multivessel disease patients submit-
ted to PCI and EES implantation was low; no significant association was found between SYNTAX score severity and MACCE at 
follow-up, suggesting that it should be modified after the introduction of EES. 

Key Words: Multivessel Disease  Percutaneous Coronary Intervention  SYNTAX Trial  Dual Antiplatelet Therapy  Out-
come.

Clinical Science

Introduction
Revascularization treatments for patients with com-
plex coronary lesions are continuously evolving and 
new scores to choose the best approach for revascu-
larization have been investigated. Despite this, the 
indications for coronary revascularization continue 
to be debated between interventional cardiologists 
and surgeons, who have experience with new drug-
eluting stents (DES) and percutaneous coronary 
intervention (PCI) techniques, as well as new coro-
nary artery bypass graft (CABG) strategies, in their 
daily practice. In the Synergy between PCI with 
Taxus and Cardiac Surgery  (SYNTAX) trial (1) PCI 
with paclitaxel eluting stents (PES) was compared 
to CABG as the primary treatment option for pa-
tients with de novo coronary three-vessel disease, 

and/or left main (LM) disease. CABG resulted in 
significantly more favourable outcomes for the inci-
dence of target lesion revascularization (TLR), and 
major adverse cardiac and cerebrovascular events 
(MACCE), after twelve months in patients with a 
SYNTAX score ≥33 (2). The SYNTAX score is a 
tool to characterize coronary anatomy on the basis 
of nine anatomical criteria, including the number, 
the site and the complexity of coronary lesions, ob-
taining a score for each lesion and an overall score 
for each patient. The score obtained is divided into 
three classes [low (≤22), intermediate (23-32) and 
high (≥33)].  Apart from patients with low SYN-
TAX score (≤22) for whom PCI is preferred over 
CABG, for patients with a SYNTAX score of 23-32, 
the SYNTAX trial does not furnish strict recom-
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mendations, reporting only a higher, though not 
significantly, incidence of MACCE in PCI patients 
(16.7% versus 12.4% in CABG patients) (1). Recent 
data reporting the 5 year follow-up of this trial have 
shown that in patients with a SYNTAX score higher 
than 22, CABG with respect to PCI demonstrated 
clear superiority in terms of MACCE, death, MI, 
and repeat revascularization (3). Nevertheless, pre-
vious studies demonstrated that the introduction of 
everolimus eluting stents (EES) has been associated 
with a reduction in events with respect to PES (4-6), 
suggesting that the use of the anatomical SYNTAX 
score needs to be reevaluated. Moreover, in a wide 
open-label randomized trial, PCI with EES in pa-
tients with multivessel coronary artery disease was 
not inferior in respect to CABG, despite a similar 
anatomical SYNTAX score (7). 

In addition to this, other SYNTAX derived scores 
have been developed in the last few years to better 
guide decision-making between CABG and PCI, that 
combine the anatomical SYNTAX score with other 
clinical variables (8, 9) and have been demonstrated 
superior to the purely angiographic score (10, 11).

The aim of our study was to evaluate the associa-
tion between the SYNTAX score and the outcome 
of 289 unselected multivessel patients, consecutively 
submitted to PCI and EES implantation in the Gen-
eral Cardiology Unit of the Department of Cardio-
vascular and Thoracic Medicine of the Azienda Os-
pedaliero-Universitaria Careggi in Florence (Italy).

Material and Methods
Patient Population and Study Design 

In our study we analyzed the data of 349 patients 
with multivessel coronary artery disease who 
were admitted to the General Cardiology Unit of 
the Department of Cardiovascular and Thoracic 
Medicine of the Azienda Ospedaliero-Univer-
sitaria Careggi in Florence (Italy) from January 
2010 to December 2010 for stable angina (SA) 
(N=88), non-ST acute coronary syndrome (NST-
ACS) (N=182) or ST elevation myocardial infarc-
tion (STEMI) (N=79). Among these, 289 patients 
(83%) underwent PCI and 60 (17%) CABG, and 
the latter were excluded from the analysis, which 
was based on PCI patients alone. The selection 

of patients for CABG was based not only on the 
SYNTAX score (mean 43.8±10.3) but also on 
clinical and instrumental assessment, taking into 
consideration the presence of a concomitant val-
vulopathy, the possible contraindications to dual 
antiplatelet therapy (DAPT), or the presence of 
comorbidities. The clinical, biohumoral and an-
giographic data of multivessel patients submitted 
to PCI were collected and stored in a dedicated da-
tabase and analyzed retrospectively. In particular, 
data on gender, age, arterial hypertension, obesity 
(defined as a body mass index >30 Kg/m2), diabetes 
mellitus, dyslipidemia, smoking habit, chronic ob-
structive pulmonary disease, and a family history of 
cardiovascular disease were collected. The presence 
of peripheral arteriopathy was diagnosed by means 
of Doppler ultrasound. Renal failure was defined 
as an estimated glomerular filtration rate (eGFR) 
<30 ml/min measured using Cockroft-Gault equa-
tion. The EuroSCORE I was calculated as previ-
ously reported (12). Doppler echocardiography was 
performed in all patients to exclude the presence of 
severe valvulopathy, as well as to evaluate left ven-
tricular ejection fraction. Blood chemistry included 
the measurement of troponin I, CK-MB, creatine 
phosphokinase and creatinine values.  

Coronary angiography and PCI were performed 
as previously described according to the Interna-
tional Guidelines (13); in the majority of patients 
(92.3%) radial access was employed. In 104 patients 
(35.9%), PCI was staged in several sessions depend-
ing on lesion complexity, hemodynamic status or as-
sociated renal failure; exclusively Xience V everoli-
mus stents were implanted in all patients. This kind 
of stents was the only second generation stent avail-
able in our hospital during the study period. 

Chronic total occlusion (CTO) was defined as 
the complete occlusion of the vessel by heavy ath-
erosclerotic plaque that had been present for at least 
3 months. Vessels with CTO were treated with PCI 
only after demonstration of ischemia viability in the 
segment of the myocardium supplied by the index 
vessel, and in the presence of favourable anatomi-
cal characteristics. A revascularization was defined 
“complete” if all stenotic vessels ≥2.5 mm were re-
vascularized (anatomic revascularization) (14).
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SYNTAX Score Calculation

The SYNTAX score is a tool to characterize coro-
nary anatomy on the basis of nine anatomical cri-
teria, including the number, the site and the com-
plexity of coronary lesions, obtaining a score for 
each lesion and an overall score for each patient 
(1). The score is given by the sum of the scores of 
each individual lesion >50% in vessels with a di-
ameter >1.5 mm. The coronary tree is divided into 
16 segments based on the AHA classification. Each 
segment is assigned a score of 1 or 2 which is based 
on the presence or absence of atherosclerotic dis-
ease, and this score is weighed on the location of 
the disease in the different coronary segments 
(from 3.5 for the proximal left anterior descending 
to 5.0 for the left main). Vessels less than 1.5 mm 
in diameter are not included in the score calcula-
tion. A multiplication factor of x 2 is used for non-
occlusive and x 5 for total occlusions, reflecting 
the difficulty of the angioplasty revascularization 
procedure. The computerized algorithm calculates 
the total score based on 12 main questions that can 
be divided into two groups. The first three ques-
tions determine the coronary dominance, the total 
number of lesions and the coronary segments in-
volved. The other nine questions refer to the mor-
phological characteristics of the lesions and are 
repeated for each lesion. For example, one point 
is given for bifurcations of type A, B or C, 2 points 
for D, E, F, or G, and one point is given for bifurca-
tion angles greater than 70°. The scores obtained 
with the SYNTAX score can be divided into 3 
classes, [low (≤22), intermediate (23-32) and high 
(≥33)]. A high SYNTAX score, indicating a more 
complex coronary picture, suggests the high risk 
of submitting the patient to a mechanical revascu-
larization strategy, and is related to a poor progno-
sis (therefore CABG is better), while a low score 
favours PCI. An important feature of the score is 
that it is weighed exclusively on anatomical lesion 
criteria, and a separate score is calculated for each 
lesion. The total score is then calculated from the 
sum of the individual scores.   

Antiplatelet Therapy and Other Therapeutic 
Measures

All patients received a loading dose of acetilsalycil-
ic acid (ASA) 325 mg and clopidogrel 300 mg the 
day before the PCI in the elective procedures, and a 
loading dose of ASA 325 mg and clopidogrel 600 mg 
in the catheterization laboratory for urgent PCI. Af-
ter the procedure, all patients were treated with ASA 
100 mg/day and clopidogrel 75 mg/day. Moreover, 
in these patients platelet aggregation was evaluated 
with Light Transmittance Aggregometry (LTA) in-
duced by ADP (10 micromol/L) and arachidonic 
acid (2 mmol/L) in platelet rich plasma, in order to 
estimate the Residual Platelet Activity (RPA) on anti-
platelet therapy (15). Responders were identified by 
a RPA <70% for ADP and <20% for arachidonic acid 
(15). Non-responder patients were switched from 
clopidogrel to prasugrel (that was the only alterna-
tive P2Y12 receptor inhibitor available at the time of 
the study), and from ASA 100 mg to a higher dose 
(160-325 mg), as previously reported (16).

To prevent contrast induced nephropathy 
(CIN), elective patients underwent hyper-hydra-
tion with saline solution and intravenous admin-
istration of N-Acetyl Cisteyn 600 mg twice/day. 
Patients affected by Chronic Renal Failure with 
eGFR <30 ml/min were submitted to continuous 
renal replacement therapy (CRRT) before and af-
ter contrast medium administration (13).

All patients gave their informed consent for 
participation in the study, and all the procedures 
followed were in accordance with the ethical stan-
dards of the responsible committee on human ex-
perimentation, and with the Helsinki Declaration 
of 1975, as revised in 1983.

Follow-Up

Clinical follow-up was scheduled at 1, 6 and 12 
months, and performed in all 289 patients (100%) 
by independent research personnel who were un-
aware of the study objectives. During the scheduled 
visit electrocardiography and Doppler echocar-
diography were performed. A stress test was sched-
uled in all patients in the following 6-12 months, 
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and coronary angiography was only performed in 
patients with documented ischemia or those who 
had undergone very complex procedures, or who 
had unequivocal clinical symptoms of angina. In 
case of hospitalization, data were obtained by a 
systematic review of the hospital records.

The primary end-point of the study included 
MACCE, consisting in death from any cause, myo-
cardial infarction, TLR and stroke as in the SYN-
TAX trial, and the secondary end-point included 
cardiovascular death, stable angina, CIN and bleed-
ings, and their correlation with SYNTAX score. 

Data regarding the primary and secondary 
end-points were systematically assessed during a 
mean follow-up period of 14.4±6.4 months.

Myocardial infarction was defined after the de-
tection of a rise and/or fall in cardiac biomarker 
values [preferably cardiac troponin I (TnI)] with at 
least one value above the 99th percentile upper ref-
erence limit and with at least one of the following: 
1) symptoms of ischemia; 2) new or presumed new 
significant ST-segment - T wave changes or new left 
bundle branch block; 3) development of pathologi-
cal Q waves in the ECG; 4) imaging evidence of new 
loss of viable myocardium or new regional wall mo-
tion abnormality; 5) identification of an intracoro-
nary thrombus by angiography or autopsy (17). 

TLR was defined as a PCI of the target lesion due 
to restenosis or re-occlusion within the stent or in 
an adjacent segment of 5 mm distally or proximally 
to the edges of the stent (18). Stroke was defined as 
rapidly developing clinical signs of focal (or glob-
al) disturbance of cerebral function, lasting more 
than 24 hours or leading to death, with no apparent 
cause other than that of vascular origin. Cardiovas-
cular death was defined as death resulting from an 
acute myocardial infarction, sudden cardiac death 
or death due to heart failure, stroke, cardiovascu-
lar procedures, cardiovascular haemorrhage, and 
to other cardiovascular causes. Stable angina was 
defined as chest pain or discomfort occurring most 
often with activity or emotional stress. 

CIN was defined as a 25% increase in creatinine 
compared to its baseline value after PCI. Major 
bleedings were classified according to TIMI criteria 
as a decrease in haemoglobin >5 g/dl or at least 15% 

in haematocrits; minor bleedings were classified 
according to TIMI criteria as a decrease in haemo-
globin >3 g/dl or at least 10% in hematocrits (19). 
Follow-up data were obtained either by hospital re-
cords or by phone by two physicians unaware of the 
patients’ in-hospital course, and were verified by the 
Registry Office of the Florence Health Authority.

Statistical Analysis

Data were stored in a dedicated database and ana-
lyzed with the IBM-SPSS 20.0 statistical package 
(SPSS Inc. Chicago, IL, USA). Continuous variables 
were tested for normality with the Kolmogorov-
Smirnov one sample test, and reported as mean 
± SD or median and interquartile range when ap-
propriate. Categorical variables were expressed as 
frequency and/or percentage. Between-group com-
parisons were performed with Student’s t and chi-
square (or Fisher’s when needed) tests, respectively. 
A two-tailed p-value less than 5% was considered 
significant. Unadjusted OR and their relative 95% 
confidence intervals for the occurrence of MAC-
CE were calculated either considering a one unit 
step increase in the SYNTAX score and different 
classes of SYNTAX score [class 2 (23-32) vs. class 
1 (≤22), class 3 (≥33) vs. class 1 (≤22) and class 3 
(≥33) vs. class 2 (23-32)] for each cardiovascular 
event. Outcomes which were significantly associ-
ated with SYNTAX score (one unit step increase) at 
univariate analysis were further adjusted at multi-
variable analysis for clinical, angiographic and lab-
oratory data related to the antiplatelet response sig-
nificantly associated with the outcome examined 
at univariate analysis. Multivariable analysis was 
performed to evaluate the independent association 
between adverse events significanly associated 
with the SYNTAX score at univariate analysis, and 
other clinical, angiographic and laboratory data 
significantly associated with the outcome analyzed 
at univariate analysis. Considering overall death as 
an independent variable, we adjusted the analysis 
for renal dysfunction, EuroSCORE I and response 
to ADP. Taking into account the number of events 
(19 overall deaths occurred at follow-up) only 
two predictors were added simultaneously to the 
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model of multivariable analysis. A ROC curve was 
built to evaluate the value of SYNTAX score with 
a higher specificity/sensitivity ratio in predicting 
cardiovascular events.

Results

The baseline clinical characteristics of patients 
submitted to PCI and analyzed in the study are re-
ported in Table 1. 

Table 1. Baseline Clinical and Laboratory Characteristics with Data Related to Response to Standard Antiplatelet Therapy 
of Multivessel Patients Submitted to PCI

Characteristics PCI patients  (N=289)

Age (years), mean ± SD 69 ± 11

Male gender, N (%) 219 (75.8)

Admission diagnosis, N (%)

STEMI 73 (25.3)

ACS 142 (49.1)

Stable angina 74 (25.6)

Cardiovascular risk factors, N (%)

Arterial hypertension 215 (74.4)

Obesity (BMI >30 kg/m2) 37 (12.8)

Diabetes mellitus 93 (32.2)

Dyslipidemia 149 (51.6)

Smoking habit 152 (52.6)

Family history of cardiovascular disease 101 (34.9)

Comorbidities

Peripheral arteriopathy, N (%) 118 (40.8)

Renal failure (eGFR <30 ml/min), N (%) 23 (8.0)

COPD, N (%) 33 (11.4)

EuroSCORE I, median (25th-75th percentile) 9.61 (0.88; 59.33)

Clinical history, N (%)

Heart failure 32 (11.1)

Associated valvulopathy 4 (1.3)

Previous MI 57 (19.7)

Previous PCI 89 (30.8)

Blood chemistry

TnI peak (mcg/L), median (25th-75th percentile) 5.29 (0.67 – 43.76)

CK-MB peak (ng/mL), median (25th-75th percentile) 16.6 (4.25 – 76.65)

CPK peak (U/L), median (25th-75th percentile) 346.0 (120.5 – 1109.0)

Creatinine (mg/dL), mean ± SD 1.4 ± 0.6

Response to antiplatelet therapy

Response to ADP, N (%)

RPA >70% (responder to clopidogrel) 234 (80.9)

RPA <70% (not responder to clopidogrel) 55 (19.0)

Shift to Prasugrel, N (%) 53 (18.3)

Response to Arachidonic Acid, N (%)

RPA < 20% (responder to ASA) 210 (72.6)

RPA > 20% (not responder to ASA) 79 (27.3)

Shift to higher-dose aspirin, N (%) 27 (9.3)

Continuous variables are presented as mean ±1 SD or median (25th-75th percentile); discrete variables are presented as N (percentage). PCI=Percutaneous coro-
nary intervention; STEMI=ST elevation myocardial infarction; ACS=Acute coronary syndrome; BMI=Body mass index; COPD=Chronic obstructive pulmonary 
disease; eGFR=estimated Glomerular filtration rate; MI=Myocardial infarction; TnI=Troponin I; CK-MB=Creatine phosphokinase-MB; CPK=Creatine phosphoki-
nase; ADP=Adenosine diphosphate; RPA= Residual platelet activity; ASA=Acetylsalicylic acid.
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Table 2 shows the angiographic characteristics 
of patients who underwent PCI. About 70% of pa-
tients had a SYNTAX score higher than 22; 62% of 
patients had three vessel disease and left main was 
involved in 7.9% of patients. Complete revascu-
larization was obtained in a high percentage of pa-
tients (86.5%). In 21 out of 49 patients with CTO 
(42.8%), the CTO was not treated with PCI be-
cause of the lack of demonstration of ischemia/vi-
ability in the corresponding myocardial segment. 
In the remaining 28 patients, ischemia/viability 
was demonstrated and 17 of them (60.8%) were 
successfully treated with PCI. Nineteen percent of 
patients showed a high RPA by ADP, and 27.3% 
by arachidonic acid: most of them were shifted to 
prasugrel and/or to a higher dose of ASA to obtain 
a RPA <70% for ADP and <20% for arachidonic 
acid, when not contraindicated. None of the pa-
tients in whom CIN occurred underwent chronic 
hemodialysis. 

During a mean follow-up of 14.4 ±6.4 months, 
the incidence of MACCE (death from any cause, 
myocardial infarction, TLR and stroke) was 13.1% 
and TLR was detected in 2.7% of patients (Table 
1). No patient developed any definite stent throm-
bosis, only one patient (0.3%) presented a pos-
sible stent thrombosis. Moreover, the incidence 
of bleedings was 1.4%, occurring in 4 patients: 2 
patients developed major bleeding and other 2 pa-
tients developed minor bleeding.

No significant differences were observed in the 
clinical, angiographic and laboratory data between 
patients experiencing MACCE and those who did 
not, except for a higher prevalence of severe renal 
dysfunction (P<0.001), higher mean values of the 
EuroSCORE I (P<0.001) and higher values of re-
sidual platelet reactivity by ADP (P=0.011), as an 
index of poor response to clopidogrel, in patients 
in whom MACCE occurred (Table 3).

Moreover, we evaluated the SYNTAX score as 
a predictor of adverse events at univariate analy-
sis (Table 4 Panel A). Considering MACCE as a 
composite end-point we did not observe any re-
lationship with the different classes of the SYN-
TAX score. Accordingly, when we considered 
the single adverse events that composed the pri-

Table 2. Angiographic Data and Adverse Events at Follow-
Up of Multivessel Patients Submitted to PCI

Variables PCI patients N=289

SYNTAX score, mean ± SD 24.52 ±7.18

SYNTAX score classes, N (%)

≤ 22 84 (29.0)

23-32 145 (50.1)

> 33 60 (20.7)

3-vessel disease, N (%) 178 (61.6)

2-vessel disease, N (%) 111 (38.4)

Critical stenoses, N (%)

Total 525 (100)

LM 23 (7.9) 

LAD 193 (66.7)

CX 162 (56.0)

RCA 147 (50.8)

Chronically occluded vessels, N (%)

Total 49 (16.9)

LM 0 

LAD 11 (3.8)

CX 14 (4.8)

RCA 24 (8.3)

Total stents implanted (N) 708

Complete revascularization, N (%) 250 (86.5)

Stents length (mm), mean ± SD 51.32 ± 31.23

Post procedural TIMI flow grade III, N (%) 547 (99.8)

Primary Outcomes, N (%)

MACCE 38 (13.1)

Death from any cause 19 (6.6)

Target lesion revascularization 8 (2.7)

Myocardial infarction 9 (3.1)

Stroke 2 (0.7)

Secondary Outcomes, N (%)

Cardiovascular death 13 (4.5)

Stable angina 19 (6.6)

Contrast induced nephropathy 21 (7.3)

Bleedings 4 (1.4)

Others

Left ventricular ejection fraction (%), 
mean ± SD

48 ±14

Length of hospital stay (days), mean 
± SD

9.0 ± 2.3

Continuous variables are presented as mean (±SD); Categorical variables 
are presented as N (percentage). PCI=Percutaneous coronary intervention; 
LM=Left main; LAD=Left anterior descending artery; CX=Circumflex artery; 
RCA=Right coronary artery; TIMI=Thrombolysis in myocardial infarction; 
MACCE=Major adverse cardiac and cerebrovascular events.
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mary end-point MACCE (death from any cause, 
myocardial infarction, TLR and stroke)  and the 
secondary end-point (stable angina, CIN, cardio-
vascular death and bleedings) comparing patients 
with low-SYNTAX score (0-22) and intermediate 
SYNTAX score (23-32), no significant difference 
in event rates between the two groups was ob-
served. In contrast, when we compared patients 
with  high SYNTAX score (≥33) with patients with 
low SYNTAX score (0-22) we observed a signifi-
cant difference  between the two groups in relation  
to  death from any cause and CIN that was higher 
in patients with SYNTAX score ≥33. Considering 
instead SYNTAX score by unit step increase (Table 
4 Panel B) we observed a significant increase in 
death from any cause and cardiovascular death.

However, at multivariable analysis, EuroS-
CORE I (1 unit step) was shown to be the only 
independent predictor of overall mortality after 
adjustment for renal failure, response to ADP (1% 

step) and SYNTAX score (1 unit step) in a model 
in which variables were added separately (P<0.001 
in comparison with all the variables), while SYN-
TAX score was not shown to be independently 
associated with death from any cause after adjust-
ment for EuroSCORE I (OR 1.05 95%CI 0.98-1.13, 
P=0.179).

Finally, it was possible to identify a cut-off 
value of SYNTAX score by ROC curve analysis, 
under which the risk of adverse events was lower. 
In fact, the best specificity and the best sensitiv-
ity of SYNTAX score to cardiovascular events 
was 29.75 (Figure 1). The ROC curve (outcome: 
MACCE) for SYNTAX score showed an AUC of 
0.68 (95%CI 0.53 to 0.83, P=0.028) with a value 
of 29.75 as the best discriminant (sensitivity 54%, 
specificity 79%).

Table 3. Clinical Data, Angiographic Variables and Antiplatelet Response Values in Relation to Major Cardiac and 
Cardiovascular Events

Variables
No MACCE
N=251 (86.9%)

MACCE
N=38 (13.1%)

P value

Cardiovascular risk factors, N (%)

Arterial hypertension 186 (74.1) 29 (76.3) 0.771

Diabetes mellitus 76 (30.3) 17 (44.7) 0.075

Dyslipidemia 130 (51.8) 19 (50.0) 0.837

Smoking habit 134 (53.4) 18 (47.4) 0.489

Family history of cardiovascular disease 89 (35.5) 12 (31.6) 0.640

Comorbidities

Peripheral arteriopathy, N (%) 36 (14.3) 8 (21.1) 0.283

Renal failure (eGFR <30 ml/min), N (%) 15 (6.0) 8 (21.1) <0.001

Chronic obstructive pulmonary disease, N (%) 26 (10.4) 7 (18.4) 0.145

EuroSCORE I (units), mean±SD 8.29±9.02 18.14±16.00 <0.001

Angiographic data

SYNTAX score (units), mean±SD 24.6±7.1 26.7±8.4 0.169

Left main involvement, N (%) 20 (8.0) 3 (7.9) 0.988

2-vessel disease, N (%) 99 (39.4) 11 (28.9)
0.214

3-vessel disease, N (%) 152 (60.6) 27 (31.1)

Stents implanted (N), mean±SD 1.86±0.95 1.90±1.08 0.865

Antiplatelet therapy, mean±SD

Response to ADP - RPA (%) 49.5±19.3 58.2±17.9 0.011

Response to Arachidonic acid - RPA (%) 20.3±15.0 24.4±18.4 0.142

Continuous variables are presented as mean (± 1 SD); Discrete variables are presented as frequency (percentage). eGFR=estimated Glomerular filtration rate; 
ADP=Adenosine diphosphate; RPA=Residual platelet activity.
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Table 4. Association between Syntax Score, Either Considered by Classes (≤22, 22-32 and ≥33) (Panel A) and by One Unit 
Step Increase (Panel B), and Adverse Events

Panel A

Adverse Events in relation to Syntax Score Classes Unadjusted OR 95%CI P value

MACCE (N=38)

Class 2 (23-32) vs. Class 1 (≤22) 1.01 0.42-2.40 0.982

Class 3 (≥33) vs. Class 1 (≤22) 2.15 0.84-5.52 0.111

Death from any cause (N=19)

Class 2 (23-32) vs. Class 1 (≤22) 2.66 0.56-12.62 0.218

Class 3 (≥33) vs. Class 1 (≤22) 6.50 1.33-31.90 0.021

TLR (N=8)

Class 2 (23-32) vs. Class 1 (≤22) 0.14 0.02-1.24 0.076

Class 3 (≥33) vs. Class 1 (≤22) 0.70 0.12-3.98 0.691

Myocardial Infarction (N=9)

Class 2 (23-32) vs. Class 1 (≤22) 0.85 0.14-5.18 0.858

Class 3 (≥33) vs. Class 1 (≤22) 3.00 0.53-16.98 0.214

Stroke (N=2); NA (only 2 cases observed, all of them in Class 2)

Cardiovascular death (N=13)

Class 2 (23-32) vs. Class 1 (≤22) 4.13 0.50-34.16 0.189

Class 3 (≥33) vs. Class 1 (≤22) 7.75 0.88-68.22 0.065

Stable Angina (N=19)

Class 2 (23-32) vs. Class 1 (≤22) 1.04 0.37-2.94 0.936

Class 3 (≥33) vs. Class 1 (≤22) 0.46 0.09-2.35 0.349

CIN (N=8)

Class 2 (23-32) vs. Class 1 (≤22) 1.96 0.52-7.34 0.318

Class 3 (≥33) vs. Class 1 (≤22) 4.28 1.08-16.92 0.038

Bleedings (N=4)

Class 2 (23-32) vs. Class 1 (≤22) 0.56 0.08-4.06 0.567

Class 3 (≥33) vs. Class 1 (≤22) No bleeding in Class 3

 
Panel B

Adverse Events
PCI pts N=289

Unadjusted OR 95%CI P value
N (%)

MACCE 38 (13.1) 1.04 0.99-1.09 0.115

 Death from any cause 19 (6.6) 1.08 1.02-1.15 0.012

 TLR 8 (2.7) 0.97 0.88-1.08 0.629

 Myocardial Infarction 9 (3.1) 1.06 0.97-1.15 0.206

 Stroke 2 (0.7) 1.03 0.86-1.24 0.755

Cardiovascular  death 13 (4.5) 1.09 1.01-1.17 0.022

Stable Angina 19 (6.6) 0.99 0.93-1.06 0.796

CIN 21 (7.3) 1.06 0.99-1.12 0.062

Bleedings 4 (1.4) 0.87 0.74-1.03 0.111

PCI=Percutaneous coronary intervention; MACCE=Major adverse cardiac and cardiovascular events; TLR=Target lesion revascularization; NA=Not applicable; 
CIN=Contrast induced nephropathy. 
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Figure 1. Analysis by ROC Curve of the Optimal Cut-Off 
Value of SYNTAX Score for the Occurrence of Major Cardiac 
and Cardiovascular Events.

Discussion

The main finding of the present study was that, in 
our study population, the different classes of SYN-
TAX score, as defined in the homonymous trial (1) 
did not result clearly related to the adverse events 
at mid-term follow-up. On univariate analysis, 
when we considered overall MACCE as a com-
posite end-point, we did not observe any relation-
ship with any class of the SYNTAX score. On the 
contrary, when we considered the single adverse 
events that composed MACCE (death from any 
cause, myocardial infarction, TLR and stroke), the 
patients in class 3 showed a higher incidence of 
deaths from any cause in comparison with the pa-
tients in classes 1 and 2. However, on multivariable 
analysis, the SYNTAX score did not prove to be an 
independent predictor of overall mortality at mid-
term follow-up after adjustment for other varia-
bles. It should also be noted that, in our case series, 
overall and cardiovascular mortality were higher 
than that in the SYNTAX trial, and this may have 
several explanations. First, in our study there was 
a higher percentage of acute coronary syndrome 
(ACS) patients than in the SYNTAX trial; about 
75% of patients enrolled were ACS and a quarter 
of them were STEMI, while in the SYNTAX trial 

acute myocardial infarction was an exclusion cri-
teria. Second, our mean follow-up was longer than 
in the SYNTAX trial (14.4 vs. 12 months). Finally, 
in our case series, the high rate of overall death was 
also caused by an increased number of non-cardi-
ovascular deaths including neoplasms, infections 
or fatal traumas. 

Our results are not in agreement with a re-
cent review by Head et al. that found CABG has 
a mortality benefit over PCI, and this was associ-
ated with the anatomical SYNTAX score complex-
ity (20). However, that review included studies in 
which PCI was also performed with bare metal 
stents (26.6%) and first generation DES (39.2%), 
and this might have impacted the outcome un-
favourably; moreover, data from that review also 
demonstrated that 5-year all-cause mortality was 
similar after CABG or PCI, regardless of the de-
gree of anatomical complexity, confirming the pre-
vious results of the EXCEL trial (21). 

Our results also differ from those of Garg et al. 
showing that the SYNTAX score is able to stratify 
risk in a population of patients treated with PCI 
and second generation DES (22). However, the 
percentage of patients with multivessel disease, the  
SYNTAX score cutoff and the type of stent ana-
lyzed were different from those of our study popu-
lation. A second interesting finding of our study is 
that we observed a low incidence of MACCE and 
other complications, such as CIN or major bleed-
ings, at mid-term follow-up.

When we compared our results with those of 
multivessel patients enrolled in the SYNTAX study 
and treated with PCI, we observed that the inci-
dence of TLR and MACCE were significantly lower 
in our study population: 2.7% versus 13.7% and 
13.1% versus 17.8%, respectively. Also comparing 
the subgroups of patients matched for SYNTAX 
score categories, the incidence of MACCE was sig-
nificantly lower than that reported in the SYNTAX 
study: 13.6%, 16.7% and 23.4% in patients with low, 
intermediate and high scores in the SYNTAX trial, 
8.3%, 14.3% and 16.7% in our population. Unlike 
the SYNTAX trial that reported a higher risk of car-
diovascular events in patients with SYNTAX score 
>22, in our study population even patients with 

Cristina Giglioli et al: Multivessel Disease and Second Generation Stent
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SYNTAX score >22 showed a very low incidence of 
adverse events, and the ROC curve analysis showed 
a higher cut-off of the score predicting cardiovas-
cular events, equal to 29.75. These results suggest 
that the differences observed in patient outcome 
between our study and the SYNTAX trial are not 
exclusively ascribable to anatomical complexity.

There are several possible reasons for this: first 
of all, the relatively small sample size of our popu-
lation could have favourably impacted the inci-
dence of adverse events. Moreover, in our group 
of patients, the percentage of those with a SYN-
TAX score >32 was about 20% versus 33% in the 
SYNTAX study, and the mean value of the SYN-
TAX score was 24.5 versus 29, respectively. An-
other main difference was the kind of stent used 
in our patients: the Xience V stent instead of the 
now obsolete Taxus, a paclitaxel eluting stent 
(PES), which has not been used in daily practice 
since the availability of EES; the Xience V stent 
has a less inflammatory impact and, consequently, 
earlier coverage than the Taxus stent (23), and re-
cent evidence suggests that EES is associated with 
a lower incidence of MACCE with respect to PES 
(4-6, 24, 25). Moreover, in our population in a 
high percentage of patients (86.5%) we achieved 
complete anatomical revascularization that is as-
sociated with a better outcome (26-28). Even if the 
concept of complete revascularization has mainly 
been emphasized as a point in favour of cardiac 
surgery, our results demonstrated, according to a 
recent study (29), that complete anatomical revas-
cularization can be achieved in a high percentage 
of multivessel patients treated with PCI. The main 
reason for failure to achieve complete anatomic 
revascularization in our study population was 
represented by CTO not associated with regional 
ischemia (21 patients) or unsuccessful treatment 
with PCI (11 patients). Moreover, also the “com-
plete revascularization” provided by CABG has 
limitations such as: 1) the proximal part of native 
coronary arteries bypassed frequently undergoes 
occlusion after the intervention; 2) when a steno-
sis is located before a bi- or trifurcation, only one 
branch is usually bypassed; 3) venous grafts have a 
short duration (30). 

In addition, the radial artery as the first line 
approach in the majority of patients (92.3%), with 
the consequent reduction in peripheral complica-
tions and bleedings, the choice of a tailored DAPT 
strategy, the systematic prevention of CIN with 
hyper-hydration, and the use of CRRT in patients 
with eGFR <30ml/min, might have favourably 
impacted our patients’ outcome, independently 
of the SYNTAX Class. With these considerations, 
we do not deny the importance of the anatomical 
complexity on the outcome of patients submitted 
to PCI, but we would like to underline that the re-
sults of PCI are due to a “sum of care”, including 
not only the skills and the tools of interventional 
cardiologists, but also a holistic approach to the 
patients. Similarly, the patient’s outcome is the re-
sult not only of anatomical complexity but also of 
other clinical potent factors that should be weight-
ed in the choice of the revascularization strategy. 
In an attempt to consider these factors, after the 
conclusion of our study, a number of new predic-
tive models, have been built with encouraging 
results (31). Among them, the SYNTAX score II 
combines the anatomical SYNTAX score with sev-
eral clinical, demographic and functional variables 
(8, 9) and has superior results to the purely angio-
graphic SYNTAX score in predicting 2 year and 
long-term mortality in patients with severe CAD, 
undergoing PCI or CABG (10, 11) also in diabetic 
patients (32-35). Moreover, SYNTAX II showed 
the ability to detect several clinical characteristics 
in favour of PCI or CABG (36-38). However, the 
search for more complete prognostic scores is con-
tinuing and more recently the SYNTAX score III 
has been introduced, which integrates comorbidi-
ties and anatomy with a functional assessment of 
stenotic lesions by means of fractional flow reserve 
(39, 40). 

Limitations of Study

Our study retrospectively analyzed the data of 
multivessel patients who underwent PCI at our In-
stitution in the course of one year. Our population 
was relatively small, unselected and heterogeneous 
regarding the clinical presentation of coronary dis-
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ease at hospital admission, including patients with 
stable angina, non-ST elevation ACS, and STEMI. 
However, by including patients with STEMI in our 
study population, we strengthened the importance 
of our results since MACCE, bleedings, access site 
complications and CIN are known to be usually 
higher in this group of patients than that we ob-
served.

Conclusions

In our study of multivessel disease patients treated 
with PCI and Xience V stents, the SYNTAX score, 
that is an index of anatomic complexity, does not 
seem to be an independent predictor of MACCE 
or any other post-treatment outcome. Moreover, 
in our study population the incidence of MACCE 
is lower than that previously reported for multi-
vessel disease patients treated with angioplasty and 
first generation DES. These results can be mainly 
ascribed to the technical characteristics of the new 
generation of stents implanted, as well as to the ho-
listic approach carried out on our patients, which 
mainly consists of optimization of antiplatelet 
therapy, as well as procedural and periprocedural 
management. The continuous search for new pre-
dictive scores, considering not only anatomical 
complexity but also several clinical and functional 
factors to increase the accuracy of outcome, indi-
rectly corroborate our results. 

What Is Already Known on this Topic:
The SYNTAX trial demonstrated the superiority of coronary artery by-
pass graft (CABG) over percutaneous coronary intervention (PCI) in 
patients with multivessel and/or left main disease and a high SYNTAX 
score. However, in that trial, first generation drug eluting stents (DES) 
were used. The results of more recent studies exploring the use of second 
generation DES, with a better safety profile, have allowed interventional 
cardiologists to consider PCI even for more complex coronary disease 
patterns for which CABG should be recommended according to the 
SYNTAX trial.

What this Study Adds:
In patients with multivessel disease treated with PCI and second gen-
eration DES, the SYNTAX score is not an independent predictor of 
MACCE or any other post-treatment outcome. Moreover, in our study 
the incidence of MACCE was lower than that previously reported with 
first generation DES, with a higher percentage of complete revascular-
ization. These results suggest that PCI with newer DES and optimized 

therapeutic and periprocedural management should also be considered 
in patients with a SYNTAX score higher than the cut-off suggested in the 
homonymous trial above which CABG would be recommended. 
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