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Background: To investigate the performance of the MI Sxscore in a multicentre randomised trial of patients un-
dergoing primary percutaneous coronary intervention (PPCI).
Methods and results: TheMI Sxscorewas prospectively determined among 1132 STEMI patients enrolled into the
COMFORTABLE AMI trial, which randomised patients to treatment with bare-metal (BMS) or biolimus-eluting
(BES) stents. Patient- (death, myocardial infarction, any revascularisation) and device-oriented (cardiac death,
target-vessel MI, target lesion revascularisation) major adverse cardiac events (MACEs) were compared across
MI Sxscore tertiles and according to stent type.
The median MI SXscore was 14 (IQR: 9–21). Patients were divided into tertiles of Sxscorelow (≤10),
Sxscoreintermediate (11–18) and Sxscorehigh (≥19). At 1 year, patient-oriented MACE occurred in 15% of

the Sxscorehigh, 9% of the Sxscoreintermediate and 5% of the Sxscorelow tertiles (p b 0.001), whereas device-
oriented MACE occurred in 8% of the Sxscorehigh, 6% of the Sxscoreintermediate and 4% of the Sxscorelow tertiles
(p = 0.03). Addition of the MI Sxscore to the TIMI risk score improved prediction of patient- (c-statistic value
increase from 0.63 to 0.69) and device-oriented MACEs (c-statistic value increase from 0.65 to 0.70). Differences
in the risk for device-orientedMACE between BMS and BES were evident among Sxscorehigh (13% vs. 4% HR 0.33
(0.15–0.74), p = 0.007 rather than those in Sxscorelow: 4% vs. 3% HR 0.68 (0.24–1.97), p = 0.48) tertiles.
Conclusions: The MI Sxscore allows risk stratification of patient- and device-oriented MACEs among patients un-
dergoing PPCI. The addition of theMI Sxscore to the TIMI risk score is of incremental prognostic value among pa-
tients undergoing PPCI for treatment of STEMI.
© 2014 Elsevier Ireland Ltd. All rights reserved.
Bern University Hospital, 3010

ecker).

.

1. Introduction

The risk of adverse events among patients presenting with acute
myocardial infarction has been thoroughly assessed bymeans of clinical
variables incorporated into the TIMI risk score during the thrombolysis
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era [1,2]. The advent of primary percutaneous coronary intervention
(PPCI) as the preferred reperfusion strategy among patients with ST-
segment elevation myocardial infarction (STEMI) identified angio-
graphic variables obtained at the time of the intervention to be of addi-
tional prognostic significance in observational studies [3].

The SYNTAX score (Sxscore) quantifies angiographic characteristics
and disease complexity among patients undergoing PCI and has been
shown to predictMACEduring follow-up in patientswith stable and un-
stable coronary artery diseases [4]. Amongpatientswith stable coronary
artery disease, the combined use of clinical and angiographic variables
in the global risk assessment further improved the predictive value
[5]. Among STEMI patients, the addition of angiographic characteristics
quantified by the MI Sxscore improved the TIMI risk model for predic-
tion ofmajor adverse cardiac events in a recent study including observa-
tional data from669 consecutive STEMI patients [6]. The performance of
such a model in all-comer STEMI trials remains to be examined. We
therefore validated the MI Sxscore in a contemporary, multicenter
trial of STEMI patients undergoing primary PCI, the COMFORTABLE
AMI trial [7].

2. Methods

2.1. Study population

The COMFORTABLEAMI trial included patients 18 years of age or olderwhohad a his-
tory of chest pain of more than a 10 min duration and associated ST segment elevation of
N1 mm in ≥2 contiguous leads, new left bundle branch block or true posterior MI, who
underwent primary percutaneous coronary intervention (PCI) within 24 h of symptom
onset. In addition, therewas angiographic presence of at least one acute infarct related ar-
tery (IRA) with one or multiple coronary artery lesions in a native coronary artery with a
diameter between 2.25 and 4.0 mm, which could be treated with one or multiple stents.
Exclusion criteria included use of vitamin K antagonists, mechanical complications of
myocardial infarction, acute myocardial infarction secondary to stent thrombosis (ST),
planned surgery within 6 months of PCI unless dual antiplatelet therapy could be main-
tained throughout the peri-surgical period and non-cardiac comorbid conditions with
life expectancy b1 year. Further study details are described in detail elsewhere [7,8].

Angiography was digitally recorded and analysed in a central core laboratory. The MI
Sxscore was assessed by experienced analysts using the web based programme www.
Table 1
Baseline characteristics of the COMFORTABLE AMI population according to SYNTAX score terti

Baseline characteristics

Syntax score

Low (0–10)
N = 394

Baseline characteristics
Age, years 58.7 ± 12.2
Male gender 302 (77%)
Diabetes 47 (12%)

Insulin-dependent 8 (2%)
Hypertension 172 (44%)
Hypercholesterolaemia 224 (57%)
Smoker at any time 303 (77%)

Current smoker 209 (53%)
Ex-smoker 94 (24%)

Renal failure 65 (17%)
Family history of CAD 128 (33%)
Body mass index, kg/m2 27.4 ± 4.4
Previous myocardial infarction 13 (3%)
Previous PCI 14 (4%)
Previous CABG 7 (2%)

Clinical presentation
Time from symptom onset to balloon inflation, min 228.0 (159.0–354.0)
Resuscitation prior to hospital arrival 10 (3%)
Pulse rate, bpm 75.3 ± 15.1
Blood pressure, mm Hg
Systolic 128.5 ± 22.6
Diastolic 77.5 ± 14.8

Cardiogenic Shock 0 (0%)
Killip class II, III or IV 20 (5%)

Data is expressed in numbers and (percentages) or means ± 1 standard deviation. PCI = Perc
a p value calculated using ANOVA for continuous variables or Kruskal–Wallis test for non-pa
syntaxscore.com as previously described. Angiographic documentation of patients includ-
ed in the COMFORTABLE AMI trial was scored as described previously. In brief, the MI
Sxscore for each patient was calculated by two independent and blinded, interventional
cardiologists, taking into account the patency of the infarct related artery. An infarct relat-
ed artery (IRA)with TIMI flowof 0 or 1was scored as a total occlusionwith thrombus. The
CABG Sxscorewas calculated by determining the standard Sxscore in native coronary ves-
sels and subtracting points based on the importance of the diseased coronary artery seg-
ment (Leaman score) that are supplied by a functioning bypass graft. Points relating to
intrinsic coronary artery disease, such as bifurcation disease or calcification, remained un-
altered [9]. The interobserver and intraobserver variabilities of the Sxscoring team were
previously reported as moderate (kappa statistic 0.56) and substantial (kappa statistic
0.70). The trial randomly assigned 1161 patients with acute ST-segment elevation myo-
cardial infarction (STEMI) to treatmentwith biolimus-eluting stents with a biodegradable
polymer (BioMatrix; Biosensors Inc., Morges, Switzerland) and bare-metal stents (BMSs)
using the same platform design (Gazelle, Biosensors Inc., Morges, Switzerland).

2.2. Primary and secondary endpoints

The primary clinical end points of this study were patient-oriented MACE, defined as
the composite of all-cause death, any reinfarction (MI) and any revascularisation, and
device-oriented MACE, defined as a composite of cardiac death, target vessel reinfarction
(TV-MI) and ischaemia-driven target-lesion revascularisation (TLR). Secondary endpoints
included all-cause and cardiac deaths, target-vessel reinfarction (TV-MI), any reinfarction,
composite of death or recurrentMI, ischaemia-driven target-lesion (TLR) and target vessel
revascularisation (TVR), andARC-defined definite anddefinite or probable stent thrombo-
sis (ST) [10]. Details of the definitions of the primary and secondary endpoints used for ad-
judication of events by the independent clinical events committee (CEC) are reported
elsewhere [8].

2.3. Statistical analysis

Continuous variables are presented as mean ± 1SD or as median and interquartile
ranges. Categorical variables are presented as counts and percentages. To characterise
differences between different Sxscores, the study cohortwas divided into three groups ac-
cording to MI Sxscore tertiles; Sxscorehigh, Sxscoreintermediate and Sxscorelow. Analyses of
variance (ANOVA, for continuous variables), Kruskal–Wallis tests (for non-parametric
variables) and Chi-squares tests (for categorical variables) were used to describe differ-
ences between the 3 groups. Comparisons involving the 2 stents were performed using
unpaired t-tests.

Cox regression analysis was used to determine the risk ratio of Sxscore tertiles for
the primary endpoint as well as individual endpoints at 30 days and 1 year. This was per-
formed for the whole cohort as well as individually for each of the randomised groups
les.

Intermediate (11–18)
N = 374

High (19–52)
N = 364

p valuea

60.5 ± 11.0 62.6 ± 11.7 b0.001
297 (79%) 298 (82%) 0.21
65 (17%) 58 (16%) 0.09
6 (2%) 11 (3%) 0.45
178 (48%) 182 (50%) 0.21
219 (59%) 194 (54%) 0.38
293 (79%) 253 (71%) 0.02
194 (52%) 157 (44%) 0.02
99 (27%) 96 (27%) 0.61
69 (19%) 69 (19%) 0.63
122 (34%) 110 (31%) 0.68
27.2 ± 4.1 27.0 ± 4.3 0.46
22 (6%) 27 (7%) 0.04
16 (4%) 14 (4%) 0.87
5 (1%) 2 (1%) 0.33

236.0 (163.5–392.0) 244.0 (170.0–400.0) 0.64
6 (2%) 9 (2%) 0.61
76.0 ± 16.0 77.4 ± 16.9 0.20

131.4 ± 22.9 129.1 ± 23.5 0.19
79.1 ± 14.2 77.9 ± 15.6 0.35
2 (1%) 10 (3%) 0.001
14 (4%) 39 (11%) b0.001

utaneous coronary intervention, CABG = coronary artery bypass.
rametric variables and Chi-square test for categorical variables.
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receiving BMS and the drug eluting stent. Event curves employing the Kaplan–Meier meth-
odwere thengenerated to depict the differences across theMI Sxscore tertiles for theprima-
ry end point MACE and its components. To explore the effect of stratification in MI Sxscore
tertiles, differential outcomes between BMS and biolimus-eluting stents were explored.

In a separate analysis, variables in the TIMI risk score including age N74, history of di-
abetes, hypertension or heart failure, systolic bloodpressure b100mmHg, heart rate N100
beats per minute, Killip classes II–IV, body weight b67 kg, anterior STEMI and time to
treatment of N4 h were used to assess the additional predictive value of the MI Sxscore
as determined by the c-statistic. The performance of the model combining the TIMI risk
score with the MI Sxscore in this all-comer randomised trial was compared to values
achieved with the model studied using published previously data from an observational
study. We used this comparison as a method of validation for the model [6].

All statistical tests were 2-tailed, and p values were significant at b0.05. Analysis was
performed using STATA version 12.1 (StataCorp).
3. Results

Complete angiographic analysis of the MI Sxscore was performed
in 1132 of 1161 patients enrolled in the COMFORTABLE AMI trial. The
median (interquartile range) MI Sxscore of the entire patient cohort
was 14 [9–21], and was not different between patients randomised to
BES and BMS (15.1 vs. 14.8, p = 0.54). The Sxscorelow tertile was com-
posed of 394 patients with scores up to 10, the Sxscoreintermediate tertile
of 374 patients with scores ranging from 11 to 18, and the Sxscorehigh
tertile of 364 patients with scores ranging from 19 to 52. Baseline clini-
cal characteristics according to MI Sxscore tertiles are summarised in
Table 2
Angiographic and procedural characteristics of the COMFORTABLE AMI according to Sxscore te

SYNTAX score

Low (0–10)
N = 394

Angiographic characteristics pre-procedural
Anterior STEMI 99 (25%)
Infarct related artery, IRA

Left main 1 (0%)
Left anterior descending 120 (31%)
Left circumflex 70 (18%)
Right coronary 214 (54%)
TIMI 0 or 1 165 (42%)

Treated vessels incl. IRAb

1-Vessel disease 381 (97%)
2-Vessel disease 12 (3%)
3-Vessel disease 0 (0%)
Left main disease 1 (0%)

Procedural characteristics
Number of stents implanted in IRA 1.3 ± 0.5
Total stent length in IRA, mm 23.9 ± 10.8
Average stent diameter in IRA, mm 3.2 ± 0.5
Bifurcation treatment in IRA 26 (7%)
Thrombectomy 240 (61%)
GP IIb/IIIa Inhibitors 179 (45%)
Intra-aortic balloon pump 3 (1%)
Multivessel stenting 12 (3%)

Angiographic characteristics post-procedural
TIMI 0 or 1 1 (0%)
Corrected TIMI frame count at end procedure, fps 24.9 ± 15.3
Myocardial blush grade 0 or 1 9 (2%)

Follow-up
Complete revascularisation within 90 daysb 3 (1%)
Medication at 1 year
Aspirin 365 (97%)
Clopidogrel 171 (46%)

Prasugrel 132 (35%)
Beta-blocker 290 (78%)
ACE-inhibitors 219 (59%)
Statins 347 (93%)
Oral anticoagulant 8 (2%)

Data is expressed in numbers and (percentages), mean ± 1 standard deviation ormedian and (
myocardial infarction; GP = glycoprotein; PCI = percutaneous coronary intervention CABG =

a p value calculated using ANOVA for continuous variables and Chi-square test for categoric
b n = 28 requiring PCI and n = 2 requiring coronary artery bypass graft.
Table 1. Patients with higher MI Sxscores were older, and had a higher
prevalence of diabetes, history of previous myocardial infarction, car-
diogenic shock and signs of heart failure.

Angiographic characteristics across the three tertiles are summarised
in Table 2. Patients with higher MI Sxscores were more likely to present
with anterior myocardial infarction with the left anterior descending
coronary artery (LAD) as the infarct related artery (IRA), an occluded
IRA or a reduced TIMI 0/1 flow. Similarly, a higher number of stents
was implanted into longer coronary artery segments, and there were
more bifurcations and a higher number of treated vessels amongpatients
in the Sxscorehigh group.

While a final post-procedure TIMI flow of 0/1was present in only 1%
of the Sxscorehigh group, a poor myocardial blush grade (MBG 0/1) was
present in 9% of patients in this group, which was more frequent than
that in the other tertiles (3% in the Sxscoreintermediate group and 2% in
the Sxscorelow group, b0.001). The peak creatinine kinase also correlat-
ed with higher tertiles of MI Sxscore (Fig. 1).

We observed no differences in medication intake across the MI
Sxscore tertiles at 1 year except for oral anticoagulants, which were
more frequently prescribed in the highest MI Sxscore tertile.

Similar differences in baseline and procedural characteristics across
MI Sxscore tertiles were observed in an analysis stratified according
to stent type (Supplementary Tables 1 and 2 for bare metal stents and
Supplementary Tables 3 and 4 for biolimus eluting stents).
rtiles.

Intermediate (11–18)
N = 374

High (19–52)
N = 364

p valuea

112 (30%) 206 (57%) b0.001

1 (0%) 3 (1%) 0.41
124 (33%) 220 (60%) b0.001
73 (20%) 46 (13%) 0.033
194 (52%) 124 (34%) b0.001
274 (73%) 305 (84%) b0.001

0.012
357 (95%) 334 (92%) 0.005
15 (4%) 29 (8%) 0.005
2 (1%) 1 (0%) 0.36
1 (0%) 3 (1%) 0.41

1.5 ± 0.8 1.6 ± 0.8 b0.001
28.3 ± 14.4 30.0 ± 14.7 b0.001
3.2 ± 1.4 3.2 ± 0.4 0.37
29 (8%) 44 (12%) 0.02
226 (60%) 240 (66%) 0.24
173 (46%) 173 (48%) 0.85
7 (2%) 18 (5%) 0.001
16 (4%) 30 (8%) 0.004

0 (0%) 3 (1%) 0.15
25.7 ± 20.5 26.4 ± 21.3 0.61
12 (3%) 31 (9%) b0.001

11 (3%) 16 (4%) 0.007

340 (97%) 326 (97%) 0.83
160 (45%) 147 (44%) 0.84
137 (39%) 129 (38%) 0.53
280 (80%) 273 (81%) 0.47
216 (61%) 223 (66%) 0.10
328 (93%) 307 (91%) 0.64
7 (2%) 19 (6%) 0.008

interquartile range). STEMI = ST elevationmyocardial infarction; TIMI = thrombolysis in
coronary artery bypass graft; and IRA = infarct related artery.

al variables.



Fig. 1. SYNTAX score and infarct size based on peak creatinine kinase values. The left plot shows the relation of peak enzyme release and Sxscore while the right plots show the peak en-
zymes in tertiles of Sxscore.
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3.1. Clinical outcomes

Clinical outcomes stratified according to the MI Sxscore tertiles
are shown in Tables 3 (30 days) and 4 (1 year). Patient-oriented
MACE (Fig. 2) was more common in the Sxscorehigh than in the
Sxscorelow tertiles at 30 days and 1 year (HR 2.38, 95% CI (1.26–
4.49), p = 0.007). Device-oriented MACE (Fig. 3) was also more fre-
quent in the Sxscorehigh than in the Sxscorelow tertiles at 30 days and
1 year (HR 3.05, 95% CI 1.02–5.10, p b 0.001). Patients with
MI Sxscores of ≤10 had a rate of device-related MACE as low as 2%
at 30 days and 4% at 1 year. Conversely, rates of device-oriented MACE
among patients with a MI Sxscore ≥19 were 4% and 8% at 30 days
and 1 year, respectively. Differences in patient-orientedMACEwere driv-
enby a higher risk of death or reinfarction (9% in the Sxscorehigh group, 5%
in the Sxscoreintermediate group and 4% in the Sxscorelow group, p b 0.001)
as well as any revascularisation among patients in the highest risk
tertile (9% in the Sxscorehigh group, 6% in the Sxscoreintermediate group
and 3% in the Sxscorelow group, p= 0.002). Cardiac mortality was higher
Table 3
Clinical outcome at 30 days in the COMFORTABLE AMI trial according to Sxscore tertiles.

SYNTAX score

Low (0–10)
N = 394

Intermediate (11–18)
N = 374

H
N

30 days follow-up
Device-oriented MACE 6 (2%) 9 (2%) 16
Patient-oriented MACE 6 (2%) 14 (4%) 25
All cause death 3 (1%) 5 (1%) 9

Cardiac death 3 (1%) 5 (1%) 8
Reinfarction (any) 2 (1%) 4 (1%) 11
Reinfarction in IRA 2 (1%) 3 (1%) 6
Death or reinfarction (any) 5 (1%) 9 (2%) 20
Revascularisation (any) 3 (1%) 9 (2%) 14
Revascularisation in IRA, clinically indicated 3 (1%) 4 (1%) 9
Stent thrombosis all 6 (2%) 7 (2%) 13

Definite 3 (1%) 4 (1%) 7
Definite/probable 6 (2%) 7 (2%) 13
Probable 3 (1%) 3 (1%) 6
Possible 0 (0%) 0 (0%) 0

Device-orientedMACE: cardiac death, repeat TLR clinically indicated, orMI in IRA; andpatient or
p value from Cox's regression Chi-square test.
in the Sxscorehigh tertile compared to the Sxscorelow tertile, HR 2.51
(1.03–6.10) p = 0.0423. The risk of repeat revascularisation was higher
in the Sxscorehigh, compared with the Sxscoreintermediate and Sxscorelow
tertiles at 1 year ((9%) vs. 23 (6%) vs. 12 (3%) p = 0.002; Sxscorehigh vs.
Sxscorelow HR 3.24 (1.68–6.25), p = b0.001).

Definite and probable stent thromboses (STs) occurred early (within
30 days) in 26 patients and late (30 days to 1 year) in 8 patients. Early
definite and probable STs were diagnosed in 13 (4%) of the Sxscorehigh,
7 (2%) of the Sxscoreintermediate and 6 (2%) of the Sxscorelow (p =
0.081). Definite and probable STs at one year were recorded in 13 (4%)
of the Sxscorehigh, 9 (2%) of the Sxscoreintermediate and 10 (3%) of the
Sxscorelow groups (p = 0.58).

3.2. Risk stratification according to TIMI score and MI Sxscore

A 10-point increase in the MI Sxscore was associated with an in-
creased risk of patient- (HR = 1.83, 95% CI 1.43–2.32, p b 0.001) and
device-oriented MACEs (HR of 1.48, 95% CI 1.10–1.98, p = 0.009).
Cox's regression

igh (19–52)
= 364

Intermediate vs. low High vs. low Overall

HR (95% CI) p value HR (95% CI) p value p value

(4%) 1.59 (0.57–4.48) 0.376 2.92 (1.14–7.46) 0.025 0.060
(7%) 2.49 (0.96–6.49) 0.061 4.61 (1.89–11.24) 0.001 0.002
(2%) 1.77 (0.42–7.42) 0.433 3.27 (0.89–12.09) 0.075 0.172
(2%) 1.77 (0.42–7.42) 0.433 2.91 (0.77–10.96) 0.115 0.269
(3%) 2.14 (0.39–11.66) 0.381 6.04 (1.34–27.25) 0.019 0.027
(2%) 1.60 (0.27–9.56) 0.608 3.27 (0.66–16.21) 0.147 0.288
(5%) 1.92 (0.64–5.73) 0.241 4.40 (1.65–11.71) 0.003 0.005
(4%) 3.20 (0.87–11.81) 0.081 5.15 (1.48–17.92) 0.010 0.033
(2%) 1.41 (0.32–6.32) 0.650 3.28 (0.89–12.11) 0.075 0.131
(4%) 1.24 (0.42–3.69) 0.697 2.37 (0.90–6.23) 0.081 0.152
(2%) 1.41 (0.32–6.32) 0.650 2.54 (0.66–9.84) 0.176 0.350
(4%) 1.24 (0.42–3.69) 0.697 2.37 (0.90–6.23) 0.081 0.152
(2%) 1.07 (0.22–5.28) 0.938 2.18 (0.55–8.73) 0.269 0.429
(0%)

ientedMACE: all cause death, reinfarction and revascularisation. IRA: infarct related artery.



Table 4
Clinical outcome 1 year in the COMFORTABLE AMI trial according to Sxscore tertiles.

SYNTAX score Cox's regression

Low (0–10)
N = 394

Intermediate (11–18)
N = 374

High (19–52)
N = 364

Intermediate vs. low High vs. low Overall

HR (95% CI) p value HR (95% CI) p value p value

1 year follow-up
Device-oriented MACE 14 (4%) 22 (6%) 30 (8%) 1.68 (0.86–3.29) 0.128 2.38 (1.26–4.49) 0.007 0.026
Patient-oriented MACE 20 (5%) 33 (9%) 53 (15%) 1.79 (1.03–3.13) 0.039 3.05 (1.82–5.10) b0.001 b0.001
All cause death 10 (3%) 11 (3%) 17 (5%) 1.17 (0.50–2.75) 0.719 1.87 (0.86–4.08) 0.117 0.235

Cardiac death 7 (2%) 10 (3%) 16 (4%) 1.52 (0.58–3.99) 0.396 2.51 (1.03–6.10) 0.042 0.107
Reinfarction (any) 8 (2%) 8 (2%) 14 (4%) 1.07 (0.40–2.85) 0.892 1.95 (0.82–4.66) 0.131 0.219
Reinfarction in IRA 6 (2%) 5 (1%) 6 (2%) 0.89 (0.27–2.91) 0.845 1.10 (0.35–3.41) 0.868 0.939
Death or reinfarction (any) 16 (4%) 18 (5%) 31 (9%) 1.20 (0.61–2.36) 0.588 2.17 (1.19–3.96) 0.012 0.021
Revascularisation (any) 12 (3%) 23 (6%) 34 (9%) 2.08 (1.04–4.18) 0.040 3.24 (1.68–6.25) 0.000 0.002
Revascularisation in IRA, clinically indicated 9 (2%) 13 (3%) 15 (4%) 1.54 (0.66–3.61) 0.318 1.85 (0.81–4.23) 0.144 0.340
Stent thrombosis all 12 (3%) 13 (3%) 21 (6%) 1.16 (0.53–2.53) 0.719 1.93 (0.95–3.93) 0.069 0.134

Definite 4 (1%) 4 (1%) 7 (2%) 1.06 (0.27–4.24) 0.933 1.91 (0.56–6.53) 0.301 0.488
Definite/probable 10 (3%) 9 (2%) 13 (4%) 0.96 (0.39–2.36) 0.926 1.43 (0.63–3.26) 0.398 0.577
Probable 6 (2%) 5 (1%) 6 (2%) 0.89 (0.27–2.91) 0.845 1.10 (0.35–3.40) 0.874 0.942
Possible 4 (1%) 5 (1%) 8 (2%) 1.33 (0.36–4.95) 0.671 2.21 (0.67–7.34) 0.195 0.389

Device-orientedMACE: cardiac death, repeat TLR clinically indicated, orMI in IRA; andpatient orientedMACE: all cause death, reinfarction and revascularisation. IRA: infarct related artery.
p value from Cox's regression Chi-square test.
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Risk ratios of the individual TIMI risk score components were particularly
predictive of death with little additional value in terms of the c-
statistic by adding the MI Sxscore (without: 0.783; with 0.787). How-
ever, the model improved the prediction of patient- (0.623 to 0.692)
Fig. 2. Kaplan–Meier event curves and log rank tests for patients presenting with STEMI and c
events (MACEs) with its components separately shown; all-cause mortality, revascularisation a
and blue curve indicates MI Sxscorelow.
and device-oriented outcomes (0.65 to 0.695) after addition of the MI
Sxscore. The hazard ratios for the components and the c-statistics are
shown in Table 5. The c-statistics of the score in observational studies
is comparable (0.61) [6].
ategorised in tertiles of the MI Sxscore for 1 year patient-oriented major adverse cardiac
nd reinfarction. Red curve indicates MI Sxscorehigh, black curve indicates Sxscoreintermediate

image of Fig.�2


Fig. 3.Kaplan–Meier event curves and log rank tests for patients presenting with STEMI and categorised in tertiles of theMI Sxscore for 1 year device-orientedMACEwith its components
separately shown; cardiac death, target lesion revascularisation-TLR and target vessel reinfarction. Red curve indicates MI Sxscorehigh, black curve indicates Sxscoreintermediate and blue
curve indicates MI Sxscorelow.
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3.3. Performance of the MI Sxscore according to stent type

The MI Sxscore was available in 564 patients randomised to BMS
and 568 patients randomised to biolimus-eluting stents. Patient-
oriented MACE occurred more frequently with both stent types in the
higher MI Sxscore tertiles (BMS Sxscorelow vs. Sxscoreintermediate vs.
Sxscorehigh = 6% vs. 10% vs. 18%, p = 0.002; biolimus-eluting stents:
4% vs. 7% vs. 12% p= 0.029). Device-orientedMACEwasmore common
among higher MI Sxscore tertiles treated with BMS (Sxscorelow 4% vs.
7% vs. 13% p = 0.007) but not for DES (Sxscorelow 3% vs. 5% vs. 4%
p = 0.669). The difference in outcome between the two stent types
was more evident among patients in the highest tertile compared
to the lower tertiles (Fig. 4 and Supplementary Fig. 1; biolimus-
eluting stents vs. BMS patient-oriented MACE: 12% vs. 18% (diff. 6%) in
Sxscorehigh; 6% vs. 4% (diff. 2%) in Sxscorelow; device oriented MACE:
13% vs. 4% (diff. 9%) in Sxscorehigh; 4% vs. 3% (diff. 1%) in Sxscorelow).
4. Discussion

TheMI Sxscore emerged as an important tool for risk stratification of
STEMI patients treated by primary PCI in contemporary practise in the
present study. Quantification of the extent and severity of coronary ar-
tery disease as well as the localisation and patency of culprit lesions
and diseased segments other than the IRA proved useful to predict
early and late major adverse cardiovascular events. Moreover, the risk
assessment was complementary to the clinical TIMI risk score. Differ-
ences in clinical outcome, both in terms of patient- and device-
oriented MACEs between stent types were most evident in the highest
MI Sxscore groups.

Although the Sxscore was originally designed to evaluate
revascularisation options among patients with multivessel disease, its
application in all comer trials has allowed risk stratification across the
entire range of patients with various clinical and angiographic charac-
teristics [11,12]. A considerable proportion of patients included in
such trials have stable coronary artery disease with a low risk for recur-
rent events. However, differences in outcome between stent types may
be more easily elucidated among high-risk patients. Indeed, the MI
Sxscore was found to provide additional value in risk stratification in
the present all comer STEMI trial. Moreover, the present study confirms
the discriminative value of theMI Sxscore among STEMI patients as pre-
viously suggested in observational studies [6,13].

The present analysis shows that patients with high MI Sxscore have
an increased risk of mortality from cardiac causes. Patency of the IRA as
well as multivessel disease are both known to impact on mortality
among STEMI patients [14,15]. Both factors are integral parts of the MI
Sxscore and likely contribute to its predictive value in terms of cardiac
mortality. Since a low TIMI flow adds to the score, patients in the higher
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tertiles of theMI Sxscore aremore likely to present with an occluded in-
farct related artery, an angiographic characteristic known to be associat-
edwith larger infarct sizes, and poorer prognosis. The higher prevalence
of cardiovascular events among STEMI patientswithmultivessel disease
is most likely multifactorial. First, the number of diseased vessels is
often a reflection of the extent and severity of coronary atherosclerosis.
Patients with multivessel disease therefore bear a higher risk of future
events related to coronary artery disease progression or related to in-
complete revascularisation, which is more prevalent in patients with
higher baseline SYNTAX score, as previously shown in acute coronary
syndrome patients [16]. Incomplete revascularisation is known to
impact outcome in patients with residual coronary artery disease.
Timely treatment of residual non-culprit coronary artery disease (with-
in 90 days of the primary PCI) has therefore been advocated by the
COMFORTABLE AMI study group. Since by definition high MI Sxscore
patients often have multivessel disease and therefore residual disease,
the risk of cardiovascular events related to non-culprit vessel disease
certainly has an impact on the patient related outcome and therefore
is an important determinant of the prognostic power of the MI Sxscore.
Second, the increased procedural complexity reflected in a higher num-
ber of stents, a longer stent length and a higher rate of bifurcation treat-
ment observed in the higher SXscore tertiles of this trial expose patients
to an increased risk for re-stenosis and stent thrombosis [17,18].
Multivessel disease and highMI Sxscores were associatedwith a higher
prevalence of the ‘no-reflow’ phenomenon, which reflects impaired
myocardial reperfusionwith its attendant effects on cardiovascular out-
come [19]. In fact, in the present study, poor reperfusion asmeasured by
TIMI flow at the end of the procedure and myocardial blush grade was
more common in the higher Sxscore tertiles. The larger infarct size as
determined by cardiac biomarkers in patients with the higher MI
Sxscores observed in the current analysis lends support to the patho-
physiological role of multivessel disease, IRA patency and myocardial
reperfusion and provides insights on their link to clinical outcome.

The trend for a higher risk of early stent thrombosis among STEMI
patients with high Sxscores observed in the present study corroborates
thefindings of a pooled analysis of 7 studieswith 6496 patients [20]. In a
subanalysis of 2093 acute coronary syndrome (ACS) patients in this
study, higher rates of ST were observed in high Sxscore groups. The
risk of ST among ACS patients treated with drug-eluting stents has
been consistently higher than that in patients with stable coronary ar-
tery disease [17]. A large thrombus burden, frequently associated with
impaired TIMI flow which is more prevalent in high Sxscore patients,
plays an important role in the pathogenesis of stent thrombosis [21].
In addition, patients with high Sxscores often undergo treatment of bi-
furcations and implantation of longer stents, both risk factors for stent
thrombosis. Moreover, the individual response to antiplatelet treatment
is frequently impaired among diabetic patients, those with high BMI,
and the elderly, characteristics predominantly present in patients in
the highest Sxscores [22,23]. Interestingly, we observed a trend towards
a higher rate of ST in the early phase after primary PCI in the higher
Sxscore tertiles. Timely identification of high risk patients may allow
for implementation of preventive measures such as the use of GPIIb/
IIIa inhibitors and thrombectomy devices.

TheMI Sxscore applied to STEMI patients provides incremental pre-
dictive value over clinical variables integrated in the TIMI score as pre-
viously shown in registry data [6]. Predictive clinical risk variables and
their application in risk scores initially focused on early survival after
STEMI [1]. The availability of angiographic characteristics in the primary
PCI era provided additional prognostic information including TIMI flow
in the infarct related artery and the presence of multivessel disease as
factors associated with increased mortality. The MI Sxscore provides a
similar predictive value in terms of 1-year mortality as the traditional
TIMI risk score (0.783 to 0.787). The MI Sxscore incorporates patency
of the infarct related artery and the myocardial area at risk. Compared
with patients with low MI Sxscores, patients in the highest tertile
have almost double the incidence of anterior myocardial infarction



n events (%) n events (%)

Device-oriented MACE 

SYNTAX 0-10 205 6 (2.9) 189 8 (4.4) 0.68 (0.24-1.97) 0,479

SYNTAX 11-18 175 8 (4.7) 199 14 (7.2) 0.65 (0.27-1.54) 0,326

SYNTAX 19-52 188 8 (4.3) 176 22 (12.6) 0.33 (0.15-0.74) 0,007

Patient-oriented MACE

SYNTAX 0-10 205 9 (4.4) 189 11 (6.0) 0.74 (0.31-1.79) 0,506

SYNTAX 11-18 175 13 (7.6) 199 20 (10.2) 0.73 (0.36-1.47) 0,380

SYNTAX 19-52 188 22 (11.9) 176 31 (17.8) 0.65 (0.38-1.12) 0,123

Device- oriented MACE: cardiac death, repeat TLR clinically indicated, or MI in IRA
Patient-oriented MACE: death, reinfarction or revascularisation

IRA: infarct related artery
p-value from Cox's Regression chi-square test

Biolimus-Eluting Stent

N = 568

Bare-Metal Stent

SYNTAX Subgroup Analyses of the 1-Year Rates of Major Adverse Cardiac Events Among 
Patients Randomized to Receive Either the Biolimus-Eluting Stent or the Bare-Metal Stent  

N = 564
HR (95% CI) p-value

.1
.25

.5
1 2

Fig. 4. SYNTAX subgroup analyses of the 1-year rates of major adverse cardiac events among patients randomised to receive either the biolimus-eluting stent or the bare-metal stent.
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and impaired TIMI flow of the IRA, which result in a larger infarct size
and two-fold increasedmortality during the first year. The combination
of theMI Sxscore and the TIMI risk score afforded improved discrimina-
tion of patient- and device-oriented MACEs as compared with
either score alone. Moreover, the combined score was superior in the
prediction of cardiac death and myocardial infarction and repeat
revascularisation procedures. The addition of angiographic information
to standard clinical variables is easily obtainable in STEMI patients un-
dergoing primary PCI and offers improved prediction of adverse events
and prognosis. The use of BMS in STEMI has resulted in a higher inci-
dence of device-oriented MACE when compared to DES [8]. Stratifica-
tion of MI Sxscores according to implanted stent platform supports
the notion that differences in clinical outcomes between stent types
are more pronounced in the highest MI Sxscore tertile. The observation
in differentiation of outcome between stent types is consistentwith that
of previous Sxscore analysis in the LEADERS and SIRTAX trials [12,24].
Thrombogenicity of the stent coating and suppression of neointima by
drug elution may be particularly important in complex lesions with
high thrombus load andmay explain the lower ST event rates observed
in BES implanted in high-risk patients. Similarly, the risk of restenosis
and therefore repeat revascularisation procedures is more pronounced
in patients with higher MI Sxscores.

4.1. Study limitations

Several limitations need to be considered in the interpretation of the
present study. The present analysis focused on patient- and device-
oriented composite outcomes. However, findings on individual end-
points including mortality and stent thrombosis have to be interpreted
with caution due to the limited number of patients and events and
should therefore be considered hypothesis generating. The evaluation
of theMI Sxscore was performed by experienced assessors, and it is un-
certain whether the same robustness can bemaintained in routine clin-
ical practise.We have not assessed the residual SYNTAX score following
protocol mandated complete revascularisation within 3 months after
primary PCI. Thereforewe cannot conclude on the impact of incomplete
revascularisation following treatment of ST-elevation patients. In the
current study the relation of the MI Sxscore and microvascular reperfu-
sion was drawn from angiographic data of myocardial blush grade and
TIMI flow. The relation of the score with a non-angiographic and there-
fore more independent means of measuring microvascular reperfusion
such as ST segment resolution or gadolinium enhanced magnetic reso-
nance imaging-derived microvascular obstruction was not available
but may be further evaluated and confirmed in future research.

5. Conclusions

TheMI Sxscore is a validated risk stratification tool in the assessment
of adverse cardiovascular outcomes among STEMI patients undergoing
primary PCI throughout one year. It provides added prognostic value be-
yond clinical risk scores such as the TIMI risk score and shows the
highest discrimination between stent types in the highest MI Sxscore.
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