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Abstract
Aims: This study aimed to assess the prognostic capacity of the residual SYNTAX score (rSS) in a large
cohort of patients undergoing percutaneous coronary intervention (PCI) in clinical practice.
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Methods and results: Ten thousand three hundred and forty-four (10,344) consecutive patients were
prospectively enrolled. Complete revascularisation (CR; rSS=0), reasonable incomplete revascularisation
(RICR; 0<rSS<8), and ICR (rSS>8) were achieved in 5,375 (51.9%), 3,401 (32.9%), and 1,568 (15.2%)
patients, respectively. During two-year follow-up, ICR patients had the highest incidence of major adverse
cardiovascular and cerebrovascular events (MACCE; 20.0% vs. 13.6% vs. 8.7%, respectively; p<0.001).
There was no difference in the incidence of all-cause death (1.2% vs. 1.0%; p=0.45), cardiac death (0.6% vs.
0.5%; p=0.31), and myocardial infarction (2.2% vs. 1.6%; p=0.07) between RICR and CR patients, while
the rate of repeat revascularisation was significantly higher in RICR patients (9.8% vs. 5.8%; p<0.001).
After multivariate analysis, rSS was an independent predictor of two-year cardiac death, myocardial infarc-
tion, revascularisation, and MACCE (p<0.05).

Conclusions: Despite an increase in revascularisation, RICR was associated with a similar mortality and
myocardial infarction to CR patients. rSS is a prognostic indicator after PCI in daily practice, and may be
used to determine a reasonable level of revascularisation.
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Abbreviations

CR complete revascularisation
CTO chronic total occlusion
ICR incomplete revascularisation

MACCE major adverse cardiovascular and cerebrovascular events

Mi myocardial infarction

PCI percutaneous coronary intervention
RICR reasonable incomplete revascularisation
1SS residual SYNTAX score

SS SYNTAX score

Introduction

For patients with multivessel coronary disease, percutaneous coro-
nary intervention (PCI) frequently involves incomplete revas-
cularisation (ICR) because of coronary anatomy complexity or
co-existing serious medical conditions'?. The prognostic impact of
ICR after PCI remains inconsistent among studies®¢, which may
relate to the lack of consensus on the definition of incomplete
revascularisation (ICR).

Recently, the residual SYNTAX score (rSS), which is calculated
by subtracting the value of the lesions treated during PCI from
the pre-revascularisation SYNTAX score (SS), was developed to
quantify and describe the extent of ICR more accurately®'”. rSS
was reported to increase the prognostic capacity after PCI in dif-
ferent population cohorts®!?, and an rSS>8 was identified as a level
of ICR strongly associated with increased mortality and adverse
ischaemic events®®. However, the utility of rSS among unselected
real-world PCI patients remains unclear. Therefore, in the present
study we assessed the prognostic capacity of rSS in a large cohort
of patients undergoing PCI in daily clinical practice.

Methods

STUDY POPULATION

From January 2013 to December 2013, 10,724 consecutive
patients who underwent PCI were enrolled at Fu Wai Hospital,
National Center for Cardiovascular Diseases, Beijing, China.
After excluding patients with a history of previous coronary
artery bypass grafting, 10,344 patients were finally analysed in
this study. The rSS® was assessed by two of the three experienced
cardiologists in an independent angiographic core laboratory,
who were blinded to clinical outcomes. In case of disagreement,
the opinion of the third observer was obtained and the final deci-
sion was made by consensus. The intraobserver variability for
calculation of the rSS (tertile partitioning), based on re-analys-
ing 50 cases at a three-month interval, indicated a high level of
agreement («k statistic=0.879; 95% confidence interval [CI]: 0.81-
0.94; p<0.001)'3°. The Institutional Review Board approved the
study protocol, and all patients provided written informed con-
sent before the intervention.

PROCEDURE AND MEDICATIONS
The decision on PCI strategy and stent type was left to the discre-
tion of the treating physician. If patients were not taking long-term

aspirin or P2Y , inhibitors, they received oral aspirin (300 mg) and
clopidogrel (300 mg loading dose) or ticagrelor (180 mg loading
dose) at least 24 hours before the procedure. Patients with acute
coronary syndrome (ACS) scheduled for PCI received the same
dose of aspirin and ticagrelor or clopidogrel (300 mg or 600 mg
loading dose) as soon as possible. During the procedure, unfrac-
tionated heparin (100 U/kg) was administered to all patients,
and use of glycoprotein IIb/Illa inhibitors was per the operator’s
judgement. After the procedure, aspirin was prescribed at a dose
of 100 mg daily indefinitely, while clopidogrel (75 mg daily) or
ticagrelor (90 mg twice daily) was advised for at least one year
after PCI.

PATIENT FOLLOW-UP

All patients were evaluated by clinical visit or by phone at one,
three, six, and 12 months, and annually thereafter. Patients were
advised to return for coronary angiography if clinically indicated
by symptoms or documentation of myocardial ischaemia.

ENDPOINTS AND DEFINITIONS

Death that could not be attributed to a non-cardiac aetiology was
considered cardiac death. Myocardial infarction (MI) was defined
by the reported third universal definition of myocardial infarc-
tion®. Revascularisation was defined as repeat revascularisation
for ischaemic symptoms and events driven by PCI or surgery of
any vessel. Stent thrombosis was defined as definite or probable
based on Academic Research Consortium definitions according
to the level of certainty?'. Major adverse cardiovascular and cer-
ebrovascular events (MACCE) were defined as the occurrence
of death, MI, revascularisation, stent thrombosis and stroke dur-
ing follow-up. Procedural success was defined as residual steno-
sis <50% and without in-hospital MACCE. All endpoints were
assessed centrally by two independent cardiologists, and disagree-
ment was resolved by consensus.

STATISTICAL ANALYSIS

Continuous variables are reported as mean (+standard deviation),
while categorical variables are reported as counts or percentage.
All variables were stratified according to rSS (three groups). For
the baseline characteristics, generalised linear models were used to
compare continuous variables across rSS groups with rSS class as
a covariable, while the Cochran-Armitage test for trends was used
for categorical data. Clinical outcomes were determined using
Kaplan-Meier methodology. To test for potential associations of
rSS with rates of long-term mortality, a stepwise Cox multivari-
able regression analysis was used, with variable entry/stay crite-
ria of 0.1/0.15. In addition, variables historically associated with
long-term mortality were included in the model. The proportional
hazard assumption was verified for each endpoint using the supre-
mum test. A p-value <0.05 was considered statistically significant.
Statistical analyses were performed using two statistical software
packages (SPSS, Version 23; IBM Corp., Armonk, NY, USA; SAS
v9.2; SAS Institute, Cary, NC, USA).



Results

PATIENT AND BASELINE CHARACTERISTICS

The mean baseline SS was 13.6+9.1 (range 1.0-58.0). The corre-
lation (Spearman coefficient 0.597; p<0.001) and distribution of
the baseline and residual SYNTAX score are shown in Figure 1.
The CR (rSS=0), reasonable ICR (RICR) (0 <rSS <8), and ICR
(rSS>8) were achieved in 5,375 (51.9%), 3,401 (32.9%), and
1,568 (15.2%) patients, respectively. The distribution of the CR,
RICR, and ICR of the baseline SS is shown in Figure 2. The fre-
quency of patients with CR and RICR decreased across tertiles of
the baseline SS. By contrast, the frequency of ICR progressively
increased across the baseline SS tertiles (0-22, 10.6% vs. 22-32,
46.9% vs. >32, 67.0%; p<0.001 for linear trend).
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Figure 1. Correlation between the baseline and residual SYNTAX
score. Relationship between the baseline (x-axis) and residual
(v-axis) SYNTAX score for individual patients.

Patients in higher rSS levels were associated with increasing
clinical comorbidities, including older age (p<0.001), decreased
renal function (p<0.001), lower left ventricular ejection fraction
(p<0.001), diabetes mellitus (p<0.001), hypertension (p<0.001),
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Figure 2. Distribution of complete, reasonable complete, and
incomplete revascularisation of the baseline SYNTAX score.

Residual SYNTAX score

previous stroke history (p<0.001), peripheral vascular disease
(p=0.003), previous MI history (p<0.001), and previous PCI his-
tory (p<0.001). Similarly, higher rSS was associated with increas-
ing higher baseline SS (p<0.001), three-vessel disease (p<0.001),
chronic total occlusion (CTO) lesions (p<0.001), and intra-aortic
balloon pump use (p<0.001) in procedures (Tahle 1).

CLINICAL OUTCOMES

The two-year follow-up was completed for 10,287 (99.4%)
patients. There were significant differences between the rates
of all-cause death, cardiac death, MI, repeat revascularisation
and MACCE among different rSS groups (p<0.001) (Table 2,
Figure 3); ICR patients had the highest incidence of adverse clini-
cal events (MACCE: 20.0% vs. 13.6% vs. 8.7%; p<0.001). When
only comparing RICR with CR patients, the incidences of all-
cause death (1.2% vs. 1.0%; p=0.45), cardiac death (0.6% vs.
0.5%; p=0.31), and MI (2.2% vs. 1.6%; p=0.07) were similar
between the groups, while the MACCE rate remained significantly
higher in RICR patients (13.6% vs. 8.7%; p<0.001), mainly driven
by the increased risk of repeat revascularisation (9.8% vs. 5.8%;
p<0.001) (Table 2). After multivariate analysis, rSS was an inde-
pendent predictor of two-year cardiac death, MI, revascularisation
and MACCE (p<0.05), but was not an independent predictor of
two-year all-cause death (p>0.05) (Table 3).

SUBGROUP ANALYSIS

Overall, RICR had a similar effect on cardiac death compared
with CR (0.6% vs. 0.5%, hazard ratio [HR] 1.30, 95% CI: 0.74-
2.30; p=0.37), which was also observed in a subgroup of patients
with impaired left ventricular function (left ventricular ejection
fraction <50%, n=525/10,344 [5.1%], p=0.80 for interaction; dia-
betes mellitus, n=3,108/10,344 [30.0%], p=0.83 for interaction;
three-vessel disease, n=4,216/10,344 [40.7%], p=0.37 for interac-
tion; CTO disease, n=1,979/10,344 [19.1%], p=0.60 for interac-
tion). In the meantime, except for the CTO subgroup, ICR had
a higher risk of two-year cardiac death in impaired left ventricular
function, diabetes mellitus, and three-vessel disease patients. The
risk of MACCE was higher in RICR patients compared with CR
patients in the whole population, as well as in the subgroup of
impaired left ventricular function, diabetes mellitus, three-vessel
disease, and CTO, which was predominantly a result of revascu-
larisation (Figure 4).

Discussion

In the present study, we assessed the effects of rSS on clinical
outcomes in a large registry cohort of real-world patients under-
going contemporary PCI treatment. The major findings of this
study were as follows: 1) rSS was able to risk-stratify patients
and predict two-year composite adverse cardiac events after PCI
(patients with a higher rSS had a higher incidence of adverse
clinical events); 2) compared with CR patients, RICR (0<rSS<8)
patients had a similar risk of mortality or MI, although they had
a higher risk of repeat revascularisation; 3) the finding that RICR
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Table 1. Baseline characteristics according to residual SYNTAX score.

|
£
(1]
é CR (rSS=0) RICR (0<rSS<8) ICR (rSS>8) p-value for
= (n=5,375) (n=3,401) (n=1,568) linear trends
g Age, yrs 57+10 58+10 60+10 <0.001
IS Male, n (%) 4,140 (77.0) 2,618 (77.0) 1,210 (77.2) 0.935
E BMI, kg/m? 25.9+3.2 26.0+3.1 26.0+3.1 0.246
é eGFR, ml/min 92.7+14.5 90.7+15.1 88.8+16.6 <0.001
'5 eGFR <90, n (%) 1,870 (34.8) 1,366 (40.2) 708 (45.2) <0.001
@ LVEF, % 63.1+7.0 62.7+7.3 61.9+8.0 <0.001
LVEF <40, n (%) 53 (1.0) 37(1.1) 27 (2.7) 0.001
Clinical history, n (%)
Diabetes mellitus 1,398 (26.0) 1,156 (34.0) 554 (35.3) <0.001
Hypertension 3,321 (61.8) 2,259 (66.4) 1,061 (67.7) <0.001
Hyperlipidaemia 3,545 (66.0) 2,346 (69.0) 1,051 (67.0) 0.082
Previous stroke 491 (9.1) 404 (11.9) 214 (13.6) <0.001
Peripheral vascular disease 121 (2.3) 92 (2.7) 57 (3.6) 0.003
COPD 114 (2.1) 83 (2.4) 39 (2.5) 0.287
Family history of CAD 1,298 (24.2) 840 (24.7) 414 (26.4) 0.087
Current smoker 3,057 (56.9) 1,940 (57.0) 891 (56.8) 0.978
Previous M| 884 (16.4) 671 (19.7) 366 (23.3) <0.001
Previous PCI 1,203 (22.4) 889 (26.1) 424 (27.0) <0.001
Clinical presentation, n (%)
ACS 3,334 (62.0) 2,012 (59.2) 891 (56.8) <0.001
Stable angina 1,620 (30.1) 1,110 (32.6) 529 (33.7) 0.002
Silent ischaemia 421 (7.8) 279 (8.2) 148 (9.4) 0.056
Angiographic and procedural characteristics
CAD extension, LM disease 131 (2.4) 89 (2.6) 36 (2.3) 0.946
e 2-vessel disease 1,920 (35.7) 1,153 (33.9) 362 (23.1) <0.001
3-vessel disease 1,228 (22.8) 1,856 (54.6) 1,132 (72.2) <0.001
Chronic total occlusion lesions 858 (16.0) 619 (18.2) 502 (32.0) <0.001
No. of target lesions per patient 1.4+0.6 1.5+0.7 1.4+0.6 0.013
No. of stents per patient 1.8+1.1 1.9+1.1 1.7+£1.2 0.164
Types of stent, BMS 27 (0.5) 17 (0.5) 13 (0.8) 0.205
) DES 5,198 (96.7) 3,235 (95.1) 1,338 (85.3) <0.001
PTCA, n (%) 104 (1.9) 74 (2.2) 52 (3.3) 0.003
IVUS use, n (%) 302 (5.6) 190 (5.6) 88 (5.6) 0.975
IABP use, n (%) 57 (1.1) 42 (1.2) 40 (2.6) <0.001
Procedural success, n (%) 5,329 (99.1) 3,326 (97.8) 1,403 (89.5) <0.001
Baseline SYNTAX score 9.0+6.5 12.7+6.6 21.3+7.2 <0.001
Residual SYNTAX score 0 4.1+2.1 14.8+6.0 <0.001
ACS: acute coronary syndrome; BMI: body mass index; BMS: bare metal stent; CAD: coronary artery disease; COPD: chronic obstructive pulmonary
disease; DES: drug-eluting stent; eGFR: estimated glomerular filtration rate; IABP: intra-aortic balloon pump; IVUS: intravascular ultrasound; LVEF: left
ventricular ejection fraction; MI: myocardial infarction; PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal coronary angioplasty
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had a similar effect on cardiac death compared with CR was con-
sistent in subgroups of left ventricular function, diabetes mellitus,
and three-vessel disease patients.

Complete revascularisation was achieved in 51.9% of patients
in our cohort, which was higher than that previously reported®'”.
We found that patients with greater residual coronary lesions after
PCI, as quantified by the rSS, had higher clinical risks including

older age, decreased renal function, lower left ventricular ejec-
tion fraction, more comorbidities, and higher baseline SS. These
associations reflected a clinical phenomenon whereby clinicians
tended to perform ICR treatment when patients had high baseline
clinical risks, as previously reported®!’.

Patients in our all-comers cohort with high rSS after PCI were
at significantly greater risk of MACCE, while patients with RICR
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Figure 3. Kaplan-Meier curves showing event rates stratified by the residual SYNTAX score over two years. A) All-cause death. B) Cardiac
death. C) Myocardial infarction. D) Revascularisation. E) Major adverse cardiovascular and cerebrovascular events (MACCE). F) Stent
thrombosis. CR: complete revascularisation; ICR: incomplete revascularisation; RICR: reasonable incomplete revascularisation
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Table 2. Adverse ischaemic outcomes at two years of follow-up according to residual SYNTAX score.

CR (rSS=0) |RICR (0<rSS<8)| ICR (rSS>8) p-value CR | p-value CR | p-value RICR
(n=5,375) | (=3401) | (n=1,568) | P'"® | "ysRICR | vs.ICR | vs.ICR
All-cause death 54 (1.0) 40 (1.2) 29 (1.8) 0.024 0.447 0.007 0.058
Cardiac death 26 (0.5) 22 (0.6) 20(1.3) 0.003 0.312 0.001 0.024
Myocardial infarction 88 (1.6) 74 (2.2) 43 (2.7) 0.013 0.068 0.004 0.217
Revascularisation 311 (5.8) 334 (9.8) 242 (15.4) | <0.001| <0.001 <0.001 <0.001
Stroke 60 (1.1) 54 (1.6) 27 (1.7) 0.072 0.058 0.055 0.709
MACCE 466 (8.7) 462 (13.6) 314 (20.0) | <0.001 | <0.001 <0.001 <0.001
Stent thrombosis 28 (0.5) 29(0.9) 13 (0.8) 0.132 0.075 0.188 1.000
Definite thrombosis 15(0.3) 11 (0.3) 6 (0.4) 0.797 0.693 0.600 0.795
Probable thrombosis 13(0.2) 18 (0.5) 7(0.4) 0.081 0.040 0.185 0.831

(0<rSS<8) had the same mortality risk as CR (rSS=0) patients
after PCI. These findings were in accordance with previous stud-
ies evaluating the prognostic utility of rSS in different population
cohorts*!”. For example, in a landmark study first describing rSS
assessed in a large cohort of moderate- and high-risk patients with
ACS, 1SS was associated with one-year adverse events, with an
rSS=8 identified as the cut-off value with greater major adverse
cardiac events (MACE) and mortality at 30 days and one year,
respectively®. The prognostic value of rSS was subsequently vali-
dated in heterogeneous patient populations including multivessel
disease, unprotected left main disease, ST-segment elevation myo-
cardial infarction, and complex lesions with second-generation

drug-eluting stents®!¢.

Table 3. Independent predictors of two-year adverse outcomes at
multivariable analysis.

Residual SYNTAX score (three groups)*

ble analyses Multivariable analyses

HR (95% CI)| p-value [HR (95% CI)| p-value

All-cause death (1.017.-314.68) 0.012 (0.912'_116.47) 0.199
Cardiac death (1.21(5—621. 18| 0002 | .013;—41(?90) 0.031
m}lgfcatfglnal (1.019'-31956) 0.003 (1.015-2547) 0025
Revascularisation (1.516-619.84) <0.001 (1.517'-711.86) <0.001
MACCE (L ar 60| <0001 | 4 4a%Feo | <0.001

*Three groups: comparing CR, reasonable ICR and ICR. The following
variables were included in each model: 1) for all-cause death and
cardiac death: male, age, diabetes, hypertension, hyperlipidaemia,
current smoking, renal dysfunction, left ventricular ejection fraction
<40%, acute cardiovascular syndrome and drug-eluting stent; 2) for
myocardial infarction and MACCE: male, age, diabetes, hypertension,
hyperlipidaemia, current smoking, renal dysfunction, previous
myocardial infarction, previous percutaneous coronary intervention, left
ventricular ejection fraction <40%, acute cardiovascular syndrome and
drug-eluting stent; 3) for unplanned revascularisation: male, age,
diabetes, hypertension, hyperlipidaemia, current smoking, renal
dysfunction, previous percutaneous coronary intervention, left ventricular
ejection fraction <40%, acute cardiovascular syndrome and drug-eluting
stent. Cl: confidence interval; HR: hazard ratio

There is only one prior report of rSS validated in one all-com-
ers population, where the population came from the multicentre
EXCELLENT registry that enrolled 5,159 patients from 29 cen-
tres in Korea between April 2008 and May 2010". In that study,
rSS was an independent predictor of clinical outcomes at one year,
while there was no further benefit after lowering the rSS to <7 in
patients with higher baseline SS. By comparison, our study used
a larger sample size of 10,344 patients from one-centre data (this
reduces the potential confounder of operator experience). Both
studies demonstrated that the rSS, an index for quantifying the
remaining coronary lesions after PCI, is a useful tool to evalu-
ate patient prognosis after PCI. Further, we demonstrated that
RICR was associated with similar mortality and MI compared
with CR, despite an increase in revascularisation. Thus, measur-
ing the completeness of revascularisation by rSS can be used to
ensure revascularisation in daily clinical practice. Importantly,
this outcome was also observed in different subgroups of patients,
including those with impaired left ventricular function, diabetes
mellitus, and three-vessel disease. In the CTO subgroup, ICR was
associated with a modest effect on cardiac death (HR 1.94, 95%
CI: 0.75-5.02; p=0.17), compared with a significant effect in no
CTO patients (HR 2.60, 95% CI: 1.23-5.50, p=0.010), as previ-
ously reported’. Hannan et al*? also reported that patients with suc-
cessful CTO revascularisation in conjunction with ICR of other
diseased lesions had a similar risk to patients with CR of all dis-
eased lesions, suggesting that RICR may be a treatment target for
high-risk CTO patients. Moreover, preprocedural assessment such
as myocardial viability testing was required to ensure revasculari-
sation in CTO patients.

Study limitations

There are a number of limitations in our study. First, the non-
randomised design using unmeasured confounders may preclude
any definitive conclusion. Second, the two-year follow-up dura-
tion was comparatively short for evaluating long-term outcomes.
Third, patients enrolled in this study had lower levels of complex
coronary artery disease and incidence of mortality compared with
the SYNTAX trial. Fourth, rSS is based on angiographic interpre-
tation that has inherent limitations?, and our findings may have
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CR vs. RICR CR RICR HR (95% CI) pvalee p 5

Cardiac death 26/5,375 (0.5%)  22/3,401 (0.6%) 1.30 (0.74-2.30) e 0.37 0.80 =

LVEF <50% 6/237 (2.5%) 5/175 (2.9%) 1.14 (0.35-3.72) ——i 0.84 :)

LVEF >50% 20/5,138 (0.4%) 17/3,226 (0.5%) 1.36 (0.71-2.59) e 0.36 =t
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Diabetes 152/1,398 (10.9%)  121/554 (21.8%) 2.15(1.69-2.73) e <0.01
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Figure 4. Subgroup analysis of all-cause death and MACCE. A) Subgroup analysis of all-cause death. B) Subgroup analysis of MACCE.
CTO: chronic total occlusion; LVEF': left ventricular ejection fraction
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varied if the SS had been assessed by less well-trained readers.
However, rSS was assessed by an independent angiographic core
laboratory in this study, with good reproducibility for rSS evalu-
ation'®. Finally, the patients in this study only included those
receiving PCI treatment. Thus, use of rSS should also be validated
in patients receiving coronary artery bypass graft therapy.

Conclusions

In this large cohort of real-world patients receiving PCI, RICR
was associated with similar mortality and MI compared with
CR, despite an increase in revascularisation. Thus, RICR may be
a treatment target for high-risk patients. rSS was a prognostic indi-
cator after PCI in daily practice, and may be useful for determin-

ing a reasonable level of revascularisation.

Impact on daily practice

The utility of rSS in real-world PCI patients is unclear. In this
study, rSS was able to risk-stratify patients and predict two-
year composite adverse cardiac events after PCI. ICR patients
(rSS>8) had a higher incidence of adverse clinical events com-
pared with CR patients (rSS=0), while RICR patients (0<rSS<8)
had similar risks of mortality and MI, despite a higher risk of
repeat revascularisation. We suggest that RICR (0<rSS<8) is
a potential treatment target for high-risk PCI patients.
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