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Abstract

Objective To evaluate the predictive value of SYNTAX Score II (SS-II) for percutaneous coronary intervention (PCI) in octogenarian
(> 80 years old) undergoing PCI. Methods & Results Data from three consecutive years of octogenarian undergoing PCI from Ruijin
Hospital (Shanghai, China) was retrospectively collected (n = 308). Follow up clinical data at one year including all cause mortality, cardiac
mortality and main adverse cardiovascular and cerebrovascular events (MACCE) were collected. Patients were stratified according to tertiles
of SS-II for PCI: SS-II <26 (n = 104), SS-1I: 27-31 (n = 102), SS-II > 31 (n = 102). After adjustment for confounding factors, SS-II for PCI
was an independent risk factors for all cause mortality (odds ratio: 2.77, 95% CI: 1.13-8.06; P = 0.04). Kaplan-Meier curves showed higher
event rates for all cause mortality and cardiac mortality in higher tertile of SS-II for PCI (Log-Rank test P = 0.002 and P = 0.001, respec-
tively). SS-II for PCI predicted one year mortality in octogenarian population undergoing PCI. Conclusions In octogenarian, SS-IT which
incorporated clinical variables with angiographic anatomy variable was suitable in risk stratifying and predicting clinical outcomes at one year.
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1 Introduction

Percutaneous coronary intervention (PCI) in elderly pop-
ulation is increasing. These patients were often excluded in
major randomized controlled trials.!"! Short and long term
survival data after PCI in this subset of population were
scarce and predominantly came from small observational
studies with low level evidence.®! Furthermore, this cohort
is often accompanied with more co-morbidities, more likely
to face procedural complications and worse in-patient out-
comes and quality of life after PCI compared to younger
patients.*” Therefore, risk stratification in this population
is essential to understand better which patients would likely
to have better outcomes with PCI.

Multiple risk stratification models had been suggested to
have predicted outcomes in patients undergoing PCI. The
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SYNTAX (Synergy between Percutaneous Coronary Inter-
vention with TAXUS and Cardiac Surgery) score quantifies
coronary lesions with respect to their location and anatomi-
cal complexity. The SYNTAX score (SS) was developed to
aid clinicians in choosing the optimum revascularization
approach in patients with complex coronary artery dis-
ease.™! For many years, it was considered an important tool
in decision making between these choices of revasculariza-
tion and advocated in European and US guidelines.!"*'" It
was validated in numerous studies and shown to be predic-
tive for clinical outcomes in patients undergoing PCL!'* ')
However, it was a sole angiographic grading tool only with
no consideration for clinical factors.

Clinical factors have been known to have impact on long
term outcomes in patients undergoing PCL. Some studies
have demonstrated that the addition of clinical variables
might provide a better risk stratification and predictive value
than anatomical complexity alone.'"*'”) SYNTAX score I
(SS-II) was recently developed by applying a Cox propor-
tional hazards model to the results of the SYNTAX trial.
SS-II provided difference in four year mortality rate predic-
tion for patients undergoing PCI or coronary artery bypass
surgery (CABG).?” It was internally validated in the
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SYNTAX trial and externally validated in the multinational
DELTA and Credo-KYOTO registries for eastern popula-
tion.”***! The purpose of our study was to determine the
usefulness of SS-II in predicting clinical outcomes in octo-
genarian population at one year from distinct, regional epi-
demiological characteristics.

2 Methods

2.1 Study population

Data from three consecutive years of octogenarian un-
dergoing PCI from Ruijin Hospital (Shanghai, China) were
retrospectively collected. Inclusion criteria were all patients
at their eight decade of life undergoing PCI with drug
eluting stent (DES) for single or multivessel disease. Exclu-
sion criteria were previous CABG history and the presence
of other severe diseases with less than one year survival.
From a total of 345 patients who fitted the inclusion criteria,
nine patients were excluded from missing angiographic data
and 13 patients were excluded from missing follow up data.
After excluding patients with previous CABG history, a
total of 308 patients were finally included in analysis.

22 SSI

SS-II has been described previously.”” In briefs, SS-II
was derived using the predefined algorithm by including
anatomical SS, the presence of left main disease and six
different clinical variables into account resulting in SS-IL
The six clinical variables include age, creatinine clearance
(CrCl), left ventricular ejection fraction (LVEF), sex, chro-
nic obstructive pulmonary disease (COPD), and peripheral
vascular disease (PVD). CrCl was defined by the Cockeroft
and Gault formula.”” LVEF was taken by transthoracic
echocardiography or diagnostic left ventriculography. COPD
followed EuroSCORE definition which was defined by the
use of long term bronchodilators or steroids for lung dis-
ease.* PVD followed Arterial Revascularization Therapies
Study Part I (ARTS I) definition.”” The SS-II resulted in
two different score for PCI and CABG each. Each score
showed four year mortality rate prediction following revas-
cularization with PCI or CABG. Theoretically, revasculari-
zation method should be chosen based on which mode of
revascularization had the better mortality rate prediction.

2.3 Study endpointsand data collection

The purpose of this study was to assess the capabilities of
SS-II for PCI in risk stratifying and predicting one year
clinical outcomes in octogenarian undergoing PCI. The
primary endpoints were all cause mortality and cardiac
mortality at one year. Cardiac mortality was defined as all

death attributable from cardiovascular causes and all death
from unknown or was not attributable from non-cardiova-
scular events. Secondary endpoint was main adverse car-
diovascular and cerebrovascular events (MACCE) at one
year. MACCE was defined as a composite of all cause mor-
tality, myocardial infarction, stroke, cardiac hospitalization
and target lesion revascularization (TLR).

Baseline data were collected from hospital database and
assessed retrospectively. Follow up data were collected
from hospital database for primary and secondary endpoints
at one year or by telephone interview if no data from hospi-
tal database was available. Anatomical SS was calculated
using the online version of SS score calculator (www.syn-
taxscore.com) by two cardiologists blinded to the study
baseline and follow up data. In case of disagreement, a third
observer was involved and the final decision was made by
consensus. SS-1I for PCI was calculated using a normogram
presented by Farooq, et al*”! Patients were stratified ac-
cording to tertiles of SS-II for PCI and baseline clinical
characteristics and clinical outcomes were compared across
these groups.

2.4 Statistical analysis

Data were presented as mean + SD if continuous and
presented as number (percentages) if categorical. Differ-
ences between groups for continuous data were evaluated
with the Student’s t test or Mann-Whitney U test as appro-
priate. For categorical variables, differences between groups
were evaluated with the Chi-square test. Patients were stra-
tified according to tertile distribution of SS-II for PCI (SS-II
< 26, SS-II: 27-31 and SS-II > 31) and the clinical out-
comes between these groups were determined using the
Kaplan-Meier and compared using the Log-Rank test. Clin-
ical outcomes according to tertiles of anatomical SS were
also determined using the same method. Possible associa-
tion between anatomical SS and SS-II for PCI with all cause
mortality was performed using multivariable regression
analysis with adjustment for age, sex, body mass index,
smoking history, diabetes mellitus (DM), hypertension, hy-
perlipidemia, multivessel disease, COPD and CrCl. All sta-
tistical analysis was performed using SPSS 23.0 for Win-
dows (SPSS, Inc. Chicago, IL, USA). All tests were two-
sided with an overall significance of alpha = 0.05.

3 Reaults

3.1 Basdinecharacteristics

All data from 80-89 years old patients undergoing PCI in
Ruijin hospital (Shanghai, China) between 2012 until 2014
were collected. On the basis of exclusion criteria, a total of
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308 patients were finally included in analysis. Mean value
of SS-II for PCI was 28.66 + 6.38. Baseline characteristics

and the comparison between groups were presented in Table 1.

Patients in higher tertile of SS-II for PCI were associated
with older, more proportion of female, shorter, more fre-
quently had COPD and previous myocardial infarction with
lower weight, LVEF, and CrCl. Angiographic characteris-
tics according to tertiles of SS-II for PCI were presented in
Table 2. Patients in higher tertile had more proportion of
three vessels disease and involvement of left anterior de-
scending artery (LAD) and right coronary artery (RCA).

3.2 Primary and secondary endpoints

At one year, the rates of all cause mortality, cardiac mor-
tality and MACCE was 7.5%, 5.8% and 13%, respectively.
All cause mortality was 1.9%, 5.9%, and 14.7% in low,
intermediate and high tertiles of SS-II for PCI, respectively
(P =0.002). Cardiac mortality was 1%, 3.9%, and 12.7% (P
= 0.001) and MACCE was 6.7%, 16.7%, and 15.7% (P =
0.065). Primary and secondary endpoints for each tertiles of
SS-II were shown in Table 3.

Table 1. Basdine clinical characteristics according to SS-1
for PCI tertiles.

Lowtertile Intermediate Hightertile P
(n=104) tertile(n=102) (n=102) Value
Age, yrs 82.39+222 8244+234 83.29+2.62 0.011
Female 12/104 (11.5%) 38/102 (37.3%) 78/102 (76.5%) <0.001
Weight, kg 68.02+9.72  6242+9.35 58.73+8.2 <0.001
Height, cm 167.41 £6.63 163.04+8.05 159.19+6.85 <0.001

Smoking history 0.09
Current smoker  10/104 (9.6%)  5/102 (4.9%)  5/102 (4.9%)

11/104 (10.6%) 6/102 (5.9%)  3/102 (2.9%)

None 83/104 (79.8%) 91/102 (89.2%) 94/102 (92.2%)
Diabetes mellitus 35/104 (33.7%) 37/102 (36.3%) 45/102 (44.1%) 0.275

Ex-smoker

Hypertension 78/104 (75%) 77/102 (75.5%) 87/102 (85.3%) 0.129
Hyperlipidemia ~ 7/104 (6.7%)  5/102 (4.9%) 4/102(3.9%)  0.653
Family history

1/104 (1%) 2/102 (2%) 1/102 (1%) 0.77
of CAD
Previous MI 18/104 (17.3%) 24/102 (23.5%) 35/102 (34.3%) 0.017
Previous PCI 37/104 (35.6%) 28/102 (27.5%) 25/102 (24.5%) 0.194

Previous stroke  20/104 (19.2%) 16/102 (15.7%) 16/102 (15.7%)  0.735

COPD 2/104 (1.9%)  8/102 (7.8%) 12/102(11.8%) 0.022
LVEF, % 63.79 £6.13 61.92+£9.65 569+1041 <0.001
Creatinine,

83.5+21.36 94.74+33.19 101.47+37.5 <0.001
umol/L
CrCl, mL/min 59.36 £13.53 47.15+11.59 38.92+10.57 <0.001

Values are n/N (%) or mean = SD. CAD: coronary artery disease; COPD:
chronic obstructive pulmonary disease; CrCl: creatinine clearance; MI:
myocardial infarction; LVEF: left ventricular ejection fraction; PCI: percu-

taneous coronary intervention; SS-II: SYNTAX score II.

Table 2. Angiographic characteristics according to SS-1 for
PCI tertiles.

Low tertile Intermediate Hightertile P-

Total :
(n=104) tertile(n=102) (n=102) value

One, two, or thee vessels disease <0.001

Onevessel 133 61(58.7%) 43 (42.2%) 29 (28.4%)

Two vessels 120 35(33.7%) 44 (43.1%) 41 (40.2%)

Three vessels 55 8 (7.7%) 15(14.7%) 32 (31.4%)
Chronic total

. 41 7 (6.7%) 21(20.6%) 13 (12.7%)  0.013

Occlusion
Lesion localization

Left main 19 4 (3.8%) 6(5.9%) 9 (8.8%) 0.329

LAD 226 64(61.5%) 77(75.5%) 85(83.3%)  0.002

LCX 154 52(50%) 45(44.1%)  57(559%) 0.244

RCA 156 38(36.5%) 53 (52%) 65 (63.7%) <0.001
Number of stents 124+0.57 145+0.73 1.47+£0.74  0.028

30.14+£17.94 35.09+19.47 36.99+21.28 0.036
291+£047 3+0.45 2.88+£0.4 0.128
12.82+£8.6 1895+10.16 244+11.74 <0.001

21.85+£2.92 2845+1.55 3582+3.6 <0.001

Stent length, mm
Stent diameter, mm
Anatomical SS

SS-II for PCI

Values are n, n (%) or mean + SD. LAD: left anterior descending artery;
LCX: left circumflex artery; PCI: percutaneous coronary intervention; RCA:
right coronary artery; SS: SYNTAX score; SS-1I: SYNTAX score II.

Table 3. Adverseischemic outcomes at one year of follow up
accordingto SS-1 for PCI tertiles.

Lowtertile Intermediate High tertile P

(n=104) tertile(n=102) (n=102) Value
All cause mortality 2 (1.9%) 6 (5.9%) 15(14.7%) 0.002
Cardiac mortality 1 (1%) 4(3.9%) 13 (12.7%)  0.001
Non-cardiac

. 1 (1%) 2 (2%) 2 (2%) 0.806

mortality
Stroke 1 (1%) 4(3.9%) 1 (1%) 0.211
MI 0 1 (1%) 0 0.363
Cardiac

4(3.8%) 7 (6.9%) 4(3.9%) 0.52

Hospitalization
TLR 1 (1%) 2 (2%) 1(1%) 0.77
MACCE 7 (6.7%) 17 (16.7%) 16 (15.7%) 0.065

Values are n (%). MACCE: major adverse cardiac cerebrovascular events;
MI: myocardial infarction; PCI: percutaneous coronary intervention; SS-II:

SYNTAX score II; TLR: target lesion revascularization.

3.3 Predictive value of SS-II for PCI and anatomical
SSin octogenarian

After adjusting for confounding factors, SS-II for PCI
was independently associated with all cause mortality (Odds
ratio: 2.77, 95% CI: 1.03-7.42; P = 0.043). Anatomical SS
was not associated with all cause mortality after adjusting
for the same confounding factors. Multivariable logistic
regression analysis for all cause mortality was shown in
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Table 4. Kaplan-Meier curves showed higher event rates for
all cause mortality and cardiac mortality in higher tertile of
SS-II for PCI (Log-Rank test P = 0.002 for all cause mortal-
ity and Log-Rank test P = 0.001 for cardiac mortality).
However, this is not the case for MACCE (Log-Rank test P
= 0.065) (Figure 1). Kaplan-Meier curves for all endpoints
in anatomical SS showed no significant difference between
groups (Log-Rank test P =0.113, P =0.121, and P = 0.081
for all cause mortality, cardiac mortality and MACCE re-
spectively). These results suggest that, in octogenarian,
scoring system like SS-II which incorporated clinical vari-
able with angiographic variable was more accurate in risk
stratifying and predicting mortality at one year.

4 Discussion

The main results of the present study were as follow: (1)
ss-I for PCI predicted mortality among octogenarian pa-
tients undergoing PCI; and (2) risk stratification scoring sys-
tem like SS-II which incorporating clinical variables with
angiographic variable stratified octogenarian populations for
clinical outcomes more accurate than anatomical SS.

The main strength of the present study was this study in-
vestigated the clinical outcomes of octogenarian population
which were often excluded and underrepresented in large
randomized controlled trials. Elderly population presented
with more comorbidities than younger population and faced
more procedural complications after PCL2**") Several stud-
ies showed that PCI in elderly population is feasible and risk
stratification in this population is essential.** *” Teqn, et al.*"
found that in patients aged 80 years or more with NSTEMI
or unstable angina, an invasive strategy was superior to a
conservative strategy in the reduction of composite events
(myocardial infarction, need for urgent revascularization,
stroke and death). Risk stratification in elderly patients un-
dergoing PCI has been studied in numerous studies. These
studies suggested that clinical variables when combined
with angiographic variable could predict clinical outcomes
better than angiographic variable alone."*”!

Several studies investigated the capabilities of SS-II for
PCI to appropriately stratify the risk of all cause mortality in
patients in different subset of population after PCI. They
suggested that SS-II was a more superior scoring system
than anatomical SS in these patients.”**? Similar to our
findings, SS-II was more accurate in stratifying the risk of
all cause mortality and cardiac mortality in our population.
However, when predicting the risk of MACCE, no signifi-
cant difference between these groups was detected (Log-
Rank test P = 0.065).

The present study showed that risk stratification with
anatomical SS showed no significant difference in predict-
ing all-cause mortality, cardiac mortality and MACCE in
our subjects. After adjusting for confounding factors, ana-
tomical SS was not an independent predictor of mortality.
These results suggested that, angiographic variable alone
did not suffice to accurately stratify the risk of adverse
ischemic outcomes in this population. This could be ex-
plained by the fact that octogenarians presented with more
comorbidities highlighting the importance of clinical factors
in risk stratification model in predicting clinical outcomes
after PCI in this population. Several studies showed similar
association of anatomical SS with clinical outcomes. In an
analysis of CREDO-Kyoto PCI/CABG registry cohort-2
including only triple-vessel coronary artery disease, Tazaki,
et al.’* reported that the benefit of risk stratification with

Table4. Predictorsof mortality after PCI.

Variables OR (95% ClI) P value
*Logistic regression analysis with anatomical SS
Sex 0.46 (0.17-1.25) 0.126
Age 1.11 (0.92-1.33) 0.277
BMI 0.88 (0.73-1.07) 0.192
Smoking 0.99 (0.79-1.23) 0.905
DM 1.01 (0.39-2.65) 0.978
Hypertension 0.29 (0.1-0.82) 0.02
Hyperlipidemia 9.33(1.89-45.95) 0.006
MVD 2.33(0.76-7.16) 0.141
COPD 0.32(0.03-3.34) 0.344
CrCl 0.96 (0.92—-1.00) 0.049
Anatomical SS 1.56 (0.8-3.06) 0.192
Logistic regression analysis with SS-II for PCT
Sex 1.04 (0.32-3.43) 0.945
Age 1.08 (0.9-1.29) 0.429
BMI 0.87 (0.72-1.05) 0.152
Smoking 0.98 (0.78-1.22) 0.821
DM 1.08 (0.41-2.81) 0.883
Hypertension 0.31(0.11-0.88) 0.028
Hyperlipidemia 9.09 (1.8-45.85) 0.008
MVD 2.38 (0.8-7.06) 0.119
COPD 0.23 (0.02-2.33) 0.213
CrCl 0.99 (0.94-1.03) 0.596
SS-II for PCI 2.77 (1.03-7.42) 0.043

*Nagelkerke R*= 0.205, Hosmer-Lemeshow test = 0.894; “Nagelkerke R*=
0.224, Hosmer-Lemeshow test = 0.431. BMI: body mass index; COPD:
chronic obstructive pulmonary disease; CrCl: creatinine clearance; DM:
diabetes mellitus; SS: SYNTAX score; SS-II: SYNTAX score II; MVD:

multivessel disease; PCI: percutaneous coronary intervention.
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SS in subjects undergoing PCI could not be demonstrated.
Other studies showed that addition of clinical variables into
anatomical SS were proven to enhance its predictive value
such as Clinical SYNTAX score® and Logistic clinical
SYNTAX score.”*”

The SS-II was developed by applying Cox proportional
hazards to the results of the SYNTAX trial.* In the
SYNTAX trial, increasing age was independently associ-
ated with mortality.* Hence, one of the clinical variables in
calculating SS-II was age. The SS-II was calculated using
the normogram which was presented in the development
and validation of SYNTAX score II study.” The normo-
gram assigned scores for the presence and magnitude of
each predictor variable. However, in the age variable, the
maximal age was 80 years, indicating that no incremental
score was added to the subject above 80 years old. The fact
that the maximal score was for 80 years old, indicates that
octogenarian population was not or was underrepresented in
this study. For the present study, since all the subjects were
80 years old or more, the maximal score (score assigned to
80 years old) was used instead.

The presence of DM was not associated to mortality in
our study. This finding further confirmed the concept of
SS-II, which did not include the presence of DM to the
score. In the SYNTAX trial, DM was not an independent
predictor of mortality and did not produce an interaction
effect in affecting long term mortality between CABG and
PCLP® Once again, octogenarian population was also un-
derrepresented in these studies. The present study suggested
that, even in octogenarian population, DM was not an inde-
pendent predictor of mortality in patients undergoing PCI.

The limitations of the present study were as follow: first,
this study was retrospective in nature; second, this was a
small one center study with only 308 patients, with its limi-
tation; third, anatomical SS calculation is associated with
intraobserver and interobserver variability. Indeed, the cal-
culation of anatomical SS in this study was performed by
cardiologists with basic training in anatomical SS calcula-
tion. At last, the present study included octogenarian un-
dergoing PCI only. Subjects undergoing CABG were not
included in analysis.

In conclusion, in octogenarian population undergoing
PCI, the SS-II stratifies and predicts mortality at one year
more accurate than anatomical SS.
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