The Heart Surgery Forum #2016-1741
20 (6), 2017 [Epub December 2017
doi: 10.1532/hsf.1741

Online address: http://journal.hsforum.com

Identify Unsuitable Patients with Left Main Coronary Artery Disease in

Intermediate SYNTAX Scores Treated by Percutaneous Coronary Intervention

Chunxiao Zhang MD,' Yaguang Zheng PhD,? Xinbin Liu MD,? Yutong Cheng MD,* Yang Liu MD,’

Yan Yao MD,* Xinguo Wang MD,* Jianping Xu MD*

'Department of Cardiovascular Surgery, Beijing Anzhen Hospital, Capital Medical University, Beijing, China; Department
P gery, benjing P P ty, beying P

of Cardiovascular Surgery, Peking University International Hospital; ?Connell School of Nursing, Boston College, Boston,

MA, USA; *Department of Cardiovascular Surgery, Aerospace Center Hospital, Beijing, China; *Department of Cardiology,
Beijing Anzhen Hospital, Capital Medical University, Beijing, China; *Department of Cardiology, No. 305 Hospital of People’s
Liberation Army (PLA), Beijing, China; ‘Department of Cardiovascular Surgery, Fuwai Hospital, Chinese Academy of Medical

Sciences, National Center for Cardiovascular Diseases; Department of Cardiovascular Surgery, Peking University International

Hospital, Beijing, China

ABSTRACT

Background: With the follow-up extending to 5 years,
the outcomes of SYNTAX (Synergy Between Percutaneous
Coronary Intervention with TAXUS and Cardiac Surgery)
trial were comparable between coronary artery bypass graft
(CABG) and percutaneous coronary intervention (PCI) in
left-main (LM) patients with intermediate SYNTAX scores
of 23-32. A subdivision depending on SYNTAX score will
help to identify unsuitable LM patients with intermediate
SYNTAX scores to receive PCI treatment.

Methods: Between January 2011 and June 2013, 104
patients with LM Coronary Artery Disease (CAD) undergo-
ing PCI were selected retrospectively. We compared clini-
cal outcomes in patients with SYNTAX score <27 and >27.
The follow-up time was 25.23 + 7.92 months. Kaplan-Meier
survival analyses and Cox proportional hazards models were
used to compare various outcomes between two groups.

Results: Higher rates of repeated revascularization
(18.2% versus 4.2%, P = .027) and major adverse cerebro-
cardiovascular events (MACCE) (24.2% versus 7.0%,
P = .014) were shown in patients with SYNTAX score > 27.
After multivariate adjustment, a significant higher risk of
repeated revascularization (hazard ratio: 6.25, 95% confi-
dence interval: 1.48 to 26.37, P = .013) and MACCE (hazard
ratio: 4.49, 95% confidence interval: 1.41 to 14.35, P = .011)
were also found in patients with SYN'TAX score > 27.

Conclusions: Based on the higher rate of repeated revascu-
larization and MACCE, patients with LM CAD and interme-
diate SYNTAX scores will need a subdivision to identity the
one not benefit from PCL. CABG is still the standard treatment
method for patients of LM CAD with a SYNTAX score of > 27.
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INTRODUCTION

The SYNTAX (Synergy Between Percutaneous Coronary
Intervention With TAXUS and Cardiac Surgery) score was
developed using a combination of several previously validated
angiographic classifications that aimed to grade the coro-
nary artery anatomy with respect to the number of lesions
and their functional impact, location, and complexity[Sianos
2005]. The prognostic utility of the SYNTAX score has been
recently validated in different settings, including in patients
with three-vessel [Valgimigli 2007; Lemesle 2009] or left
main (LM) coronary artery disease (CAD) [Birim 2009;
Capodanno 2009] that underwent either percutaneous coro-
nary intervention (PCI) or coronary artery bypass grafting
(CABG). However, the SYNTAX score was originally con-
ceived as an aid to decision making for PCI patient selection.
From this perspective, how to distinguish patients who will
most benefit from PCI is of clinical interest.

With the follow-up extending to 5 years, the SYNTAX
trial demonstrated that a SYNTAX score of > 33 is associ-
ated with higher risk of major adverse cerebro-cardiovascular
events (MACCE) after PCI [Kappetein 2011; Morice 2014].
The difference for patients with intermediate SYN'TAX scores
(23-32) between CABG and PCI further increased, with the
exception of those patients with LM CAD, where outcomes
between CABG and PCI were comparable [Kappetein 2011].
In this study, we focused on identifying which patients in the
subgroup of LM CAD with intermediate SYNTAX scores
were unsuitable to be treated by PCI by developing a new
threshold point for intermediate SYNTAX scoring.

MATERIALS AND METHODS

Study population

From January 2011 to June 2013, all consecutive patients
with multi-vessel CAD involving LM undergoing PCI at our
center were enrolled retrospectively into a registry database.
The inclusive criteria were: 1. Age of patients was greater
than 18 years old; 2. The target vessels were no less than two
major branches of the coronary arteries, such as LAD, right
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Table 1. Clinical Demographic Characteristics of Patients

SYNTAX SYNTAX

Score <27(71)  Score 227(33) P
Age (years)* 60.96+9.74 58.79+10.0 .27
Female gender 8(11.3%) 2(6.1%) .50
Pre-Ml 32(45.1%) 12 (36.4%) .40
Pre-PCl 9(12.7%) 3(9.1%) 75
Diabetes 15(21.1%) 8(24.2%) .72
Hypertension 42(59.2%) 17(51.5%) 46
Hyperlipoidemia 35(49.3%) 14(42.4%) .51
Family history of CAD 4(5.6%) 3(9.1%) .68
Pre-CVD 4(5.6%) 1(3.0%) .54
PVD 1(1.4%) 1(3.0%) .54
Smoking history 35(49.3%) 14(42.4%) .51
Location of lesions
RCA 67(94.4%) 27(81.8%) .04
LCX 46(64.8%) 23(69.7%) .62
PLAD 63(88.7%) 28(84.8%) 75
Three-vessel disease 44(62.0%) 18(54.5%) A7
LVEF (%)* 58.60+10.35 60.40+11.01 32
Total number of lesions* 2.58+0.50 4.27+0.57 <.001
Total number of stents* 2.62+0.70 3.82+1.01 <.001
Pre-operation TIMI* .96
0 5(7.0%) 3(9.1%)
1 4(5.6%) 2(6.1%)
2 4(5.6%) 1(3.0%)
3 58(81.7%) 27(81.8%)

MI, myocardial infarction; PCI, percutaneous coronary intervention; CAD,
coronary artery disease; CVD, cerebrovascular disease; PVD, peripheral
vascular disease; RCA, right coronary artery; LCX, left circumflex coronary
artery; PLAD, proximal left anterior descending coronary artery; LVEF, left
ventricular ejection fraction; TIMI, TIMI grade of blood flow. *Wilcoxon
rank sum test.

coronary artery (RCA), left circumflex artery (LCX) and left
main branch (LM); 3. One of the target vessels was LM; 4.
The SYNTAX score was between 20 and 35. 104 patients
were selected from this database.

Procedural and post-intervention practices

The procedural choice was made by the consensus of the
cardiologists and cardiac surgeons in the study group. The
details of the treatment would be revealed to the patients.
Then, a final authorization from the patients and their family
would be obtained. The interventional strategy, as well as the
choice of the various devices and the administration of thera-
pies during the procedure, was left to the operator’s discretion
and standard practice. After the procedure, patients treated
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with DES were prescribed Clopidogrel for at least 1 year.
Aspirin was prescribed for all patients daily.

SYNTAX score calculation

The total SYNTAX score was derived from the sum-
mation of the individual scorings for each separate lesion
(defined as > 50% stenosis in vessel > 1.5 mm). Full details on
SYNTAX score calculation were reported elsewhere [Sianos
2005]. All angiographic variables pertinent to SYNTAX score
calculation were computed by 2 of 3 experienced cardiologists
who were blinded to procedural data and clinical outcome on
angiograms was obtained. In case of disagreement, the opin-
ion of the third observer was obtained, and the final decision
was made by consensus.

Clinical outcomes and follow up

The primary endpoints of this study included cardiac
death; postoperative myocardial infarction based on new
Q-waves or troponin I levels of 5 times greater than normal
value; repeated revascularization including all target and non-
target vessels; clinically evident stroke; stent thrombosis; and
the composite end points of all of the above (major adverse
cerebra-cardiovascular events (MACCE) [Cutlip 2007; Kip
2008]. The secondary endpoints included cardiac readmis-
sion and consistent chest pain after PCI. Also, the length of
stay in hospital and total cost for medical care in hospital were
evaluated. All clinical follow-up data was collected by direct
telephone interviews.

Statistical analysis

According to the previous studies, a SYNTAX score of
27 was chosen as the cut-off point. Divided by the SYNTAX
score < 27 and > 27 [Capodanno 2009], patient characteristics
were compared between the two groups. Differences in con-
tinuous variables between subgroups of patients were evalu-
ated using Student’s unpaired t tests or Wilcoxon rank sum
nonparametric tests as appropriate. The normality assumption
for continuous variables was evaluated by the Kolmogorov-
Smirnov test. Categorical variables were presented as counts
and percentages. The differences in categorical variables
between patient subgroups were evaluated with chi-square
test or Fisher exact test. The cumulative rates of primary end-
points were estimated by the Kaplan-Meier method, and the
log-rank test was used to evaluate differences between groups.

"To reduce the effect of selection bias and potential con-
founding in this observational study, the outcome parameter
was adjusted by means of a Cox multivariable proportional
hazard regression model with the propensity score, which
was calculated from variables deemed clinically relevant or
statistically significant in the univariate analysis, such as age,
gender, previous myocardial infarction (MI), previous PCI,
diabetes, hypertension (DBP > 90 and/or SBP > 140), hyper-
lipoidemia, family history of coronary artery disease (CAD),
previous cerebrovascular disease (CVD), peripheral vascular
disease (PVD), smoking history, left ventricular ejection frac-
tion (LVEF), total number of stents, TIMI grade of blood
flow, and location of the lesions, including right coronary

artery (RCA), left circumflex coronary artery (LCX), and
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Figure 1. Kaplan-Meier survival analyses used to compare repeated
revascularization between the two groups.

proximal left anterior descending coronary artery (PLAD).
The interaction effect of a SYNTAX score > 27 was deter-
mined by a Cox proportional hazard regression analysis with
the investigated cut-off point and adjusting propensity score
entered into the model. For all analyses, a 2-sided value of
P < .05 was considered statistically significant. All data was
processed using the Statistical Package for Social Sciences
version 15 (SPSS Inc., Chicago, Illinois).

RESULTS

Baseline clinical and angiographic characteristics of the
study population were roughly similar between two groups
(Table 1). The mean age was 60.27 = 9.83 years old. The
number of males in this study group was 94 (90.4%). The
overall SYNTAX score in the study population did not
demonstrate a normal distribution (P < .001) but a distinct
right skewness, ranging from 20 to 35 with a median of 25
(interquartile range, 22 to 32) and a mean of 26.77 = 6.32.
Mean of SYNTAX score was 23.35 = 3.32 in lower risk group
(SYNTAX score < 27) and 30.71 = 3.12 in higher risk group
(SYNTAX score > 27) (P < .001).

Early clinical outcomes and bospitalization costs

There were no mortalities or complications during the
postoperative period before discharged in either group. The
length of stay (LOS) in hospital was similar between two
groups (P = .40). Cost of medical care in hospital between
two groups also showed non-significant difference (P = .57)
(Table 2).
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Figure 2. Kaplan-Meier survival analyses used to compare MACCE
between two groups.

Follow-up outcomes

No patients were lost in follow-up. A mean duration was
25.23 = 7.92 months (ranging 6 to 35 months based on the
date of enrollment). As shown in Table 2, there were no deaths
in either group. One patient (3.0%) suffered from post-MI
was reported in group with SYNTAX score > 27, and this
patient received revascularization in our institute. There were
two patients reported as clinically evident stroke in each group
(SYNTAX score > 27 group, 6.1% and SYNTAX score < 27
group, 2.8%; P =.59). Also, no patients with late stent throm-
bosis were found in either group. A significant difference was
shown between two groups when comparing the repeated
revascularization and MACCE. The rates of repeated revas-
cularization were 4.2% in group with SYNTAX score < 27
and 18.2% in group with SYNTAX score > 27 (P =.03). The
rates of MACCE between two groups were mainly driven by
the cases of repeat revascularization and showed significant
difference as well (SYNTAX score < 27 group, 7.0%; and
SYNTAX score = 27 group, 24.2%; P = .01).

In the survival analysis, the difference between two
groups was shown in Kaplan-Meier curves. The repeated
revascularization mostly occurred from 6 months to 18
months when followed up. The results of log rank test were
significant for repeated revascularization (P = .02) (Figure 1)
and MACCE (P = .015) (Figures 1, 2). After adjustment
for potential confounders, the results of Cox proportional
hazard regression analysis were also showed statistical sig-
nificance for repeated revascularization and MACCE (HR =
4.49, 95%CI, 1.41-14.35, P = .01 for MACCE; HR = 6.25,
95%ClI, 1.48-26.37, P = .01 for repeated revascularization;
Table 3).
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Table 2. Postoperative Outcomes

Table 3. Results of Cox Proportional Hazards Ratios for
Different Outcomes Between the Two Groups

SYNTAX score SYNTAX score
<27 (71) >27 (R) P Group HR* 95% Cl P
Mortality 0(0%) 0(0%) NS Repeat revascularization 6.25 1.48-26.37 .01
Postoperative Ml 0(0%) 1(3.0%) 0.32 MACCE 449 1:41-14.35 01
i i 0, 0
Repeat revascularization 3(4:2%) 6(18.2%) 0.03 *Propensity score adjusted. MACCE, major adverse cerebro-cardiovascular
Stroke 2(2.8%) 2(6.1%) 0.59 events; HR, hazard ratios; Cl, confidence interval.
Stent thrombosis 0(0%) 0(0%) NS
MACCE >(7.0%) 8(24.2%) 0.01 the rate of MACCE after CABG was significantly lower than
Cardiac readmission 14(19.7%) 9(27.3%) 0.39 after PCI [Kappetein 2011; Head 2014]. Some recent ran-
Chest pain 30(42.3%) 12(36.4%) 0.57 d}(l)mizzf/ld chnlcal trlzﬁs have Cgmparsed (’if&A]g(G with bPCI }iln
the atients with intermediate SYN score, but the
Hospital LOS (d)* 7.31 £3.52 6.61 % 3.39 0.40 pati .. ’
results remained negligible [Park 2011; Farkouh 2012].
, 62465.16 + 67452.92 & Insight into the LM CAD f patients with int di-
Total h tal t (¥)* 0.57 g group or patients with imtermedi
otal hospital cost (¥) 21891.65 27550.09

*Wilcoxon rank sum test. MI, myocardial infarction; MACCE, major adverse
cerebro-cardiovascular events; LOS, length of stay; Cl, confidence interval;
NS, nonsignificant.

The present study showed that in the intermediate
SYNTAX scores group of patients with LM CAD, the pres-
ence of a SYNTAX score > 27 was associated with a higher risk
of MACCE and repeated revascularization after PCI. After
adjustment for potential confounders, patients with SYNTAX
score > 27 treated with PCI had almost 5-fold increase in the
likelihood of about 2-year MACCE and 6-fold increase in
repeated revascularization comparing with the patients with
SYNTAX score < 27. Overall, these findings support that in
the intermediate SYNTAX scores group of patients with LM
CAD, a threshold of 27 is clinically useful to select unsuitable
ones who will not be benefit from PCI treatment.

The SYNTAX trial has demonstrated that CABG
remained the standard care for patients with three-vessel
or LM CAD due to the lower rates of the combined end
points of MACCE at 1 year [Serruys 2009]. With follow-up
extending to 3 years, the Kaplan-Meier curve of MACCE
after PCI or CABG in patients with low SYNTAX scores
(£ 22) remained superimposed. In patients with intermediate
SYNTAX scores (23-32), there was no significant difference
at 1 year, but the diverging curves during follow-up suggested
that CABG may be of greater benefit in these patients. For
patients with SYNTAX scores 233, the difference between
CABG and PCI further increased during follow-up, demon-
strating the superiority of CABG compared to PCI in this
subgroup. Detailed separate analyses of patients with LM and
three-vessel disease demonstrated similar findings, except for
patients with intermediate SYNTAX scores of 23-32, where
outcomes between CABG and PCI were comparable. Here
the difference between CABG and PCI seems negligible in
patients with LM disease. In those with three-vessel disease,
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ate SYN'TAX score through this study, the outcomes of follow
up was heterogeneous. In the patients above the threshold of
27, there were more MACCEs happened compared with the
group below 27. The repeated revascularization was the major
contribution to the difference between two groups. Higher
rate of repeated revascularization has always been criticized for
treatment with PCI in patients with complex CAD from the
era of bare metal stent (BMS) [Venkitachalam 2009]. Although
the application of drug eluting stent (DES) decreased the inci-
dence, it has been still a difficult problem to be solved until now
[Li 2009; Ben-Gal 2010; Park 2010; Takayama 2010]. As shown
in this study, there was a subgroup of LM CAD patients with
intermediate SYNTAX score who were not suitable for the
PCI treatment because of the repeated revascularization. The
lesions of the LM increased the difficulty and risk of PCI. This
may be the main reason for the higher rate of repeated revas-
cularization in this group of patients. Considering the updated
LM revascularization guidelines have recently assigned a class
IIb recommendation to PCI in patients with low/intermediate
SYNTAX scores, the current US and European revascular-
ization guidelines assign CABG a IA indication in most LM
CAD patients with 1, 2, or 3 VD with low, intermediate, or
high SYNTAX scores [Hillis 2011; Kolh 2014] and the ongo-
ing Evaluation of Xience Prime or Xience V versus CABG for
Effectiveness of Left Main Revascularization (EXCEL) trial is
enrolling LM patients with mild-to-moderate anatomic com-
plexity (SYNTAX score < 32) using a more contemporary stent
and current surgical techniques, it is worth sheding more light
on the controversial issues of LM revascularization. Through
this study, although there was not a control group of CABG
with SYNTAX score > 27 comparing with the PCIL, we can
compare the results from a previous study that the outcomes of
the CABG-treated LM CAD group with SYNTAX score > 27
were better [Holzhey2010]. The inference is that CABG is still
the standard treatment method for patients with LM CAD in
SYNTAX score > 27.

Study limitations
As a preliminary study, the observed study design and the
sample size were limitations for this study. It only showed
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a major trend for further study. A random clinical trial will
be necessary. Also, we need to compare the PCI and CABG
directly between the subgroup of SYNTAX score of 27-32 in
future studies.

This study demonstrated that not all LM patients with
intermediate SYNTAX scores will benefit from treatment
of PCI. A threshold of SYNTAX score of 27 will be helpful
to identifying the unsuitable patients undergoing PCI treat-
ment. Because of the higher rate of repeated revascularization,
CABG will be stll the standard treatment method for LM
CAD patients with intermediate and high SYNTAX scores.
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