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Background: TSL and ASD in patients treated with PCl are associated with major

Funding information adverse cardiovascular events. However, the treatment effect of PCl with extensive
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Foundation of Heart Research and/or small stenting as compared with coronary artery bypass grafting (CABG) for

complex coronary artery disease has not been fully evaluated.

Methods: Impacts on mortality of extensive stenting defined as TSL >100 mm and
small stenting as ASD <3 mm were analyzed in 893 PCI patients and were compared
to 865 CABG patients.

Results: TSL as a continuous variable was significantly associated with 10-year mor-
tality (adjusted hazard ratio [HR], 1.05 [1.01-1.09] per 10 mm increase). PCI patients
with extensive stenting had a higher 10 year mortality than CABG patients (adjusted
HR, 1.97 [1.41-2.74]) or not- extensive stenting PCI (adjusted HR, 1.94 [1.36-2.77]).
Although ASD did not have a significant association with 10 year mortality (adjusted
HR, 0.97 [0.85-1.11] per 0.25 mm increase), PCl with small stents was associated
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1 | INTRODUCTION

In the era of bare-metal stents (BMS), stent length and stent diameter
in patients treated with percutaneous coronary intervention (PCl)
were associated with an increased risk of restenosis.? Drug-eluting
stents (DES) significantly reduced neointimal hyperplasia and
improved clinical outcomes compared to BMS. However, stent length
still has been associated with major adverse cardiovascular events, and
the rate of restenosis has also been higher in small vessels than in large
vessels, although thresholds for stent length and small vessels associ-
ated with detrimental results varied among studies.>® PCI with longer
and smaller stents are intrinsically related with advanced and extensive
atherosclerotic disease manifest in complex anatomic features that can
be semiquantified by the anatomical SYNTAX score® and coronary
artery bypass grafting surgery (CABG) may remain the gold standard of

revascularization in these instances. The SYNTAXES trial®?

of patients
with three-vessel disease (3VD) or left main coronary artery disease
(LMCA) randomized to undergo either CABG or PCl allows assessment
of (i) the impact of total stent length (TSL) and average nominal stent
diameter (ASD) on 10 year all-cause mortality and 5 year cardiovascular
mortality after PCI, (i) the relationship between 10 year all-cause mor-
tality or 5 year cardiovascular mortality and revascularization strategy
(extensive and/or small stenting PCI vs. CABG), and (iii) the relationship
between the anatomical SYNTAX score and the procedural use of

extensive and small stents per patient.

2 | MATERIALS AND METHODS

21 | Study design and participants

The design and results up to 5 years of the SYNTAX trial (NCT00114972)
have been reported previously.*?** The vital status up to 10 years has
been reported in the SYNTAXES study (NCT03417050). In brief, the
SYNTAX trial was a prospective, multicenter, international randomized con-
trolled trial. Patients with de novo 3VD and/or LMCAD, who were antici-
pated to achieve a clinical equipoise between CABG and PCl based on
clinical assessment and the consensus of a Heart Team, were enrolled and
randomized in a 1:1 fashion either to receive PCl (n = 903) with TAXUS

with a higher 10 year mortality, compared to CABG (adjusted HR, 1.66 [1.23-2.26])
and PCl performed with large stents (adjusted HR, 1.74 [1.19-2.53]). Patients treated
with not-extensive and large stents had similar mortality rates (24.0 versus 23.8%) as
those treated with CABG.

Conclusions: Extensive and small stenting were associated with higher 10 year mor-
tality, compared with CABG. When patients have to be treated with extensive or

small stenting, revascularization with CABG should be preferred.

coronary bypass grafts, percutaneous coronary intervention, stent, drug eluting.

Express paclitaxel-drug eluting stents (Boston Scientific Corporation,
Marlborough, MA) or CABG (n = 897) between March, 2005, and April,
2007. The ethics committee at each investigating center approved the trial
and all participates provided their written informed consent prior to enrol-
ment. Follow-up was performed in accordance with local law and regula-

tions of each institution and complied with the Declaration of Helsinki.

2.2 | Endpoints and definitions
TSL is the sum of all stents implanted per patient and ASD is the aver-
age diameter of all stents implanted per patient. Analysis of “extensive
stenting,” defined as TSL >100 mm per patient was prespecified in the
protocol and the design paper.}2 Conversely, patients with a TSL of less
than or equal to 100 mm are refered as “not-extensive stenting.” “Small
stenting” characterized a patient having an ASD of less than 3 mm,
since the median of ASD was 3 mm for the entire cohort. Conversely,
large stenting refered to a patient with an ASD larger or equal to 3 mm.
Vital status was confirmed by contact with medical care person-
nel or using electronic healthcare record review and national death
registries. Patients with missing vital status were included in the anal-
ysis and censored at the time of lost to follow-up. Patients in insti-
tutes that did not participate in the SYNTAXES study for 10 year
extended follow-up (five patients in two institutes) were censored at
5 years. The causes of death (cardiovascular or non-cardiovascular)

were adjudicated by a central and independent CEC up to 5 years.

2.3 | Statistical analysis

All the analyses were performed according to the as-treated principle. The
cumulative incidence of death was calculated using the Kaplan-Meier
method. Kaplan-Meier survival curves were analyzed using the log-rank
test. To adjust for baseline differences, propensity score matching analysis
was performed. The propensity score was estimated by using a multivari-
able logistic regression model that included the following baseline vari-
ables: age, sex, body mass index, medically treated diabetes, hypertension,
dyslipidemia, current smokers, previous Ml, previous cerebrovascular dis-

ease, peripheral vascular disease (PVD), chronic obstructive pulmonary
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disease, chronic kidney disease (defined as creatinine clearance
<60 ml/min), left ventricular ejection fraction (LVEF), clinical presen-
tation (silent ischemia, stable angina or unstable angina), disease type
(LMCAD or 3VD), and anatomical SYNTAX score. Patients in each
group were matched on the logit of the propensity score with a cali-
per distance of 0.1 times the standard deviation of the logit of the
propensity score.

Hazard ratios (HRs) with 95% confidence intervals (Cls) for mor-
tality was determined on the basis of Cox proportional hazards regres-
sion, and the same baseline variables for propensity score matching
were applied for adjustment. Continuous relationships between death
and TSL or ASD were depicted using restricted cubic spline function
from the adjusted Cox regression model. Continuous variables were
expressed as mean + SD, and were compared using Student's t-test,
Mann-Whitney U test, or Welch's ANOVA as appropriate. Categorical
variables were reported as numbers and percentages, and were com-
pared using chi square or Fisher's exact test as appropriate. A two-
sided p-value < .05 was considered statistically significant. Analyses
were performed using JMP Pro14 (SAS Institute, Cary, NC), Stata

15 (StataCorp, College Station, TX) and R version 3.6.0 (R Foundation

for Statistical Computing, Vienna, Austria).

3 | RESULTS

3.1 | Study population

Out of 1800 patients, 34 patients who did not receive PCl or CABG
were excluded, and 901 and 865 patients actually received PCl and
CABG, respectively (Figure 1a). Details of procedure were not avail-
able in eight patients out of 901 patients treated with PCl. Out of
893 patients, 191, 117, 234, and 351 patients were treated with “exten-

2 < ” <

sive and small stents,” “not-extensive and small stents,” “extensive and
large stents,” and “not-extensive and large stents,” respectively. The dis-
tribution of TSL and ASD per patient are shown in Figure 1b,c. Com-
pared with patients treated with not-extensive stenting PCl and those
treated with CABG, patients treated with extensive stenting PCl had a

higher prevalence rate of hypertension and a lower prevalence of PVD

(a) | 1800 patients

34 patients who did not
receive PCl or CABG

| 1766 patients

!

!

901 patients received PCI I | 865 patients received CABG |

8 patients in which PCI
information was not available

|

! !

191 patients treated
with extensive
stenting and small
stents

117 patients treated
without extensive
stenting and with

small stents

234 patients treated
with extensive
stenting and large
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351 patients treated
without extensive
stenting and with

large stents
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Study population flow chart. (a) Study population flow chart. (b) Distribution of total stent length (TSL) in patients treated with

percutaneous coronary intervention (PCI). (c) Distribution of average nominal stent diameter (ASD). CABG, coronary artery bypass grafting

surgery
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(Table S1). By angiographic core laboratory analysis, patients
treated with extensive stenting PCl had higher rates of 3VD, lesion
length of >20 mm, bifurcation lesions and higher SYNTAX score
(Table S1). Patients treated with small stents were more frequently
and had higher
cerebrovascular disease than patients treated with large stents or
CABG (Table S2). In addition, patients treated with small stents had

higher rates of 3VD, lesion length of >20 mm, bifurcation lesion,

female, rates of diabetes and previous

and had more numerous lesions.

When TSL and ASD were analyzed according to disease type,
LMCAD were associated with short and large stenting (Table S3). In
patients with LMCAD categorized as small stenting, ASDs were
smaller both in LM and non-LM lesions compared with those catego-
rized as large stenting (Table S4).

3.2 | TSL, ASD, and the SYNTAX score

The low-SYNTAX (<22) score has the shortest TSL, the lowest per-
centage of extensive stenting, the largest ASD and the lowest
percentage of small stenting (Table S3). Conversely the high-
SYNTAX (>33) score shows the longest TSL as well as the highest
percentage of extensive stenting. Compared with patients with low-

SYNTAX score, those with intermediate and high-SYNTAX scores
had a higher percentage of small stenting (41.4 vs. 51.8%, p = .034,
and 41.4 vs. 49.1%, p = .201, respectively) and their absolute diame-
ters were smaller (3.13 £ 0.47 vs. 2.99 + 0.33, p = .003, and 3.13
+0.47 vs. 3.01 £ 0.33, p = .035, respectively). However, individual
correlations between the SYNTAX score, TSL, and ASD were poor
(Figure S1).

3.3 | Mortality rates according to revascularization
strategy (PCl vs. CABG)

PCI with extensive stenting (TSL >100 mm) was associated with a
higher rate of all-cause mortality at 10 years compared with PCI with
not-extensive stenting or CABG (32.3, 26.2, and 23.8%, respectively;
Log-rank p = .020, Figure 2a). When the count of stent was dichoto-
mized, rates of 10 year all-cause mortality were 31.4 and 26.7% in
patients with >5 stents (n = 300) and < 5 stents (n = 593), respec-
tively, and the total implanted stents count was also associated to a
poorer outcome (Figure S2).

In patients with 3VD, all-cause mortality rates in patients treated
with extensive stenting PCl, not-extensive stenting PCl and CABG were

significantly different (33.0, 25.9, and 20.5%, respectively; Log-rank
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FIGURE 2 Kaplan-Meier curves for all-cause mortality at 10 years. (a—c) Mortality rates in patients with extensive stenting PCI, not-extensive

stenting PCl and CABG. (a) The overall cohort. (b) Three-vessel disease (3VD) cohort. (c) Left main coronary artery disease (LMCAD) cohort. (d-f)
Mortality rates in patients with small stenting PCl, large stenting PCI and CABG. (d) The overall cohort. (e) 3VD cohort. (f) LMCAD cohort. CABG,
coronary artery bypass grafting surgery; PCI, percutaneous coronary intervention
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p = .001, Figure 2b), whereas those were similar in patients with LMCAD
(30.3, 26.5, and 28.8%, respectively; Log-rank p = .823, Figure 2c).

In the whole cohort, PCI with small stents (ASD <3 mm) was asso-
ciated with a higher rate of all-cause mortality at 10 years compared
with PCl with large stents or CABG (30.9, 25.9, and 23.8%, respec-
tively; Log-rank p = .018, Figure 2d).

In 3VD cohort, all-cause mortality rates in patients treated with
small stents, large stents and CABG were significantly different (30.1,
26.7, and 20.5%, respectively; Log-rank p = .004, Figure 2e).

In patients with LMCAD, mortality rates in patients with small
stents and large stents and CABG were 34.1, 25.2, and 28.8% (Log-
rank p = .196), respectively (Figure 2f). Of note, in the whole
cohort, patients treated with CABG (n = 865) and those treated
with not-extensive and large stenting PCl (n = 351) had similar
mortality rates (24.0 vs. 23.8%, Figure 3).

\

All-cause mortality (%)
N
<
|

Log-rank p = 0.033
0 T T T T

0 1 3 5 7 10
Years since randomization
Patient number at risk

— 191 180 171 156 138 115
17 115 M 98 88 72

234 221 206 194 176 150

— 351 339 329 303 279 250
— 865 829 797 744 684 619

Adjusted hazard ratio (vs CABG)

2.27 (1.56-3.31)

1.55 (0.91-2.62)

1.32 (0.90-1.93)

0.82 (0.56-1.19)
Reference

— PCI with extensive stenting and small stents
PCI without extensive stenting and with small stents
PCI with extensive stenting and large stents
— PCI without extensive stenting and with large stents
— CABG

FIGURE 3 Mortality rates and adjusted hazard ratio according to
revascularization strategy

(a)

20{ TSL (10mm increase)

In 1058 patients who were completely revascularized, extensive
stenting or small stenting were still associated with worse survival,
compared to CABG (Figure S3).

In the propensity score matched population, anatomical complex-
ity based on the anatomical SYNTAX score was matched in addition
to clinical comorbidities (Table S1, 2), and the Kaplan-Meier curves
for all-cause mortality remained similar to those in the overall popula-
tion (Figure S4).

3.4 | Impact of extensive or small stenting PCl on
all-cause mortality

TSL treated as continuous variable was significantly associated with
all-cause mortality at 10 years after adjusting for confounding vari-
ables (adjusted HR, 1.05 per 10 mm increase; 95% Cl, 1.01-1.09;
p = .015), whereas ASD did not have a significant association with
10 year mortality (adjusted HR, 0.97 per 0.25 mm increase; 95% ClI,
0.85-1.11; p = .655, Figure 4).

When TSL was divided into “extensive” (>100 mm) and “not-
extensive” (<100 mm) based on the prespecified length of 100 mm,
extensive-stenting PCl was significantly associated with all-cause
mortality at 10 years, compared either with PCl without extensive
stenting (adjusted HR, 1.94; 95% Cl, 1.36-2.77; p <.001) or CABG
(adjusted HR, 1.97; 95% Cl, 1.41-2.74; p < .001, Figure 5a). On the
other hand, the mortality outcome of PCl without extensive stenting
was similar to that of CABG (adjusted HR, 1.01; 95% Cl, 0.75-
1.36; p = .932).

Although treatment effects were not significantly different
between 3VD and LMCAD, in patients with 3VD, extensive stenting
PCl was significantly associated with a higher mortality rate at
10 years, compared either with PCl without extensive stenting
(adjusted HR, 2.12; 95% Cl, 1.34-3.35; p = .001) or CABG (adjusted
HR, 2.52; 95% Cl, 1.66-3.82; p < .001) (Figure 5a).

When stent size was divided into “small” and “large” according to
the threshold of 3 mm, the mortality risk in patients with small stents
was significantly higher than in patients with large stents or those treated

FIGURE 4 Impact of TSL and
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FIGURE 5 Treatment effect on 10 year mortality. HRs are (a) not-extensive stenting PCl versus extensive stenting PCI, CABG versus
extensive stenting PCl, and CABG versus not-extensive stenting PCl and (b) not-extensive stenting PCl versus extensive stenting PCI, CABG
versus extensive stenting PCl, and CABG versus not-extensive stenting PCl. CABG, coronary artery bypass grafting surgery; HR, hazard ratio; PClI,

percutaneous coronary intervention

with CABG (adjusted HR, 1.74; 95% Cl, 1.19-2.53; p = .004, and
adjusted HR, 1.66; 95% Cl, 1.23-2.26; p = .001, respectively, Figure 5b).

In patients with LMCAD, PCIl with small stents resulted in worse
outcomes, compared to PCl with large stents, (adjusted HR, 2.90; 95%
Cl, 1.58-5.32; p <.001), but that observation was not made in
patients with 3VD (adjusted HR, 1.11; 95% Cl, 0.66-1.85; p = .693,
P for interaction = 0.035, Figure 5b).

3.5 | Impact of extensive or small stenting PCl on
cardiovascular mortality

PCI with extensive stenting was associated with a higher rate of car-
diovascular mortality at 5 years compared with PCl with not-extensive
stenting or CABG (10.2, 8.1, and 5.0%, respectively; Log-rank
p = .005, Figure S5A). Cardiovascular mortality rates in 3VD patients
treated with extensive stenting PCl, not-extensive stenting PCl and
CABG were significantly different (10.5, 7.6, and 3.9%, respectively;
Log-rank p = .003, Figure S5B), whereas cardiovascular mortality rates
were not significantly different in patients with LMCAD (9.2, 8.6, and
6.7%, respectively; Log-rank p = .561, Figure S5C).

In the whole cohort, PCI with small stents was associated with a
higher 5-year cardiovascular mortality compared with PCI with large
stents or CABG (10.4, 7.3, and 5.0%, respectively; Log-rank p = .001,
Figure S5D). In 3VD cohort, cardiovascular mortality rates in patients
treated with small stents, large stents and CABG were significantly
.003,
Figure S5E). Mortality rates in LMCAD patients with small stents and

different (9.8, 7.3, and 3.9%, respectively; Log-rank p =

large stents and CABG were 13.2, 7.3, and 6.7% (Log-rank p = .091),
respectively (Figure S5F). The impact of not-extensive and large ste-
nting PCl on 5 year cardiovascular mortality was similar to that of
CABG (Figure S6).

Although TSL and ASD were not significantly associated with car-
diovascular mortality at 5 years (adjusted HR for TSL [10 mm
increase]: 1.07 [1.00-1.14], p = .056; adjusted HR for ASD [0.25 mm
increase]: 0.79 [0.60-1.03], p = .081) (Figure S7), extensive/small ste-
nting PCl were significantly associated with cardiovascular mortality
at 5 years, compared either with not-extensive/large stenting PCl or
CABG (Figure 6).

4 | DISCUSSION
The main findings of the present study are as follows:

(i) TSL treated as a continuous variable was significantly associated
with all-cause mortality at 10 years, but ASD treated as a continuous vari-
able was not significantly associated with all-cause mortality at 10 years.

(ii) In patients with 3VD, extensive stenting PCI (TSL >100) was
associated with a higher 10 year mortality, compared to CABG and
not-extensive stenting PCI (TSL <100).

(iii) Patients who underwent either CABG, or PCl with not-
extensive stenting (TSL <100) and large stents (ASD 23 mm) had simi-
lar all-cause mortality at 10 years.

(iv) The low-SYNTAX score stratum was associated with “large”
and “not-extensive” stents, whereas the high-SYNTAX score stratum

presaged the use of “extensive” and “small” stents.
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Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value PValue for
Better Better interaction
Overall not-extensive stenting vs  extensive stenting 1.24 (0.78-1.96) 0.363 2.04 (1.08-3.86) extensive stenting = not-extensive stenting  0.029
CABG vs  extensive stenting 2.08 (1.29-3.33) 0.003 3.26 (1.69-6.28) extensive stenting = CABG <0.001
CABG vs not-extensive stenting 1.68 (1.10-2.56) 0.017 1.60 (0.88-2.92) not-extensive stenting 4 » CABG 0.126
3VD not-cxtensive stenting vs  extensive stenting 1.35 (0.75-2.40) 0.315 2.16 (0.91-5.12) extensive stenting ] - not-extensive stenting 0,080 s
CABG vs  extensive stenting 2.72 (1.48-5.00) 0.001  5.15(2.06-12.84) extensivestenting - CABG <0.001|% ;iss
CABG vs not-extensive stenting 2.02 (1.10-3.72) 0.023 2.38 (0.92-6.17) not-extensive stenting = CABG 0.074 g 0.541
LMCAD not-extensive stenting vs  extensive stenting 1.07 (0.46-2.49) 0.876 1.92 (0.62-5.95) extensive stenting —t @ Dot-extensivestenting 0.259
CABG vs  extensive stenting 1.42 (0.61-3.35) 0.419 2.34 (0.76-7.21) extensive stenting 1 CABG 0.140
CABG vs not-extensive stenting 1.33 (0.74-2.41) 0.344 1.22 (0.53-2.80) not-extensive stenting — . CABG 0.644
0.5 2 5 1‘0
Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value rj\-value‘for
Better Better interaction
Overall large stents vs small stents 1.47 (0.94-2.32) 0.093 2.41(1.18-4.93) small stents —. large stents 0.016
CABG vs small stents 2.19 (1.42-3.37) <0.001 3.08 (1.67-5.69) small stents [ — CABG <0.001
CABG vs large stents 1.48 (0.94-2.35) 0.094  1.28(0.64-2.53) large stents R — CABG 0.485
3VD large stents vs small stents 1.37 (0.73-2.56) 0.332 1.35 (0.47-3.86) small stents ——— large stents 0.576 0207
CABG Vs small stents 2.58 (1.46-4.55) 0.001 3.68 (1.57-8.61) small stents —_— CABG 0.003 | - 0.726
CABG vs large stents 1.89 (0.95-3.77) 0.071 2.73 (0.84-8.81) large stents - CABG 0.094 " 0337
LMCAD large stents vs small stents 1.94 (0.93-4.09) 0.079 3.94 (1.37-11.30) small stents — @ largestents 0.011
CABG vs small stents 2.16 (1.04-4.48) 0.039 3.85(1.36-10.91) small stents —_— CABG 0.011
CABG vs large stents 1.11 (0.60-2.07) 0.741 0.98 (0.41-2.34) large stents B . E— CABG 0.961
05 1 2 s 10

FIGURE 6 Treatment effect on 5 year cardiovascular mortality. HRs are (a) not-extensive stenting PCI versus extensive stenting PCl, CABG
versus extensive stenting PCl, and CABG versus not-extensive stenting PCl and (b) not-extensive stenting PCI versus extensive stenting PClI,
CABG versus extensive stenting PCl, and CABG versus not-extensive stenting PCl. CABG, coronary artery bypass grafting surgery; HR, hazard

ratio; PCIl, percutaneous coronary intervention

41 | Extensive stenting and 10-year all-
cause death

Previous studies have demonstrated that TSL is associated not only
with major adverse cardiovascular events but also with all-cause
death.*® In the j-Cipher registry (n = 10,773), TSL (255 mm) of the
first generation sirolimus-eluting stents was associated with 3-year
all-cause mortality, although extensive stenting was not significantly
associated with all-cause mortality after adjustment for baseline
characteristics.* In a pooled analysis of women undergoing PCI with
new-generation DES (n = 5,232), TSL (236 mm) was also associated
with 3-year all-cause mortality, but extensive stenting was not an
independent predictor of all-cause mortality after adjustment.’ In a
larger GLOBAL LEADERS trial (n = 15,450), the fourth quartile group
(TSL 246 mm) had a significantly higher adjusted risk of 2 year all-
cause death, compared to first quartile group (TSL <16 mm) when
patients were divided into quartiles according to TSL.® A risk model
incorporating clinical, angiographic, and physiological parameters
demonstrate that TSL (230 mm) is the most important predictor.”
These results are derived from patients treated with PCI, but compar-
ative treatment effect of CABG versus PCl with respect to TSL in
patients with 3VD and/or LMCAD has not been fully evaluated. In the
present study, extensive stenting PCI (TSL >100 mm) was associated
with complex anatomic features. Although patients with extensive
stenting achieved complete revascularization more frequently than
patients with not-extensive stenting (Table S1), patients with exten-

sive stenting showed a higher 5 year cardiovascular mortality and

10 year mortality (Figure S5, Figure 2a). This fact suggests that the
patients who need extensive stenting could present a worse outcome.
Even after adjustment for baseline characteristics, extensive stenting
PCl was still a predictor of 5 year cardiovascular mortality and 10 year
mortality, compared to CABG and not-extensive stenting PCI
(Figures 5a and 6a). In addition, in patients who were completely
revascularized, extensive stenting or small stenting were also
associated with a higher 10 year mortality, compared to CABG and
not-extensive stenting or large stenting (Figure S3). This sub-analysis
confirms the results in the overall population.

Number of stents could also be associated with a mortality pre-
diction, but the mortality rate (31.4%) in patients with >5 stents was
similar and not higher, compared to the mortality rate (32.3%) in

extensive stenting patients.

4.2 | PCl with small stents and 10-year all-
cause death

It has been known that females have small epicardial vessel diame-
ter than males.*® In addition, diabetes is accompanied by impaired
compensatory remodeling of the coronary arterial wall.*® There-
fore, patients with diabetes have smaller lumen diameter of coro-
nary artery than those without diabetes. In accordance with these
facts, patients treated with small stents were more frequently
females and had a higher prevalence rate of diabetes in the SYN-
TAX trial.
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PCIl with DES in small vessels results more frequently in resteno-
sis, compared to PCI in large vessels, although thresholds for small
vessels varied among researches (from 2 to 3 mm).&%17 In addition,
CABG for small vessels has also been associated with higher perioper-
ative mortality.'® Although revascularization of small vessels is associ-
ated with poor prognosis regardless of the revascularization mode
(PCl or CABG), comparative treatment effect of CABG versus PCl in
patients with complex CAD considering stent diameter has not been
investigated.

The present study demonstrated that PCl with small stents was
associated with higher 5 year cardiovascular mortality and 10 year all-
cause mortality, compared to either CABG or PCl with large stents,
even after adjustment for baseline characteristics (Figures 5b and 6b).
In addition, the benefit of larger stents, compared to smaller stents,
was evident in patients with LMCAD.

43 | Treatment effects of CABG versus PCI
considering procedure plan

In the SYNTAX trial, the use of IVUS was only 12.7% (113 patients).
Post-procedural minimal stent area is associated with cardiovascular
adverse events and the benefit of intravascular ultrasound (IVUS)-
guided PCIl has been demonstrated in the ULTIMATE and IVUS-XPL
trials.2”2° In the SYNTAX Il trial, the contemporary state-of-the-art
PCl, including use of current-generation DES (98.4%), physiology-
guided treatment (96.4%) and IVUS optimization of stent deployment
(84.1%), were applied. The contemporary state-of-the-art PCl in the
SYNTAX |l trial definitely improved the clinical outcomes, compared
with an historical control such as the original SYNTAX trial, although
TSLs in the propensity matched population of SYNTAX | (n = 308)
and SYNTAX Il (n = 440) were not significantly different (97.7
+43.7 mm and 92.3 £ 52.8 mm, p = .13).2* Similarly, contemporary
CABG as executed in the EXCEL trial offered superior outcomes when
compared in a propensity analysis with the outcome of the
SYNTAX trial.?? Considering the technical improvement of PCI
and CABG, the definition of extensive stenting and small stenting
should be further evaluated following contemporary procedures
as recommended in the SYNTAX Il trial. However, when patients
need extensive stenting or small stents for PCI revascularization
as presaged by the SYNTAX strata, revascularization with CABG
could be safer and beneficial.

The Interactive Planner (HeartFlow, Redwood City, CA) offers the
possibility to anticipate the physiological benefit virtually obtainable
by stenting and to predict the residual fractional flow reserve by com-
puted tomography (FFRCT) as a function of the length and diameter
stent used.?® This planning program let presage the use of extensive
and small stents needed to normalize as much as possible the conduc-
tance of the major epicardial vessel prior to the actual procedure. PCI
planning with virtual stenting might become part of the heart team
discussion at the time of the decision-making on the most appropriate

mode of revascularization.

5 | LIMITATION

First, this is a post hoc analysis and all the presented findings must be
interpreted as hypothesis generating due to the inherent limitations
of post hoc analysis including multiple testing. Second, lesion charac-
teristics data by quantitative coronary angiography (QCA, lesion
length and reference vessel diameter of target lesions) are not avail-
able, therefore, we could not evaluate the quantitative impact on mor-
tality of incomplete lesion coverage, overlapping, underexpansion or
stent size mismatch. Third, the first generation TAXUS DES and an
out dated PCI strategy was used in the SYNTAX trial since patients
were enrolled between March, 2005, and April, 2007. The TAXUS
stent is no longer commercially available and newer generation DES
improved clinical outcomes. When the SYNTAX trial started in 2005,
IVUS had not yet been introduced in the guidelines. The ACC/AHA/
SCAI guideline published in 2006 recommended the clinical use of
IVUS for lesion assessment as class Ila for the first time, and the rate
of IVUS usage in the SYNTAX trial was low.2* It is, however, unavoid-
able that the findings from long-term follow-up data are based on par-
tially outdated technology and strategy of treatment while the
evidence for contemporary technology can be derived only from
short-term follow-up studies. Fourth, the endpoint in the SYNTAXES
study was only all-cause death only and the results for cardiovascular
death were available up to 5 years. However, the SYNTAXES study is
a randomized data that was meticulously conducted and achieved a
high follow-up rate of 93.8% for 10 year vital status (1,689 out of
1,800 enrolled patients).*!

6 | CONCLUSION

Extensive and small stenting are associated with high 10 year mortal-
ity, compared with CABG. When patients with 3VD and/or LMCAD
need extensive or small stenting for PCI revascularization, revasculari-
zation with CABG should be considered.
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