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Abstract Background: Stent thrombosis (ST) and restenosis are concerns after percutaneous coronary
intervention (PCI). Limited information exists concerning clinical and angiographic outcomes
following multiple stent insertion. We therefore present the long-term outcome from drug-eluting
stent (DES) insertion and correlate this with the Syntax score.

Methods and Results: Between April 2002 and 2006, all patients that underwent multilesion PCI
(defined as >4 DES) were included for analysis, and follow-up commenced from the point where the
fourth stent was inserted. Three hundred and seventy-four patients were identified, comprising 1972
lesions; 99% had clinical (30+16 months), and 72% had angiographic follow-up. The mean number
of stents implanted was 5.7+1.9 and with length of 137+50 mm and Syntax Score of 24+8. The
Syntax score (SS) did not predict major adverse cardiac events (MACE) at long-term follow-up,
which occurred in 33% in the low SS (<22), 34% intermediate SS (22—32) and 40% in the high SS
(>33); P=ns. However, the number of stents implanted correlated with events [MACE: 12%
(4 DES), 35% (4—6 DES), 61% (>6 DES)]. There were 11 (2.9%) definite and probable ST: four
acute and subacute, three late, and four very late.

Conclusions: This study demonstrates an acceptable occurrence of myocardial infarction, death,
repeat revascularisation, and ST in patients with multivessel de novo lesions, which had better
correlation with the number of DES inserted than the Syntax score.

© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

The approach to the treatment of multivessel coronary
disease (MVD) has evolved significantly in recent years [1].
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Several observational and randomised studies have shown
equivalence between percutaneous and surgical revascular-
isation [2—4]. These findings in conjunction with rando-
mised trials demonstrating less neointimal proliferation with
drug-eluting stents (DES) compared to bare metal equiva-
lents (BMS) [5,6] has encouraged more liberal use of DES
by operators in long and complex coronary lesions [7,8].
This practice occurred despite the pivotal trials enrolling a
small percentage of patients with 2—3-vessel disease with
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Table 1A

Baseline clinical characteristics of all de novo lesions treated with >4 DES
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Total (n=374)

DES=4 (n=124)

DES 4-6 (n=155)

DES >6 (1=95)

Age

Men %

Hypertension

Diabetes

Family history

Hyperlipidaemia

Current smoker

Unstable angina

Mean creatinine (mg/dl)

Renal impairment (Cr >1.25 mg/dl)
Prior CABG

Prior MI

Left ventricular ejection fraction
1-Vessel disease

2-Vessel disease

3-Vessel disease

Mean SYNTAX score

63+11

332 (89%)
254 (68%)
113 (30%)
176 (47%)
233 (63%)
69 (18%)
101 (27%)
1.04+0.79
43 (11%)
0 (0%)
161 (43%)
534+8%

0 (0%)
155 (41%)
219 (59%)
24.3+£8.4

65+11
102 (82%)
89 (72%)
32 (25%)
58 (47%)
79 (64%)
10 (8%)
34 (27%)
0.96+0.23
16 (13%)
0 (0%)
50 (40%)
544+8%

0 (0%)
63 (51%)
61 (49%)
21.8+7.1

6310
144 (92%)
99 (64%)
47 (30%)
74 (48%)
96 (62%)
34 (22%)
44 (28%)
1.14+1.19
16 (10%)
0 (0%)

77 (50%)
53+8%

0 (0%)

65 (42%)
90 (58%)
25.2+8.1

62+10

86 (91%)
66 (69%)
34 (36%)
44 (46%)
58 (61%)
25 (26%)
23 (24%)
0.97+0.29
11 (12%)
0 (0%)
34 (36%)
534+9%

0 (0%)
27 (28%)
68 (72%)
26.1£9.8

only one lesion treated with up to 2 stents per patient. The so-
called off-label use of these stents has resulted in conflicting
reports as to the safety of these devices in lesions involving
bifurcations [9], chronic total occlusions, in-stent restenosis,
and the left main stem [10—12]. Furthermore, recent concerns
of DES safety with regard to stent thrombosis (ST) has
resulted in changes to guidelines and the risk of ST after
multiple DES implantation with current interventional
practice is still unknown [13]. The recently reported follow-
up from the randomised SYNTAX study (Taxus Drug Eluting
Stent versus Coronary Artery Bypass Surgery For the
Treatment of Narrowed Arteries) [ 14], which enrolled patients
with multivessel disease and left main stem stenosis,
demonstrated equivalence between percutaneous coronary
intervention (PCI) and coronary artery bypass surgery
(CABG) in terms of its composite primary end point of
major adverse cardiac and cerebrovascular events (MACCE).
The inevitable risk attributable to the discontinuation of
clopidogrel after 1 year of implantation adds further concerns.
To date, few studies have addressed these issues in MVD; we
therefore conducted a retrospective observational study
investigating the long-term impact of multiple DES implan-
tation (defined as >4 DES) in relation to Syntax score on
clinical and angiographic outcomes.

2. Methods

All consecutive patients referred for multivessel stenting
between April 14, 2002 (first day DES usage available for
standard clinical practice in our institutions), and April 14,
2006, were included in the analysis. Patients were included
from the date when the fourth stent was inserted, whether this
was placed in an index procedure or after a staged procedure.
The decision to include patients with >4 DES was based
upon this being the median number of DES implanted in the
SYNTAX trial as well as previous data from our group on
the midterm outcome of >4 DES in the same patient [15]. We
believe this would provide us with a more valid bench mark

to compare our data against as well as providing a good “real
world” assessment of the SYNTAX score with longer
clinical follow-up. There were no exclusion criteria and
patients had stable or unstable angina or silent ischemia
demonstrable by noninvasive stress testing.

Coronary angioplasty was performed by standard techni-
ques using either the femoral or radial approach and a loading
dose of clopidogrel (300 mg), ticlopidine (400 mg) or aspirin
(300 mg) was administered if not pretreated. Thienopyridine
administration was continued as a maintenance dose the day
after the procedure for a minimum of 6 months. (Maintenance-

Table 1B
Baseline lesion and procedural characteristics

Total (n=374)

IIb/IlIa (% of patients) 112 (30%)
IABP (% of patients) 32 (9%)
IVUS (% of patients) 82 (22%)
Left main stem 46 (12%)
Chronic total occlusions 93 (25%)
Bifurcations 171 (45%)
Inhospital death 2 (0.5%)
Non-Q-wave MI 27/374 (11%)
In-hospital repeat PCI 1 (0.3%)
In-hospital repeat CABG 0 (0%)
CK-MB post procedure (U/L) 18+34

Total lesions (n=1972)

Lesion Type A 32 (1.6%)
Lesion Type Bl 352 (17%)
Lesion Type B2 948 (48%)
Lesion Type C 606 (31%)
Lesion Type B2/C 1554 (79%)
Baseline RVD (mm) 2.61+0.66
Baseline MLD (mm) 0.86+0.53
Baseline lesion length (mm) 14.3+9.6
Final RVD (mm) 3.0440.57
Final MLD (mm) 2.63+0.59
Balloon-to-artery ratio 1.20+0.50
Mean balloon pressure (atm) 21+8
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Table 2A

Clinical and angiographic outcomes of de novo lesion treated with >4 DES according to SYNTAX score using the tertiles from the Syntax Trial [14]
Patients SYNTAX Score <22 (n=165) SYNTAX Score 23-32 (n=156) SYNTAX Score >33 (n=48)

Clinical follow-up (30+16 months) 164 (99%) 154 (99%) 100%

Angiographic follow-up (9+6 months) 118 (72%) 113 (72%) 39 (81%)

No. of DES 5.6+1.9 5.7£1.8 6.1£2.3 P=.07

DES length (mm) 132451 138+45 152458 P<.05 (<22 vs. >33)
Death 9 (5%) 10 (6%) 3 (6%) P=93
Cardiac death 4 (2%) 7 (4%) 3 (6%) P=40
Follow-up MI 5 (3%) 7 (4%) 1 (2%) P=.66

TLR per patient 39 (24%) 34 (22%) 14 (29%) P=57

TVR per patient 50 (30%) 45 (29%) 16 (33%) P=2384
Overall MACE 55 (33%) 53 (34%) 19 (40%) P=72

dose clopidogrel 75—150 mg, Ticlopidine 250 mg twice daily).
The decision to perform PCI instead of CABG was based on
(a) referring cardiologist opinion, (b) patient’s preference, and
(c) suitability to obtain an adequate revascularization with PCI.
During the PCI procedure, patients received either intravenous
bivalirudin or unfractionated heparin (100 IU/kg) to maintain
an activated clotting time between 250 and 300 s. All coronary
stents were implanted at pressures >12 atm, and full coverage
of the angiographic lesion was attempted in all cases.
Bifurcations were treated with either modified T, crush or
Culotte techniques. Intra-aortic balloon pump, glycoprotein
[Ib/IIa inhibitors, and intravascular ultrasound (IVUS)
guidance was performed at the operators’ discretion.

2.1. Quantitative coronary angiographic analysis

Coronary angiograms were analysed using a validated
edge detection system (CMS, version 5.2, MEDIS, The
Netherlands). The reference vessel diameter (RVD), mini-
mum lumen diameter (MLD), and lesion length were
measured on the pre and post angiogram and at follow-up.

2.2. End points and definitions

The primary endpoint of this study was the occurrence of
immediate and long term follow-up major adverse cardiac
events (MACE). The secondary endpoints were angiograph-
ic restenosis and stent thrombosis rates. MACE was defined
as a composite end point comprising death, myocardial
infarction (MI), target vessel revascularisation (TVR) and
target lesion revascularisation (TLR). Deaths were classified
as either cardiac or noncardiac. Cardiac death was defined as
any death due to a cardiac cause (e.g., MI, low-output failure,
fatal arrhythmia), procedure-related deaths, and death of
unknown cause. Non-Q-wave MI was defined as an
elevation of serum creatine kinase (CK) that was two times
the upper limit of normal with a concomitant doubling in
(CK) MB isoenzyme in the absence of pathological Q waves.
Restenosis was defined as >50% luminal narrowing at the
segment site (stent and 5 mm proximal and distal)
demonstrated at the follow-up angiography, regardless of
clinical symptoms. TLR was defined as any revascularisa-
tion performed on the treated segment or within 5 mm of the

stent edges; TVR was defined as any reintervention
performed on the treated vessel considering also treatment
of any segment within the left coronary system for an index
lesion of the left main stem. ST was defined on the basis of
the Academic Research Consortium definitions [16].

2.3. Follow-up

Clinical follow-up was performed by either telephone
contact or office visit and curtailed on October 14, 2007.
Angiographic follow-up was suggested between § and 12
months after stenting unless clinically indicated at an
earlier time.

2.4. Syntax scores

Syntax scores were calculated from the pre-intervention
index angiograms in de-novo lesion only (i.e. excluding by-
pass graft interventions and PCI for in stent restenosis).
Scores were calculated by four independent scorers (A.I, R.
A-L., L.F, G.B) who were blinded from the final outcomes
from the study population. The scorers had all completed the
syntax score evaluating tutorial and determined the final
scores for each angiogram from the Syntax score Web-based
calculator at www.syntaxscore.com. In the entire group, five
patients did not have Syntax scores calculated as the baseline
angiograms were insufficient and excluded. The de novo
Syntax group was further subdivided into low (<22),
intermediate (22—-32) and high (>33) Syntax scores as
described in the Syntax study [14]. Additionally, this cohort
was separated into the tertiles of risk as calculated for this
population [low (<18), intermediate (19-28) and high
(>29)]. Long-term outcomes were also determined according
to the number of DES implanted with three subgroups
created according to the first, median and third quartiles from
the population (4 DES; 5-6 DES; >6 DES).

2.5. Statistical methods

Categorical variables are expressed as raw numbers and
percentages. Continuous variables are presented as mean+1
S.D. Comparisons between groups of categorical data were
performed with chi-square testing. Univariate odds ratio and
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95% confidence intervals. SPSS version 13 (SPSS, Chicago,
[llinois, USA) and Instat version 3 (San Diego, CA, USA)
were used for data analysis and figures were plotted on Graph
pad (San Diego, CA, USA). All P values were two-sided and
considered significant if P<.05.

3. Results

A total of 374 patients were treated comprising 1972 lesions
with three-vessel disease in 59% of the patients, and an
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Fig. 1. (A-B) Kaplan-Meier curves for freedom from events in the de novo
Syntax Group. (A) According to Syntax Score Tertile from the Syntax Trial
[14] (<22, straight lines; 22—32, dotted lines; >33, dashed lines). (B) According
to Syntax Score Tertile from this >4 DES Cohort (<18, straight lines; 19-28,
dotted lines; >29, dashed lines). (C) According to number of DES implanted (4
DES: straight lines; 4—6 DES dotted lines lines; >6 DES dashed lines).

unprotected left main stem lesion in 12%. The baseline clinical
characteristics for the entire population are displayed in
Table 1A with the lesion and procedural characteristics
Table 1B. The mean stent number per patient was 5.6+1.9
with a length of 1374£50 mm; 25% chronic total occlusions,
45% bifurcations. The mean Syntax score for the group was
24.3+8.4; in five patients syntax scores were not calculated.
Procedures tended to involve complex lesions (lesion B2/C:
79%) with high rates of intra-vascular ultrasound (22%), IIb/
IIIa (30%) and intra-aortic balloon pump (9%) use (Table 1B).
Of the procedures, 17% were staged, and the mean time was
7.7+9.0 months between procedures; 5.2 lesions were treated
per patient, and the number of bifurcation lesions per patient
was 2.1. Severe calcification was documented in 406 (20.6%)
of the lesions. There were 2 in-hospital deaths: one due to
acute ST and subsequent MI and the other due to renal
infarction several days post procedure. There were two
episodes of repeat PCI: one was the aforementioned case of
acute ST, and the second presented with chest pain 3 h post
procedure and angiography demonstrated re-occlusion of the
previously patent chronic total occlusion (CTO) of the right
coronary artery. In-hospital CABG was not required in
any patients.

3.1. Long-term follow-up in relation to number of DES and
Syntax score

Clinical follow-up was performed in >99% at a median time
interval of 30 months with angiographic follow-up at 9+6
months. Angiographic follow-up tended to be higher in
patients who had higher Syntax scores. The overall MACE,
TLR, TVR, ST, death and follow-up MI rates according to the
Syntax score tertiles was not significantly different (Syntax
score MACE: <22 (33%) vs. 22-32 (34%) vs. >33 (40%);
P=.72; Table 2A; Fig. 1A]. This was also the case if the
tertiles were calculated according to the scores obtained for this
population of patients instead of using the scores derived from
the Syntax study [Syntax score MACE: <18(31%) vs. 19-28
(33%) vs.>29 (41%); P=.32; Table 2B; Fig. 1B]. Additionally,
there was no difference in ST, death and follow-up MI rates
according to the number of DES inserted. However, MACE,
TLR and TVR rates were significantly different according to
the number of DES implanted [MACE: 4 DES (12%) vs. 4—6
DES (35%) vs. >6 DES (61%); P<.001; Table 2C; Fig. 1C].

3.2. Stent thrombosis

At the end of follow-up there were 11 (2.9%) episodes of
definite and probable stent thrombosis (ST). The time line,
patient characteristics and concomitant antiplatelet therapy at
the time of ST is shown in Table 3 and Fig. 2.

3.2.1. Acute and sub-acute ST

There were 4 episodes and 2 patients died. One death was
a consequence of the ST and the other patient had a possible
ST months later and died from heart failure.
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Table 2B

Clinical and angiographic outcomes of de-novo lesion treated with >4 DES according to SYNTAX score using the tertiles from this cohort of patients

Patients

SYNTAX Score <18 (n=103) SYNTAX Score 19-28 (n=165) SYNTAX Score >29 (n=101)

Clinical follow-up (30£16 months) 102 (99%)

Angiographic follow-up 73 (71%) 118 (72%)
(9+6 months)
No. of DES 5.3+1.8 5.6+1.8
DES Length (mm) 125+48 136+46
Death 6 (6%) 10 (6%)
Cardiac death 3 (3%) 6 (4%)
Follow-up MI 4 (4%) 7 (4%)
TLR per patient 25 (25%) 34 (21%)
TVR per patient 29 (28%) 47 (28%)
Overall MACE 32 (31%) 55 (33%)

164 (99%)

100 (99%)

78 (77%)

6.32.1 P<.001 (<18 vs. >29)
P<.01 (19-28 vs. >29)

15254 P<.001 (<18 vs. >29)
P<.05 (19-28 vs. >29)

6 (6%) P=99

5 (5%) P=74

3 (3%) P=382

29 (29%) P=32

36 (36%) P=40

41 (41%) P=32

3.2.2. Late definite and probable ST

Two patients had definite ST and both patients were
taking dual antiplatelet therapy (DAT) at the time, and one
patient died as a consequence. The one case of probable ST
occurred in a patient who was admitted with pancreatitis, had
all antiplatelet therapy suspended, and went onto to have a
fatal MI 6 days after discontinuation of DAT.

3.2.3. Very late definite and probable ST

Two patients had very late definite ST and both were not
taking DAT. One of these patients was not compliant with
therapy and the other had a large gastrointestinal bleed and
stopped all antiplatelets 12.5 months post procedure and
suffered an ST. There were two probable ST occurring 3 and
4 years post procedure with one patient on aspirin
monotherapy only and the other on DAT.

4. Discussion

The main findings of this study are the following: (1) an
acceptable incidence of death and MI from multivessel

Table 2C

stenting in these complex patients; (2) the Syntax score did
not correlate with occurrence of events at follow-up; (3) the
number of stents implanted predicted the occurrence of
events during follow-up.

At the outset widespread use of PCI for multivessel disease
was limited due to concerns about the high repeat revascular-
isation rates and so CABG tended to be the favoured treatment.
The MACE rate of the current study is higher than our prior
experience with multivessel stenting [17] (31-41% vs. 22%),
these differences are easily explained when considering the
more complex patients treated (3.3 vs. 5.6 stents per patient)
and the longer follow-up (6.5 vs. 30 months).

The recently reported Syntax study has attracted much
attention as the PCI arm performed as well as CABG in terms
of hard clinical end points such as death, stroke and MI (12
months PCI vs. CABG: 7.6% vs. 7.5%; 24 months: 10.8 vs.
9.6%). However, the revascularisation rates were much
higher in the PCI arm reflecting the higher MACCE (12
months PCI vs. CABG: 17.8% vs. 12.1%, P=.002; 24
months: 23.4 vs. 16.3%, P<.001) [14]. The overall MACE at
24 months was much lower than that reported in this study.
Of interest, in patients with a high Syntax score (>33) the 2

Clinical and angiographic outcomes of de novo lesions according to number of drug eluting stents implanted

Patients DES=4 (n=124) DES 4-6 (n=155) DES >6 (n=95)

Clinical Follow-up (30+16 months) 123 (99%) 153 (99%) 100%

Angiographic Follow-up (9+6 months) 73 (59%) 118 (76%) 83 (87%)

No. of DES 4 5.4+0.5 8.4+1.9 P<.001
DES length (mm) 103+24 134429 186+61 P<.001
SYNTAX score 2247 2548 26+10 P<.001 4 DES vs. 4-6 and >6
Death 3 (2%) 13 (8%) 6 (6%) P=11
Cardiac death 2 (2%) 9 (6%) 3 (3%) P=18
Follow-up MI 2 (2%) 9 (6%) 3 (3%) P=18
TLR per patient 10 (8%) 33 (21%) 45 (47%) P<.0001
TVR per patient 11 (9%) 47 (30%) 54 (57%) P<.0001
Overall MACE 15 (12%) 55 (35%) 58 (61%) P<.0001
Stent thrombosis

Acute 1 (0.8%) 1 (0.6%) 1 (1%) P=.94
Subacute 0 (0%) 1 (0.6%) 0 (0%) P=49
Late definite and probable 0 (0%) 1 (0.61%) 2 (2%) P=21
Very late definite and probable 0 (0%) 4 (2.6%) 0 (0%) P=.06
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Table 3
Clinical and procedural characteristics from patients with late and very late definite & probable stent thrombosis

1 2 3 4 5 6 7

Late definite  Late definite  Late probable = Very late definite  Very late definite ~ Very late probable =~ Very late probable
Ongoing DAT N J x x x x N
Months since index PCI 5 5 2 12.5 12.5 57 34
No. of stents 10 7 5 5 5 5 5
Stent length (mm) 149 192 125 150 100 163 133
Vessels treated 3 3 2 2 3 3 3
Lesions location of ST ~ OM LAD Unknown RCA oM Unknown Unknown
CTO No No No Yes No No No
Bifurcation Yes Yes Yes Yes Yes Yes Yes
IN LAB complication No No No No No No No
Any LMS stenting Yes No Yes No No No No
Gender M M M M M M M
Age, y 81 80 82 58 60 52 61
LVEF, % 60 50 44 60 55 40 50
DM Yes No Yes No No No No
Creatinine (mg/dl) 1.2 0.9 1.5 0.95 0.83 1.0 1.04
MI (procedural) No Yes No No No No No
DEATH No Yes Yes No No Yes No

DAT, dual antiplatelet therapy.

year MACCE rate was 28.2% once again lower than our
reported MACE in the high Syntax group cohort (40%).
These differences may be accounted for by the fact that the
number (4.4 vs. 6.1) and length (85 vs. 152 mm) of stents
were much higher in the present study compared to Syntax.
Furthermore, the follow-up was longer and so one would
naturally expect additional events with the progression of
coronary atherosclerotic disease. In addition, we had a high
rate of angiographic follow-up which has been shown to
trigger an increase in the revascularisation rate. The present
study did not demonstrate a correlation with Syntax score
and event free survival. This could be due to a limitation in
the reproducibility of the score amongst scorers; however,

the score has been tested outside the core-lab setting and the
reproducibly amongst cardiologists is sufficient [18].
Interestingly, in the present study, the mean Syntax score
is very low compared to previous publications (24 vs. 30).
The explanation for this may be that in the Syntax trial more
left main stem and bifurcations procedures were performed
than in our study (SYNTAX vs. Gerber: LMS 39% vs. 12%,
bifurcation 72% vs. 45%). There is a greater weighting of the
score for these particular complex lesions which potentially
explains the differences in the scores. There is only one study
outside the confines of the Syntax trial that has demonstrated
that the Syntax score was able to predict the occurrence of
adverse events when applied to the ARTS II patients [19]. In

Very Late
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— |
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Fig. 2. Timeline to development of stent thrombosis in all patients who suffered definite or probable stent thrombosis. The antiplatelet regimen at the time of
stent thrombosis is depicted: crossed lines-no antiplatelet therapy; diagonal lines-aspirin monotherapy; hollow boxes-dual antiplatelet therapy. Outcomes
shown as: death-black and white boxes; definite stent thrombosis-black squares; probable stent thrombosis-black stripes.
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a recent publication from our group, on the long-term
outcome of patients receiving full metal jacket (FMJ)
stenting defined as DES lengths >60 mm, the 3-year
revascularization rate was 23% similar to that reported in
the high syntax score group [20].

A unique feature of this study is the demonstration that
the number of DES implanted correlated with events, and is
of importance, as this may provide an alternative simpler
method of predicting event free survival in patients with
complex multivessel disease who undergo multivessel PCI.
The explanation for this may simply be that the number of
DES is just a marker highlighting the patients with more
diffuse coronary artery disease who are generally sicker.

There have been numerous reports on multiple DES
insertion, but numbers used have been less than in this report
with the mean number of stents per patient ranging from 2.5
to 3.5 [17,21-24] and with follow-up confined to 6—12
months. MACE rates were 15% [21] and 22% [17] at 6
months, 8.3% [22] and 15% [23], at 12 months and 10% [24]
and at 24 months. Only one study reported clinical events out
to 3 years and demonstrated sustained superiority of DES
over BMS during the follow-up period (MACE 12% vs.
37%), but unfortunately, there was no information on the
number of stents used in the DES arm [8].

The overall stent thrombosis rate was relatively low
(2.9%) in this cohort of patients that had multivessel PCI.
The definite and probable very late ST rates were higher
(2.4% vs. 0%) in the 4—-6 DES group; this was borderline
significant. Three of the four patients in that group were not
taking dual antiplatelet therapy a feature which may have
been contributory to the development of ST [25].

4.1. Limitations

This study reports observational non-randomised data. The
choice of stent, adjunctive medical treatment and revascular-
isation strategy was left to the discretion of the operators and,
so, could introduce specific bias, which may mask any
confounding factors for the development of adverse events.

5. Conclusion

This observational study provides valuable information
on the long-term outcome from multiple stent implantation
in complex coronary artery disease. The low mortality and
MI rate is encouraging, but the high repeat revascularisation
rate needs further investigation. In this cohort of patients that
had more than 4 DES implanted the Syntax score did not
appear to predict as well the long-term freedom from events
as did the number of stents implanted.
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