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Abstract
Aims: The SYNTAX study compared PCI with TAXUS Express stents to CABG for the treatment of de novo
3-vessel and/or left main coronary disease. This study aimed to determine patient characteristics and five-year
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outcomes after a staged PCI strategy compared to single-session PCI.

Methods and results: In the SYNTAX trial, staged procedures were discouraged but were allowed
within 72 hours or, if renal insufficiency or contrast-induced nephropathy occurred, within 14 days (mean
9.8+18.1 days post initial procedure). A total of 125 (14%) patients underwent staged PCI. These patients
had greater disease severity and/or required a more complex procedure. MACCE was significantly increased
in staged patients (48.1% vs. 35.5%, p=0.004), as was the composite of death/stroke/MI (32.2% vs. 19%,
p=0.0007). Individually, cardiac death and stroke occurred more frequently in the staged PCI group (p=0.03).
Repeat revascularisation was significantly higher in staged patients (32.8% vs 24.8%, p=0.035), as was stent
thrombosis (10.9% vs. 4.7%, p=0.005).

Conclusions: There is a higher incidence of MACCE in patients undergoing staged compared to single-ses-
sion PCI for 3-vessel and/or left main disease over the first five years of follow-up. However, these patients
had more comorbidities and more diffuse disease.
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Introduction

Multivessel coronary artery disease is a frequent finding at angiog-
raphy'. In patients with stable angina, the prevalence of multives-
sel disease has remained between 40 and 50% over the past three
decades®. Percutaneous coronary intervention (PCI) is often used
to treat patients with complex multivessel disease and in patients
with significant comorbidity. In patients who are felt to be suitable
for multivessel PCI, a decision on the best procedural strategy is
required, and operators must choose between treating all lesions
at one sitting or bringing the patient back to the cardiac catheteri-
sation laboratory for a staged procedure. In the setting of primary
PCI for ST-elevation myocardial infarction, professional societal
guidelines support treating the culprit vessel initially and staging
PCI for the remaining disease*¢. There is less evidence on the best
way to manage stable patients with multivessel disease. One study
has shown that either a one-step or a staged treatment strategy (four
to eight weeks later) can be employed with high procedural success
rates and a low incidence of complication’. The Society for Cardiac
Angiography and Interventions recommend that the treatment strat-
egy be flexible in these patients depending on contrast and radiation
doses as well as patient and operator conditions®. The SYNTAX
study was a prospective, multicentre, multinational randomised
trial of 1,800 patients with de novo 3-vessel or left main stem dis-
ease, who were randomised to either CABG or stenting with pacli-
taxel-eluting TAXUS® stents (Boston Scientific, Marlborough,
MA, USA)’. The five-year results of this trial have now been pub-
lished!®. Three-vessel and/or left main disease was required for trial
inclusion and the mean number of lesions treated per patient was
3.6£1.6. Staged PCI was discouraged by the protocol. One hun-
dred and twenty-five (14%) patients in the randomised cohort of the
SYNTAX trial underwent staged PCI. The objective of this study
was to assess the differences in five-year outcomes between 3-ves-
sel and/or left main stem disease patients who received staged ver-
sus single-session PCI with the TAXUS Express paclitaxel-eluting
stent in the SYNTAX study.

Methods

The SYNTAX study was an “all-comers” prospective trial of
patients with de novo 3-vessel coronary disease and/or left main
stem disease. If considered eligible by a Heart Team meeting of
local interventional cardiologists and cardiac surgeons, consent-
ing patients were randomised to receive either CABG or PCI with
the TAXUS Express paclitaxel-eluting stents. The study was con-
ducted in 62 European centres and 23 centres in the United States
of America. Full details of the methods have already been published
in the original paper and supplementary appendix®.

PATIENTS

Of 4,337 patients screened to participate in the study, 1,800 were
randomised. Patients considered to have only one treatment option
were included in either a PCI or a CABG registry. SYNTAX scores
were calculated at a core laboratory (Cardialysis, Rotterdam,
The Netherlands) blinded to the patient’s treatment arm. Analysis
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of biochemistry was also performed at an independent blinded
core laboratory (Covance, Indianapolis, IN, USA, and Geneva,
Switzerland). Patients had to give written informed consent for the
study. PCI or CABG was undertaken to achieve equivalent revascu-
larisation of all vessels over 1.5 mm in diameter with at least a 50%
stenosis. The number of lesions treated/pt was 3.6+1.6 mean+SD,
the number of stents implanted 4.6+2.3 mean+SD, total length
implanted 86.1+47.9 mm mean+SD (range 8-324 mm), and 33.2%
of patients had stenting of >100 mm. The surgical or PCI technique
adopted was at the discretion of the operator. A staged PCI procedure
was allowed in the study provided it was performed within 72 hours
of the index procedure and during the same hospital stay. In patients
with renal insufficiency or contrast-induced nephropathy post pro-
cedure, staging could be performed; however, the second procedure
had to be completed within 14 days. Dual antiplatelet therapy was
administered following stent implantation as recommended by the
directions for use of the TAXUS Express stent.

ENDPOINTS

We recorded and compared the incidence of major adverse cardi-
ovascular and cerebrovascular events (MACCE: death from any
cause, CVA, MI or repeat revascularisation) at five years in the sin-
gle-session PCI group and those who had staged PCI procedures.
The clinical reason for patients undergoing staged PCI was also
recorded.

STATISTICS

Continuous variables were measured as meantstandard deviation
and were compared using the Student’s t-test. Binary variables are
expressed as percentages and were compared using the chi-square
test.

Results

Of the 903 patients randomised to PCI, 125 (13.8%) received
a staged procedure. The baseline characteristics of both groups are
shown in Table 1. The incidence of hypertension, chronic obstruc-
tive pulmonary disease (COPD) and renal failure (creatinine
>200 umol/L) was significantly higher in the staged PCI group of
patients. In addition, the Parsonnet and SYNTAX scores were sig-
nificantly higher in the staged PCI group, indicating more comor-
bidity and coronary disease of greater severity.

Differences in procedural characteristics are highlighted in
Table 2. The staged PCI group had a significantly higher incidence
of most of the anatomical features which increase the difficulty of
percutaneous coronary inventions including: greater number of
lesions; lesions of length >20 mm, coronary calcification, triple-
vessel disease only, left main stem disease, chronic total occlusion
and bifurcation lesions. The mean combined procedure time was
almost double in the staged PCI group compared to the single-
session group. Following the procedure(s), the staged PCI group
of patients had a significantly longer length of in-patient hospital
stay. The single-session PCI group received fewer stents (4.4+2.2
vs. 6.142.4, p<0.0001) and had less total implanted stent length
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Table 1. Baseline characteristics.

Single

session
n=778

Staged

n=125 |7

value

Age (yrs), mean+SD 65.1+9.6 | 65.9£10.3| 0.44
Male, % 76.2 77.6 0.74
BMI 28.1+4.8 | 28.2+4.6 0.76
Diabetes, % 27.1 35.2 0.06
Hypertension, % 72.8 81.3 0.047
Hyperlipidaemia, % 78.6 79.2 0.88
Family history of IHD, % 26.5 25.2 0.78
Current smoker, % 18.1 20.8 0.47
Prior MI, % 30.9 38.5 0.09
COPD, % 7.1 12.8 0.03
Peripheral vascular disease, % 8.9 10.4 0.58
TIA/CVA % 8.0 5.7 0.38
Congestive heart failure, % 4.0 4.0 1.00
Severe LVSD, % 1.0 3.2 0.07
Creatinine >200 pmol/L, % 0.8 3.2 0.04
Stable angina 55.8 64.0 0.08
Additive EuroSCORE, mean+SD| 3.7+2.6 4.1+3.0 0.10
Parsonnet score, mean+SD 8.3+6.9 ©).Cker/ 3 0.02
SYNTAX score, mean+SD 27.9+11.6 | 31.7+10.2 | <0.001

ischaemic attack

BMI: body mass index; COPD: chronic obstructive pulmonary disease;
CVA: cerebral vascular accident; IHD: ischaemic heart disease; LVSD: left
ventricular systolic dysfunction; MI: myocardial infarction; TIA: transient

Table 2. Procedural characteristics.

Single

(IABP)

session Rt
n=778 n=125

No. of lesions, mean+SD 4.2+1.8 5.0+£1.5 | <0.001
Lesion length >20 mm, % 19.5 25.4 0.008
Heavy calcification, % 20.9 28.4 <0.001
3VD only, % 62.4 84.7 <0.001
Left main, any, % 37.6 15.3 <0.001
Left main only, % 4.3 0.8 0.07
Left main+1 vessel, % 6.1 0.8 0.02
Left main+2 vessel, % 13.1 1.6 <0.001
Left main+3 vessel, % 14.2 12.1 0.52
Total occlusion, % 22.9 32.3 0.02
Bifurcation, % 70.6 83.1 0.004
Trifurcation, % 10.9 9.7 0.69
Allocation to procedure, d+SD 6.8+12.8 | 8.0+14.0 0.32
Procedure time, hr+=SD 1.5+0.7 2.8+1.1 <0.001
Post-procedure length of stay, 3.0+4.3 5.46+5.4 | <0.001
d+SD

Complete revascularisation, % 58.8 44.0 0.002
Intra-aortic balloon pump 2.4 2.4 1.00

(82.0+46.1 vs. 110.7£51.0 mm, p<0.0001). The proportion of
patients requiring over 100 mm of stents implanted was significantly
less (29.8% vs. 53.6%, p<0.0001). There was no difference in maxi-
mum implanted stent diameter between the two groups (3.5+0.5 vs.
3.46+0.48 mm, p=0.35). Despite the greater number and length of
stents used in the staged PCI group, those patients who had single-
session PCI had the highest incidence of complete revascularisation.
In 47 (38%) cases, there was more than one reason for adopting
a staged procedure strategy. In 40 (32%) cases, a staged strategy
was planned in advance of the first procedure due to the medical
status of the patient. A staged strategy was adopted in 54 (43%)
cases due to the volume of contrast used, and in 14 (11%) cases
due to known renal insufficiency. A long fluoroscopic time led to
a staged procedure in 29 (23%) cases, and operator fatigue during
long complex procedures contributed in 13 (10%) cases. A variety
of other reasons led to a staged procedure in 22 (18%) cases. These
data are highlighted in Figure 1. Differences in baseline characteris-
tics between those patients who underwent a planned staged versus
an unplanned staged procedure are shown in Table 3. No p-values
are shown due to the small sample size in the planned staged group.
We have presented the percentage difference with 95% confidence
intervals. Planned staged as opposed to unplanned staged proce-
dures occurred more frequently in males, patients with peripheral
vascular disease and in those with Parsonnet scores >15. There
were very few differences in procedural characteristics between
those with planned and those with unplanned staged procedures;
however, there was a higher percentage of patients with total occlu-
sions (9.0% [-9.0, 27.1]) and bifurcations (9.7% [-3.0, 22.5]).
Figure 2 shows the five-year incidence of MACCE and the
separate components of all-cause mortality, MI, CVA and repeat
revascularisation. MACCE was significantly greater in the staged
PCI group, as was a composite of death, stroke and MI (32.2%
vs. 19.0%, p=0.0007). All-cause death was significantly higher
in the staged PCI group: this was largely driven by increased car-
diac death (14.3% vs. 8.1%, p=0.03). There was no significant dif-
ference between the two groups in terms of vascular death (1.9%
vs. 0.6%, p=0.16) and non-cardiovascular death (7.1% vs. 4.3%,
p=0.19). The increase in MACCE was also partially driven by
a greater need for repeat revascularisation in the staged PCI group:

Renal
Operator insufficiency
fatigue 14

13

Volume of contrast
media used

o4

Planned
Long fluoroscopic
49 Other Radiocontrast time
21 nephropathy 29
1

Figure 1. Reasons for adopting a staged PCI procedure strategy.



Table 3. Comparison of baseline characteristics of patients
undergoing planned staged versus unplanned staged PCI.

Unplanned | Planned Difference (%)
n=85 n=40 [95% Cl]

Age (yrs), mean=SD 66.1+9.6 65.3+11.7 | -0.85[-4.74,3.03]
Male, % 81.2 70.0 -11.2[-27.6,5.3]
BMI 27.8+4.1 29.2+5.4 1.46 [-0.24, 3.16]
Diabetes, % 36.5 32.5 —4.0[-21.7,13.8]
Hypertension, % 74.7 95.0 20.3[8.8,31.8]
Hyperlipidaemia, % 81.2 75.0 —6.2[-22.0, 9.6]
Family history of IHD, % 24.7 26.3 1.6[-15.2,18.5]
Current smoker, % 22.4 17.5 -4.9[-19.6, 9.9]
Prior MI, % 40.0 35.1 —4.9[-23.4,13.7]
COPD, % 12.9 12.5 —0.4[-12.9,12.0]
Peripheral vascular disease, % 14.1 2.5 —11.6 [NA]
TIA/CVA, % 7.2 2.5 —4.7 [NA]
Congestive heart failure, % 47 2.6 —2.1[NA]
Severe LVSD, % 35 25 —1.0 [NA]
Creatinine >200 pmol/L, % 315 2.5 —1.0 [NA]
Stable angina 64.7 62.5 —2.2[-20.3,15.9]
Unstable angina 25.9 27.5 1.6 [-15.1, 18.3]
Additive EuroSCORE, mean+SD | 4.3+2.9 3.8+3.1 —0.42 [-1.54,0.7]
Parsonnet score, mean+SD 9.4+75 10.7£7.0 1.29[-1.47,4.04]
Total Parsonnet score 215 23.5 32.5 9.0(-8.1,26.1]
SYNTAX score, mean+SD 31.0+10.6 33.0+9.2 1.99[-1.87, 5.85]

BMI: body mass index; CVA: cerebral vascular accident; IHD: ischaemic heart disease;
LVSD: left ventricular systolic dysfunction; MI: myocardial infarction; NA: no confidence
intervals available due to small numbers; TIA: transient ischaemic attack

149 (20.4%) patients in the single-session PCI group required
repeat PCI compared to 34 (28.4%) in the staged group (p=0.02).
CABG was required following PCI in 45 (6.3%) single-session PCI
patients compared to nine (8.0%) of the staged PCI group (p=0.48).
As shown in Figure 2, stroke also occurred with a significantly
higher frequency in the staged PCI group. The incidence of post-
procedural stent thrombosis was also significantly greater in the

60
p=0.006 p=0.059 p=0.031 p=0.035 p=0.004

50 481

40
328 35.5

% 4
¥ %8

21.9
126 4.4

20

All death Mi CVA Revasc MACCE
M Single session (n=778) M Staged (n=125)

Figure 2. Five-year MACCE in patients with single-session and
staged procedures.
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staged PCI group with 13 (10.9%) patients experiencing this com-
plication compared to 34 (4.7%) patients in the single-session PCI
group (p=0.0045).

A comparison of the five-year incidence of MACCE and its
components between the planned and unplanned staged groups is
shown in Figure 3. There was no statistically significant differ-
ence in all-cause mortality, MI, CVA, repeat revascularisation or
MACCE between these two groups.

60

=0.756 =0.399 =0.970 =0.561 =0.562
P P p p p o
1 459
40 31.0
v 3] 308
| 228 304
2 16.3
10.3
i I P
All death MI CVA Revasc MACCE

Unplanned (n=85) M Planned (n=40)

Figure 3. Five-year MACCE in patients who had planned and
unplanned staged procedures.

Discussion

This substudy of the SYNTAX trial aimed to examine the reasons
why staged PCI procedures were undertaken in a group of patients
with complex coronary disease, and to look at the procedural dif-
ferences and outcomes compared to those completing their index
PCI in a single session. As one might expect, we have shown that
patients undergoing staged PCI had more comorbidity: in particular,
renal dysfunction with a creatinine >200 umol/L, COPD and hyper-
tension were more prevalent in this group. There was also a trend
towards more diabetes mellitus, previous MI and poor LV func-
tion in the staged PCI group of patients. Renal disease was found
to be a frequent reason for adopting a staged PCI approach. The
risk of contrast-induced nephropathy in patients with renal disease
is between 20 and 30%, and it is therefore important in these patients
to minimise exposure and entirely appropriate to stage complex
procedures!!. In addition, patients with renal disease have a higher
likelihood of having other cardiovascular risk factors such as hyper-
tension and diabetes mellitus. Coronary disease in patients with dia-
betes mellitus is often more diffuse and likely to involve longer and
more extensive revascularisation procedures'?. There was a trend to
more diabetes in the staged PCI cohort in this study with over a third
of staged PCIs being performed in diabetic patients. This also con-
tributed to the significantly higher SYNTAX score in the staged PCI
group. COPD was significantly more prevalent in patients undergo-
ing staged PCI. Coronary artery disease and COPD share a com-
mon risk factor in cigarette smoking, and this increased prevalence
amongst the staged PCI group may result in an inability to tolerate
a prolonged period of lying flat for a complex procedure'.
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The SYNTAX score was higher in those patients undergoing
staged PCI. Various components of the SYNTAX score are high-
lighted in Table 2, indicating that there were not only more lesions
in the staged PCI group but that these were also longer, more calci-
fied and more likely to involve the left main stem or a bifurcation.
Chronic total occlusion was also significantly more common. All
of these factors contribute to longer procedure times and the occur-
rence of operator fatigue. Operators may also have been mindful of
their and the patient’s radiation exposure during long and difficult
cases. Given the increasingly complex nature of the coronary dis-
ease in those patients undergoing staged PCI, it is not surprising
that complete revascularisation was achieved in significantly fewer
patients in this group, and this may have contributed to the signifi-
cantly higher incidence of major cardiac events in patients undergo-
ing staged PCI over the first five years of follow-up. Despite the use
of drug-eluting stents, complex lesions have a higher risk of devel-
oping restenosis, and this will also have contributed to a higher
incidence of repeat revascularisation in the staged PCI group'.
Other factors associated with increased restenosis relevant to the
staged PCI group include: total stent length, lesion length and dia-
betes mellitus'>!¢. A further contributory factor to repeat revascu-
larisation in the staged PCI group is the higher incidence of stent
thrombosis. Predictors of stent thrombosis have been extensively
published with premature discontinuation of dual antiplatelet ther-
apy being the most significant'’. The staged PCI group in SYNTAX
had more renal failure, bifurcation lesions and diabetes mellitus, all
of which may have contributed to the higher rate of stent thrombo-
sis'®. In addition, staged patients had a greater number of lesions
treated with a significantly greater length of stented segment and
despite this were ultimately less completely revascularised when
compared to the single-session group. With more lesions and more
stents there will be an increased risk of unapposed stent struts,
increasing the risk of this complication. There was also a trend
towards more severe left ventricular systolic dysfunction (LVSD)
in the staged PCI group. All of these factors will have contributed
additionally to the greater incidence of stent thrombosis. All-cause
death, and in particular cardiac death, was significantly higher in
the staged PCI group of patients. This is likely to be a reflection of
the more extensive coronary disease, increased comorbidities and
more extensive vascular disease in this group of patients. The risk
of stroke was also increased in the staged cohort of patients, and
again we suspect this is a reflection of the greater comorbidity in
this group, in particular hypertension and a trend towards a greater
incidence of diabetes. It is therefore likely that this group had more
undiagnosed cerebrovascular disease and thus over this extended
follow-up period had more events.

Our substudy of the SYNTAX trial has provided a good insight
into the reasons for staging, and for whom this should be consid-
ered. Our staged patients had more comorbidity and complex coro-
nary disease. Patients with multiple comorbidity often find lying
flat for a prolonged period difficult and should therefore be con-
sidered for staging upfront. Complex coronary anatomy, such as
bifurcation lesions and heavy calcification requiring longer and

more complex interventional techniques, should also be consid-
ered for staging in multivessel disease where operator fatigue can
occur. The volume of contrast medium used and fluoroscopic time
should be monitored during the procedure with staging of a lesion
for a later date where it is in the patient’s best interests. Patients
with pre-existing renal disease should also be considered upfront
for staging, especially where significant volumes of contrast are
likely to be utilised. Our study has shown that, where staging has
occurred (either planned or unplanned during multivessel PCI),
there is a higher incidence of MACCE over five years of follow-up.
Therefore, operators should carefully weigh up the risks of multi-
vessel PCI versus CABG in this group.

The SYNTAX study used the paclitaxel-eluting TAXUS Express
stent. More modern stent types have been compared with this stent
and been shown to have similar clinical efficacy and safety'. The
SPIRIT IV study showed less target lesion failure, less target lesion
revascularisation, less myocardial infarction and stent thrombosis
using an everolimus-eluting stent compared to a paclitaxel-eluting
stent®. Using more modern stent technology may result in fewer
MACCE, though this benefit would have been seen in both the
staged and single-session groups, and it is therefore difficult to pre-
dict if the results of the study would have been different. This may
be plausible given that the majority of MACCE were due to repeat
revascularisation.

Limitations

The main limitation of this study is that patients in the staged PCI
and single-session PCI groups had a number of different base-
line characteristics which have been highlighted in Table 1. The
staged PCI group had a statistically significant higher incidence
of hypertension, COPD, creatinine >200 pumol/L, Parsonnet and
SYNTAX scores. Staged PCI was discouraged in the study and as
such there were no set criteria provided for staging. The decision
to stage a procedure was operator-dependent and we therefore can-
not exclude an unmeasured selection bias. Patients in the SYNTAX
trial had the most complex coronary disease included in a clinical
trial and therefore these results cannot be extrapolated to patients

with less complex multivessel disease.

Conclusions

Patients in the SYNTAX trial who were treated by staged PCI proce-
dures had more comorbidities and more complex disease compared
to the patients in whom PCI was conducted in a single session. The
majority of reasons for staging a procedure were related to volume
of contrast medium, length of fluoroscopy and renal insufficiency.
It should be noted that the SYNTAX trial patients include the most
complex coronary disease ever treated in a clinical trial, and this
is amplified in the staged PCI group, with a mean stented length
of over 110 mm. The outcome of a staged strategy in the part of
the SYNTAX population with less complex lesions might be dif-
ferent. In the SYNTAX trial, despite increased procedure times and
implanted stent lengths in patients with staged procedures there was
more incomplete revascularisation. There is a significantly higher



incidence of major cardiac events in patients undergoing staged PCI
over the first five years of follow-up. The five-year outcomes in
SYNTAX patients with 3-vessel coronary disease have been shown
to have a lower MACCE rate for CABG compared to PCI in the
most complex patients, consistent with the findings in this staged
subgroup. The impact of staging in multivessel coronary disease
patients with fewer comorbidities or less complex coronary anatomy
requires further study as do the potential benefits of more modern

stent technology.

Impact on daily practice

This substudy of the SYNTAX trial has shown us that patients
with severe coronary disease requiring more complex inter-
vention are more likely to undergo a staged PCI strategy due
to the contrast volume used, longer fluoroscopy time and renal
dysfunction. In daily practice, cardiologists should be mindful
that patients undergoing staged PCI have a higher incidence of
MACCE, a composite of death, stroke and MI, repeat revascular-
isation and stent thrombosis. This is important when considering
revascularisation strategy and consent.
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